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TRCHNICAL FIRLD

{8081}  The present disclosure relates methods, kits, systems, algorithms and voprovements
for detecting the presence of or determining an amount, quantity, concentration and/or level of an
anttbody against at least one type of B-coronavirus, such as, for exarople, an antibody against
SARS-CoV or SARS-CoV-2, in one or more samples obtained from a subject. In some aspects,
the methods, kats and systems relate to detecting the presence of or deternuning an amount,
quantity, concentration and/or level of at least one type of anti-B-coronavirus antibody, such as
an IgG and/or IgM antibody, 10 one or more samples obtamed from a subject. The methods, kits

systems, aigorithms and improvements can also be used to monitor a subject’s response and/or
i
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treatment to a PB-coronavirus, determine whether or not a subject will develop or experience a

cytokine storm, predict outcome in a subject, determine whether a subject can be admunistered a
vaccine for a P-coronavirus, monitoring antibody response in individuals that have received a §-
coronavirus vaccine {such as a SARS-CoV-2 vaccine}, and/or determine the immune status of a

subject.
BACKGROUND

9882} Viruses of the family Coronaviridae possess a single-strand, positive-sense RNA
genome ranging from 26 to 32 kilobases in length (reviewed by Lu et al,, The Lancer, 395565+
574 (February 22, 2020}). The Coronaviridae are further subdivided (imtially based on serology

gamma and delta

(=

but now based on phylogenetic clustering) into four groups, the alpha, beta
coronaviruses. Coronaviruses have been identified in several avian hosts, as well as i various
manvmals, including camels, bats, masked palm civets, mice, dogs, and cats.

{8883}  Among the several coronaviruses that are pathogenic to humans, most are associated
with mild clinical symptoms, with three exceptions. Severe acute respiratory syndrome {(SARS)
coronavirus {SARS-CoV) is a novel betacoronavirus that emerged in Guangdong, southern
China, in November 2002 and resulted in more than 8000 human infections and 774 deaths in 37
countries 1n 2002-03. Middle Fast respiratory syndrome (MERS) coronavirus (MERS-CoV) was
first detected 10 Saudi Arabia in 2012 and was responsible for 2494 laboratory-confirmed cases
of infection and 858 deaths from 2012-20. In December, 2019, a cluster of ppneumonia cases
caused by a newly identified B-coronavirus were found to be epiderniclogically-associated with
the Huanan seafood market in Wuhan, China, where a number of non-aquatic amimals, such as
birds and rabbits were on sale before the outbreak. This coronavirus was named January 2020
by the World Health Grganization (WHO) as the 2019-novel coronavirus (2019-nCov or
COVID-19), and February 2020 by the Intervational Committee as SARS-CoV-2. SARS-CoV-2
was declared a pandemic due to its rapid, uncontrolled and vast worldwide spread.

{8884}  Coronavirus virions are spherical with diameters of approximately 125 nanometers, as
demonstrated in studies by cryo~electron tomography and cryo-electron microscopy. A
prominent feature of coronaviruses 1§ the club-shape spike projections emanating from the
surface of the virion, giving the virion the appearance of a solar corona and resuiting in the
name, coronaviruses. Within the envelope of the coronavirus virion is the helically-symmetrical

nucleocapsid, which binds to and creates a shell around the coronavirus RNA genome. The
~
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spike {8} and nucleccapsid (N} proteins are the main immunogens of the coronavirus. The other
two main structural proteins of the coronavirus particles are the membrane (M) and envelope (E)
protemns. All four proteins are encoded within the 3’ end of the viral genome.

{8885F  The S protein (~150 kDa} 1s heavily N-linked glycosylated and utilizes an N-terminal
signal sequence to gain access to the endoplasmic reticulum (ER). Homotrimers of the virus-
encoding S protein make up the distinctive spike structure on the surface of the virus. In many,
but not all, coronaviruses, the S protein is cleaved by a host cell furin-like protease into two
separate polypeptides known as S1 and 82, 81 makes up the large receptor-binding domain of
the S protein while S2 forms the stalk of the spike molecule. The trimeric S glycoprotem
mediates attachment of the coronavirus virion {0 the host cell by interactions between the §
protein and 1ts recepior. In humans, angiotensin-converting enzyme 2 { ACE2) 15 the receptor for
SARS-CoV. The sites of receptor binding domains (RBD) within the S1 region of a coronavirus
S protein vary depending on the virus, with some having the RBD at the N-terminus of 81 {e.g,,
murine hepatitis virus) while others {e.g., SARS-CoV) have the RBD at the C-terminus of S1.
The S-protem/receptor interaction is the primary determinant for the corenavirus to infect a host
species and also governs the tissue tropism of the virus.

{3886}  The M protein 1s the most abundant structural protein m the virion. It 13 a small {(~25-
30 kDa) protein with 3 fransmembrane domains and 1s believed to give the virion ifs shape. It
has a small N-termuinal glycosylated ectodomain and a much larger C-terminal endodomain that
extends 6-8 nm nto the viral particle.

{33871 The E proten (~8-12 kDa) 1s found m small quantities within the vition. E proteins in
coronaviruses are highly divergent but have a common architecture. Data suggests that the E
protein s a transmembrane protein with an N-terminal ectodomain and a C-terminal endodomain
that has won channel activity. Recombinant viruses lacking the E protein are not always lethal -
although this 1s virus-type dependent. The E protein facilitates assembly and release of the virus,
but alzo has other functions (e.g., 10n channel activity 10 SARS-CoV E protein 13 not required for
viral replication but 13 required for pathogenesis).

{8088  The N protein is the only protein present m the nucleocapsid. It 1s composed of two
separate domains, an N-termmnal domain (NTD) and a C-terminal domain {CTD)}, both capable
of binding RNA in virro using different mechanisms, which may suggest that optimal RNA

binding requires contributions from both domamns. The N protein is heavily phosphorylated, and
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phosphorylation has been suggested to trigger a structural change enhancing the affinity for viral
versus non-viral RNA. The N protein binds the viral genome in a beads-on-a-string type
conformation. Two specific RNA substrates have been identified for N protein; the
transcriptional regulatory sequences and the genomic packaging signal. The genomic packaging
signal has been found to bind specifically to the second, or C-terminal RNA binding domain.
The N protein also binds nsp3, a key component of the replicase complex, and the M protein.
These protein interactions likely help tether the viral genome to the replicase-iranscriptase
complex, and subsequently package the encapsidated genome into viral particles.

j808%9)  In February 2020, Lu et al reported obtaining complete and partial SARS-CoV-2
genome sequences using next-generation sequencing of bronchoalveolar lavage fluid samples
and cultured isolates from nine patients from Wuhan diagnosed with viral pneumonia but
negative for common respiratory pathogens. Lu et al., The Lancet, 395; 565-574 (February 22,
2020} Based on their analysis, Lu et al. fusther reported that SARS-CoV-2 was closely related
{with 88% identity) to two bat-derived severe acute respuratory syndrome (SARS)-like
coronaviruses, bat-SL-CoVZC4S and bat-SL~-CoVZXC21, collected in eastern China in 2018,
but was more distant from SARS-CoV {about 79%) and MERS-CoV (about 50%). Additionally,
Fhou et al. confirmed that SARS-CoV-2 uses the same cellular entry receptor, ACE2, as SARS-
CoV. Zhou et al,, Nature, $79:270-273 (March 2020},

{8018  SARS-CoV-2 primarily spreads through the respiratory tract, by droplets, respitatory
secretions, and direct contact. Addittonally, SARS-CoV-2 has been found i fecal swabs and
blood, indicating the possibility of multiple routs of ransmission. Zhang et al, Microbes
9(11:386-9 {2020). SARS-CoV-2 15 highly transmissible in humans, especially i the elderly and
people with underlying diseases. Symptoms can appear 2 {0 14 days after exposure. Patients
present with symptoms such as fever, malaise, cough, and/or shortness of breath. Most aduolts or
chifdren with SARS-CoV-2 infection present with mild flo-like symptoms, however, critical
patients rapidly develop acute respiratory distress syndrome, respiratory fatlure, multiple organ
failure and even death.

{8811}  Because of the health risks imposed by SARS-CoV-2 transmission, there is a need for
methods and kits to assess coronavirus transmission in humans, in combination with methods to
assess an anti-B-coronaviras antibody {such as an IgG and/or IgM antibody) in one or more

samples obtained from a subject.
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SUMMARY

{88121 In one aspect, the present disclosure relates to a method for detecting a presence or
determining an amount, level or concentration of {e.g., quantitating or semi-quantitating} at least
one type of anti-B-coronavirus antibody in a subject. The method can comprise the steps of;
{8813}  a) contacting at least one biclogical sample from the subject, either simultaneously or
sequentially, in any order, with

{98914} at least one type of first specific binding partner comprising at least one P-coronavirus
isolated polypeptide or variant thereof, selected from a C-terminal domain of a nucleocapsid
protein, a recepior binding domam (RBD) of a spike protein, or a C-terminal domain of a
nucleocapsid protein and a a receptor binding domain of a spike protein, wherein the polypeptide
specifically binds to at least one type of anti-B-coronavirus antibody in the sample, and

{8015  at least one type of second specific binding pariner comprising a detectable label,
{8816}  thereby producing one or more types of first complexes comprising the first specific
binding partner-anti-B-coronavirus antibody-second specific binding partner; and

{88171 b) assessing a signal from the one or more types of first complexes, wherein the
amount of detectable signal from the detectable label mdicates the presence or amount of anti-p-
coronavirus antibody in the sample,

{9818]  In some aspects, the above methods are (a} semi-quantitative; (b} quantitative; or {¢)
qualitative. In some aspects, when the method described herein is semi~quantitative, e ¢, the
method s not standardized against an internationally recognized standard {(such as a WHO
international standard {e.g., such as in BAU/mL)}. 1o other aspects, when the method described
herein 1s quantitative, the method e.g., can be standardized against an internationally recognized
standard, such as, for example, a WHO international standard {e.g., such as in BAU/mL). In yet
further aspects, when the method described herein 13 qualitative, a single-to-calibrator ratio
{S/ACOY 13 obtamed or determined.  An understanding of whether a method 18 semi-quantitative,
quantitative or qualitative, and adaption of a method to either semi~-quantitative, quantitative or
gualitative 15 well known and done using routine techniques known 1 the art.

3818 In some aspects, the above method quantifies up to (a) about 91% or (b} about 99% of
anti-SARS-CoV-2 IgG antibodies.

1I28]  1n some aspects of the above method, the at least one iype of anti-B-coronavirus
anttbody is an anti-SARS-CoV antibody or an anti-SARS-CoV-2 antibody. In vet other aspects
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of the above method, the at least one type of anti-P-coronavirus antibody is an anti-SARS-CoV-2
anttbody.

{8821} In some aspects of the above method, when the type of anti-B-coronavirus antibody is
an anti-SARS-CoV-2 antibody, the method further comprises detecting at least one anti-SARS-
CoV-2 neutralizing 1gGG antibody. Specifically, in this aspect, the method demonstrates high
qualitative agreement with a plague reduction neutralization assay. Additionally, increasing
amounts of anti-SARS-CoV-2 1gG antibodies as detected by the method are associated with
mereasing amounts of anti-SARS-CoV-2 IpG neutralizing antibodies. Moreover, in this aspect,
the probability profile for the method corresponds to high titer levels in the plaque reduction
neutralization assay such that there is a high probability of the levels of anti-SARS-CoV-2 IeG
antibodies determined by the method being at or above the levels of anti-SARS-CoV-2 IgG
neutralizing antibodies determined n the plague reduction neutralization assay. Finally, the
method further demonstrates high qualitative agreement with an ACEZ binding inhibition assay.
{80223 In stull further aspects of the above method, a level of anti-SARS-CoV-2 I2G
antibodies of at least about 4160 AU/l {about 590 BAU/mL} used as a cutoff or threshold
correspouds to about 0.95 probability of obtainung 3 plaque reduction neutralization assay 1ID50
at 1:250 dilution.

{8823]  In st further aspects of the above method, when the at least one type of anti-fi-
coronavirus antibody is an anti-SARS-CoV-2 antibody, the method comprises obtaining the at
ieast one biological sample from the subject at a critical time of from about fourteen (14} days 1o
about thirty-five (35} days after onset of symptoms of SARS-CoV-2. Specifically, in these
aspects, the method further comprises determining that the subject: (1) more hikely than not will
develop or experience at least one of a cytokine storm, acute respiratory distress syndrome
{ARDS}, or a combination of a cytokine storm and ARDS if anti-SARS-CoV-2 IgM antibody,
anti-SARS-CoV-2 [ antibody, or anti-SARS-CoV-2 {gM antibody and anti-SARS-CoV-2 Ig(y
antibody are not detected n the biological sample within the cnitical time; or (1) more hikely than
not will not develop or experience at least one of a cyvtokine storm, ARDS, or a combination of a
cytokine storm and ARDS if anti-SARS-CoV-2 IgM antibody, anti-SARS-CoV-2 1gG antibody,
or anti-SARS-CoV-2 IgM antibody and anti-SARS-CoV-2 1gG antibody are not detected in the

biclogical sample within the critical time.
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1124}  In some aspects of the above method, the at least one type of anti-B-coronavirus
antibody is an anti-P-coronavirus 1g(s antibody, an anti-B-coronavirus 1gM antibody, or an anti-
p-coronavirus Ig(s antibody and an anti-f-coronavirus IgM antibody.

[8025]  In other aspects of the above method, the biological sample 15 whole blood, serum,
plasma, saliva, a nasal mucus specimen, an oropharyngeal specimen, or a nasopharyngeal
specimen. In some aspects, the biological sample is whole blood. In other aspects, the
biglogical sample 15 serum. In yet other aspects, the biological sample is plasma. In yet other
aspects, the biological sample 1s saliva. In still other aspects, the biological sample is an
oropharyngeal specimen. In still vet other aspects, the biclogical sample is a nasopharyngeal
specimen. In still yet other aspects, the biological sample is a nasal mucus specimen. Insull yet
further aspects, the biclogical sample is an anal swab specimen.

{8038}  In some additional aspects, the isolated polypeptide used in the above method 15 a
fusion polypeptide.

{80271 In still further additional aspects, the isolated polypeptide used in the above method
has a length of sbout 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 536, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, B0, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
122,123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148 145 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217,218,219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254,
255,256,257, 258, 259, 260, 201, 202, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273,
274,275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292,
293, 294, 295, 296, 207, 298, 200, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,
312,313, 314, 315,316, 317, 318, 319, 320, 321, 322, 323, 324, 325,326, 327, 328, 329, 330,
331,332, 333,334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349,
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1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431,
1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445, 1446,
1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461,
1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476,
1477, 1478, 1479, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488, 1489, 1490, 1491,
1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499 or 1500 amino acids.

19928

in other aspects, the isolated polypeptide used in the above method is a C-terminal

domain of a nucleocapsid protein, said polypeptide having a length of about §, 6, 7, 8, 9, 10, 11,
12,13, 14,15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
3839, 40, 41, 42, 43, 44, 45 46, 47, 48, 49, 50, 51, 52, 53, 54. 55, 36, $7, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67. 68, 69, 70, 71, T2, 73, 74, 75,76, 77, 78, 79, R0, 81, 82, 83, 84, 85, 86, 87, 88, 89,
91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,

90,

112, 113, 114, 115,
131, 132, 133, 134,
150, 151, 152, 153,
169, 170, 171, 172,
188, 189, 190, 191,
207, 208, 209, 210,
226,227, 228, 229,
245, 246, 247, 248,

> >

264, 265, 266, 267,

340, 341, 342, 343, ;

285, 286,

5

2, 303, 304, 305, -

, 322,323,324

361, 362,

379, 380, 381,

7,398, 399, 400,

116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
173, 174, 175, 176, 177, 178,179, 180, 181, 182, 183, 184, 185, 186, 187,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244,
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263,
268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282,
287, 288, 289, 290, 201, 292, 293, 294

6, 307, 308, 309, 310, 311, 312,

295, 296, 297, 298, 299, 300, 301
326, 327, 328, 329, 330, 331, 332,

314,315,316, 317, 318, 319, 320,
3
345, 346, 347 349, 350, 351,

338, 339,
364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377,
382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 39
401, 402, 403, 404 or 405 amino acids.

3
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{88291 In yet still further aspects, the isolated polypeptide used in the above method 15 a C-

terminal domain of a nucleocapsid protein, said polvpeptide having a length of about 5, 6, 7, &,

9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34

10
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35,36, 37,38, 39, 40, 41, 42, 43, 44_ 45, 46, 47, 48, 49, 50, 51,32, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, T4, 75,76, 77, 78, 79, 80, 81, 82, 83, 84. 85, 86,
7. 88, 89, 00, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 19, 191, 192, 193, 194, 193, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224 205, 226, 227, 228, 220, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241,
242, 243, 244, 245, 246, 247, 248, 249 or 250 amino acids.

{80368]  In vet still further aspects the isolated polypeptide used in the above method is a
receptor binding domain (RBD) of a spike protein, said polypeptide having a length of about §,
6,7,8 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, S5, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78, 79, 80, &1, 82, 83, 84,
&5, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 105, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127,128, 120, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171,172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222,223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240,
241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259,
260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278,
279, 280, 281, 282, 283, 284, 2853, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297,
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314

17,318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330 3
6,337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 3
355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 36

W
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374,375,376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,
393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411,
412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449,
450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487,
488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506,
507, 508, 509, 510, 511, 512, 513, 514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525,
326, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 540, 541, 542, 543, 544

> >

s

>

545, 546, 547, 548, 549, 550, 551, §52, 553, 534, 553, 556, 557, 558, 559, 360, 561, 362, 563,
564, 565, 566, 567, S68, 569, 570, 371, 572, 373, 574, 575, 576, 577, 578, 579, 580, 581, 582,

)
W
~J

o I

583, 584, 585, 586, 587, 588, 389, 390, 591, 592, 303, 504, 595, 596, 597, 598, 99, 600, 601,
602, 603, 604, 605, 606, 607, 608, 600, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, 620,
621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 635, 636, 637, 638, 639,
640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 630, 651, 652, 653, 654, 655, 656, 657, 658,
639, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677,
678, 679, 680, 681, 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, 692, 693, 694, 6953, 696,
697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714, 715,
716, 717, TE8, T19, 720, 721, 722, 723, T24. 725, 726, 727, T28, 729, T30, 731, 732, 733, 734
7,738, 739, 740, TA1, 742, 743, 744, 745, 746, TAT, 748, 749, 750, 7
755, 756, 757, 758, 759, 760, 761, 762, 763, 764, 765, 766, 767, 768, 769, 770, 771,
776, 777, 778, 779, T80, 781, 782, 783, 784, 785, 786, 787, 788, 789, 790, 791,

.7 799, 800, 801, 802, 803, 804, 805, §06, 807, 808, 809, 810,
11,812, 813, 814, 815, 816, 817, 818, 819, 820, 821, 822, 823, 824, 825, 826, 827, 828, 829,
830, 831, 832, 833, 8 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, 848,
849, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, 866, 867,
868, 869, 870, 871, 872, 873, 874, 75, 876, 877, 878, 879, 880, 881, 882, 883, 884, 885, 886,
887, 838, 889, 890, 891, 892, 893, 894, 8§95, 896, 897, 898, 899, 900, 901, 902, 903, 904, 905,
906, 907, 908, 909, 910, OF1, 912, 913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, 924,
925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 939, 940, 941, 942, 943,
944, 945, 946, 947, 948, 949, 950, 951, 952, 933, 954, 955, 956, 957, 958, 959, 960, 961, 962,
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963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977, 978, 979, 980, 981,
982, 983, 984, 985 086, 087, 988, 989, 990, 991, 992, 993, 994, 995, 996, 997, 998, 999, 1000,
1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013, 1014, 1015,
1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030,
1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045,
1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060,
1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 1070, 1071, 1072, 1073, 1074, 1075,
1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090,
1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 1103, 1104, 1105,
1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114, 1115, 1116, 1117, 1118, 1119, 1120,
1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135,
1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145, 1146, 1147, 1148, 1149, 1150,
1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158, 1159, 1160, 1161, 1162, 1163, 1164, 1165,
1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1178, 1179, 1180,
1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190, 1191, 1192, 1193, 1194, 1195,
1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210,
1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220, 1221, 1222, 1223, 1224, 1225,
1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235, 1236, 1237, 1238, 1239, 1240,
1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255,
1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265, 1266, 1267, 1268, 1269, 1270,
1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 1280, 1281, 1282, 1283, 1284, 1285,
1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300,
1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315,
1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330,
1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1345,
1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, 1360,
1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375,
1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390,
1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400, 1401, 1402, 1403, 1404, 1405,
1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414, 1415, 1416, 1417, 1418, 1419, 1420,
1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435,
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1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445, 1446, 1447, 1448, 1449, 1450,
1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461, 1462, 1463, 1464, 1465,
1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1480,
1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488, 1480, 1490, 1491, 1492, 1493, 1494, 1495,
1496, 1497, 149€, 1499 or 1500 amino acids.

{8838  In some aspects, the at least one type of first specific binding partner comprises at least
one isolated polypeptide from a C-terminal domain of a nucleocapsid protein from a §-
coronavirus, wherein the method is carried out so that said specific binding partner specifically
binds to {a) an anti-B-coronavirus IgG antibody; (b) an anti-B-coronavirus Igh antibody; or (b}
both an anti-B-coronavirus IgG and an anti-B-coronavirus IgM antibody.

[8832]  In other aspects, wherein the at least one type of first specific binding partner
comprises at least one isolated polypeptide from a receptor binding domain (RBD) of a spike
protein from a P-coronavirus, wherein the method is carried out so that said specific binding
partner specifically binds to {a) an anti-B-coronavirus 1gG antibody; (b} an anti-B-coronavirus
IgM antibody; or (b) both an anti-B-coronavirus 1gG antibody and anti-B-coronavirus IgM
antibody.

{88331  In sull yet further aspects, the above method is carried out so that the at least one type
of first specific binding partner binds to (a) an anti-SARS-CoV-2 1gG antibody; (b) an anti-
SARS CoV-2 IgM antibody; or {¢) both an anti-B-coronavirus 1gG antibody and anti-B-
corenavirgs IgM antibody.

[8034]  In stifl yet other aspects, the at least one type of first specific binding partner s a C-
terminal domain nucleocapsid protein or variant thereof from that (1) bas an amino acid
sequence of SEQ 1D NO:1; {2) 1s a fusion protein comprising an injtiator amino actd methionine
and the sequences GPONQ (SEQ 1D NO: 21}, RSAPRITFG (SEQ ID NGO 7y, GPTDST (SEQ 1D
N:23), and amino acids 211 to 419 of SEQ ID NG:2; (3} 15 a fusion profein comprising an
mitiator amine acid methionine and the sequences GPQSNQG (SEQ 1D N(:22), RSAPRITFG
{SEQID NOT), GPTDST (SEQ ID NO:23), and anuno acids 211 to 419 of SEQ ID NG:Z; or (4)
has an amino acid sequence of amino acids 210 to 419 of SEG ID NO:2. In some aspects, the
variant of the nucleocapsid protein comprises: (i} an aming acid substitution replacing serine
with phenylalanine at position 235 (8235F) within amino acids 210 to 419 of SEQ 1D NO:2; or

{11) SEQ ID NO:24. In these aspects, the at least one type of first specific binding pariner binds

14
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to an {(a} anti-B-coronavires 1gG antibody; (b) anti-B-corenavirus IgM antibody, or {c) a
combination of (&) and {b). In other aspects, the at least one type of first specific binding partner
is a receptor binding domain of a spike protein or variant thereof from SARS-CoV-2Z (e.g., amino
acids 319 to 542 of SEQ ID NO:1S§ or SEQ 1D NG:17). In some aspects, the varant of the RBD
of a spike protein comprises one of more aming substitutions within aming acids 319 o 542 of
SEQ ID NOS:15 or 25 replacing lysine with asparagine at position 417, replacing glutamic acid
with lysine at position 484, and/or replacing asparagine with tyrosine at position 501

[8035)  In st further aspect of the above method, the at least one type of first specific binding
partner comprises at least one isolated polypeptide from a C-terminal domain of a nucleocapsid
protein from a P-coronavirus, whereimn said specific binding partner specifically binds to (a) an
antt-B-coronavirus fg(G antibody; (b} an anti-B-coronavirus 1gM antibody; or (b} both an anti-f-
coronavirus 1gG and anti-B-coronavirus IgM antibody. In some aspects, the at least one first
specific binding partner s a C-terminal domain nucleocapsid protein or variant thereof that (1)
has an amino acid sequence of SEQ 1D NO:1; (2) is a fusion protein comprising an inifiator
arino acid methionine and the sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ ID
NQO7), GPTDST (SEQ 1D NO:23), and anuno acids 211 10 419 of SEQ 1D NG:2; (3) 15 a fusion
protein comprising an mitiator amino acid methionine and the sequences GPQSNQ (SEQ ID
NG:22), RSAPRITFG (SEQ ID NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 to0 419
of SEQ 1D NOG:2; or {4) has an anuno acid sequence of aroino acids 210 to 419 of SEQ ID
NO:2y In some aspects, the variant of the nucleocapsid protein comprises: (1) an amino acid
substitution replacing serine with phenylalanine at position 235 (8235F) within amino acids 210
to 419 of SEQ ID NO2Z; or (1) SEQ ID NG:24. In these aspects, the at least one first specific
binding pariner binds to an {(a) anti-B-coronavirus 1gG antibody; (b) anti-B-coronavirus Ighd
antibody; and {¢) a combmation of () and (b}.

{80361  In sull further aspects of the above method, the at least one type of first specific
binding partner comprises at feast one solated polypeptide from a receptor binding domain of a
spike protein from a B-coronavirus, wherein said specific binding partner specifically binds to
{a} an anti-B-coronavirus 1gG antibody; and (b} an anti-B-coronavirus 1gM aniibody; or (b} both
an anti-B-corenavirus 1gG and anti-B-coronavirus fgM antibody. In some aspects, the at least
one type of first specific binding partner is a receptor binding domain of a spike protein or

variant thereof from SARS-CoV-2 {e.g., amino acids 319 to 542 of SEQ 1D NG:15 or SEGQ ID
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N(G17). In some aspects, the variant of the RBD of a spike protein comprises one or more aming
substitutions within amino acids 319 to 542 of SEQ 1D NOK:15 or 25 replacing lysine with
asparagine at position 417, replacing glutamic acid with tysine at position 484, and/or replacing
asparagine with tyrosine at position 501

188371 1n some aspects of the above method, the at least one type of second specific binding
partner is an antibody. Specifically, in some aspects, at least one type of second specific binding
pariner 1s an anti-species g (e.g., anti-human-fgG 1gG) antibody, an anti-species IeM (e g,
anti-human-IgM 1p(G) antibody, or an anti-species IgG {(e.g., anti-human-1g(G [¢) antibody, and
an anti-species IeM (e.g, anti-human-IgM 1gG} antibody.

{8038]  In stll vet further aspects, the method involves detecting at least one anti-SARS-CoV-
2 1eG antibody and/or at least one anti-SARS-CoV-2 1M antibody in at least one {e g.. single or
multiple) biological sample(s) from a subject. For example, in some aspects, the method
mvolves detecting:

{8039 (a) at least one anti-SARS-CoV-2 1gG antibody in at least one biological sample
obtained from a subject wherein the at least one type of first specific binding partner s a C-
terminal domain nucleocapsid protern or variant thereof that (1) has an amino acid sequence of
SEQ ID NG (2) 15 a fusion protemn comprising an initiator anuno acid methionine and the
sequences GPONGQ (SEQ ID NG:21), RSAPRITFG (SEQ ID NG, GPTDST (SEQ ID NG:23),
and anuno acids 211 10 419 of SEQ ID NG:2; (3) 15 a fusion protein comprising an mitiator
amino acid methionine and the sequences GPQSNG (SEQ ID N(O:22), RSAPRITFG (SEQ ID
N7y, GPTDST (SEQ 1D NO:23), and amino acids 211 to 419 of REQ ID NO:2; or (4) has an
aming aceid sequence of aming acids 210 to 419 of SEC 1D NO:2 and specifically binds to at
least one anti-SARS-CoV-2 IgG antibody, and/or

{B3348]  (b) at least one anti-SARS-CoV-2 1gM antibody in at least one biological sample
obtained 1 a subject wherein the at least one type of first specific binding partner wherein the at
{east one type of first specific binding partner 1s a receptor binding domain (RBD) of a spike
protein or variant thereof that has an ammno acid sequence of amino acids 319 1o 542 of SEQ 1D
NG15 or SEQ 1D NO:17 and specifically binds to at least one anti-SARS-CoV-2 IgM antibody,

and
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{343} wherein the at least one anti-SARS-CoV-2 I2( antibody and/or at least one anti-
SARS-CoV-2 IghM anitbody are detected in a single biological sample obtained from the subject
or in multiple biclogical samples obtained from the subject; and

{8042  further wherein, when at least one aniti-SARS-CoV-2 1gG antibody and at least one
anti-SARS-CoV-2 IgM antibody are detected simultaneously or sequentially, in any order, in a
single biological sample obtained from the subject or in multiple bislogical samples obtained
from the subject.

{68437  In some aspects, the above method employs a small volume of biological sample.
More specifically, in some aspects, the small volume of biclogical sample used in the method 13
from about 0.30 uL to about 0.40 uL. In some aspects, the small volume of biological sample
used in the method is at least about 0.30 uL, at least about .31 pL, at least about 0.32 ul, at
least about 0.33 pl., at least about 0.34 uL, at least about 0.35 plL, at least about 0.36 ub, at least
about 0.37 uL, at least about 0.38 pl, at least about 0.39 ul, or at least about 0.40 pl..

{8044}  In vet other aspects, the above method comprises diluting the biological sample prior
to or during the method. Specifically, in sore aspects, the diluting comprises mixing about 10
ul. of the hiological sample with about 290 pL of at least one butfer to form a biological
sampling mixture and using about 10 pL. of the bivlogical sampling mixture in the method. More
specifically, in some aspects, the above method, when determining the amount of at least one
antt-SARS-CoV-2 [gG antibody 1 at least one biological sample, comprises diluting the
biclogical sample prior to or during the method. Specifically, 1 some aspects, the diluting
comprises mixing about 10 pl. of the biglogical sample with about 290 L of at least one buffer
to form a biological sampling mixture and using about 10 L. of the biological sampling mixture
mn the method.

{33458 In yet still further aspects, the method further comprises detecting SARS-CoV-2 from
at least one {e.g., a single or multiple} biological sample(s} obtamed from the subject. In some
aspects, the SARS-CoV-2 18 detected by 1ts viral RNA using polymerase chain reaction, or by s
viral antigen. In other aspects, when multiple biological samples are obtamed, these can be at
the same or at different times. When the method comprises detecting (i} at least one anti-SARS-
CoV-2 1gG antibody; (11) at least one anti-SARS-CoV-2 1gM antibody; and (111} viral RNA or
viral antigen 1n a single or multiple biological samples obtained from a subject, the method

further comprises detecting whether the subject is in:
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18846} (o) an mital period of infection without any antibodies being produced, when the at
least one biological sample obtained from the subject is positive for viral RNA or viral antigen,
negative for anti-SARS-CoV-2 1gM antibodies, and negative for anti-SARS-CoV-2 1gG
antibodies; and/or

{9847} (b) an early acute phase of infection, and is developing an immaune response to the
virgs and producing antibodies, when the at least one biological sample obtained from the
subject 15 positive for viral RNA or viral antigen, positive for an anti-SARS-CoV-2 IgM
antibodies, and negative for anti-SARS-CoV-2 IgG antibodies; and/or

{8048}  (c) an early acute phase of infection or had a false negative viral RNA result or viral
antigen result, or a false positive anti-SARS-CoV-2 IgM antibody result, when the at least one
biclogical sample obtained from the subject is negative for viral RNA, positive for anti-SARS-
CoV-2 1gM antibodies, and negative for anti-SARS-CoV-2 IgG antibodies; and/or

18049]  (d) an acute phase of infection, and 1s progressing in an immune response, when the at
ieast one biological sample obtained from the subject is positive for viral RNA or viral antigen,
positive for anti-B-coronavirus IgM antibodies, and positive for anti-SARS-CoV-2 1gG
anttbodiss; and/or

[8858] (e} a late acute phase of infection, or has developed a recurrent infection with SARS-
CoV-2, when the at least one biological sample obtained from the subject is positive for viral
RNA or viral antigen, negative for anti-SARS-CoV-2 1gM antibodies, and positive for anti-
SARS-CoV-2 [g( antibodies; and/or

{88511 (D) a late acute phase of mfection or recovery phase, or had a false negative viral RNA
result, when the at least one biological sample obtamed from the subject 1s negative for viral
RNA or viral antigen, positive for anti-B-coronavirus IgM antibodies, and positive for anti-
SARS-CoV-2 Ig( antibodies; and/or

{80521 ({g) recovery phase when the at least one biological sample obtained from the subject 1s
negative for viral RNA or viral antigen, negative for anti-SARS-CoV-2 1gM antibodies and
postitve for anti-SARS-CoV-2 Ig( antibodies; and/or

{8853} (h) recovery phase when the at least one bislogical sample obtained from the subject is
negative for viral RNA or viral antigen and negative for antt-SARS-CoV-2 IgM antibodies and

anti-SARS-CoV-2 [g( antibodies.
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190584]  Sull further aspects of the above method invelve (1) at least one type of first specific
binding partner comprising at least one isolated polypeptide from a C<terminal domain of a
nucleocapsid protein from a B-coronavirus wherein said first specific binding partner
specifically binds to (a) an anti-B-coronavirus IgG antibody; (b} an anti-B-coronavirus IgM
antibody; or (b} both an anti-B-coronavirus Ig( antibody and anti-B-coronavirus 1gM antibody;
{11} at least one type of second specific inding pariner comprising isolated polypeptide from a
receptor binding domain of a spike protein from a B-coronavirus, wherein said second specific
binding partner specifically binds to (a) an anti-B-coronavirus IgG antibody; and (b} an anti-B-
coronavirus 1gM antibody; or (b} both an anti-B-coronavirus IgG antibody and anit-B-coronavirus
IeM antibody; and (11} at least one third specific binding partner comprising a detectable label
For example, in one aspect, the method involves (1) at least one first type of specific binding
partner comprising at least one isolated polypeptide from a C-termimal domain of a nucleocapsid
protein that (1) has an amino acid sequence of SEQ ID NQO:1 {e.g., SARS-CoV-2}; (2) 15 a fusion
protein comprising an imtiator amino acid methionine and the sequences GPONQ (SEQ 1D
NG:21), RSAPRITFG (SEQ ID NO7), GPTDST (SEQ 1D N(O:23), and amino acids 211 to 419
of SEQ ID NG:Z; (3) 15 a fusion protein comprising an initiator aromno acid methionine and the
sequences GPQSNQ (SEQ ID NG:22), RSAPRITFG (SEQ ID NOT), GPTDST (REQ ID
NG:23), and anuno acids 211 10 419 of SEQ 1D NG:Z; or (4) has an aromo acid sequence of
aroino acids 210 to 419 of SEQ ID NO:2, wherein said at least one type of first specific binding
partner specifically binds to an anti-B-coronavirus 1g( antibody; {11) at least one type of second
specific binding partner comprising an isolated polypeptide from a receptor binding domain
{RBD) of a spike protein from SARS-CoV-2Z{e.g., amno acids 319 to 542 of SEQ ID NO:15 or
SEQ ID NG:17), wheren said at least one type of second specific binding partner specifically
binds to an anti-B-coronavirus IgM antibody, aspects (111} at least one type of third specific
binding partner comprising a detectable label.  In some further aspects, the method comprises at
feast one type of fourth specific binding partner comprising a detectable label. The detectable
label used in the at least one type of fourth specific binding partner may be the same or different
than the label used in the at least one type of third specific binding partner.

[8055]  In yet another aspect, the above method involves determining an amount or quantity of
at least one type of anti-B-coronavirus aniibody, such as an anti-SARS-CoV-2 IgG antibody, ina

subject based on the amount of detectable signal assessed. In some aspects, the at least one type
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of first specific binding partner used in the method 15 a receptor binding domain (RBD} of a
spike protein or variant thereof that has an amino acid sequence of amino acids 319 o 542 of
SEQ 1D NG:15 or SEQ 1D NO:17 and specifically binds to at least one anti-SARS-CoV-2 1gG
antibody. In vet other aspects, the at least one type of second specific binding pariner used in the
method i3 anti-human-igG lgG antibody.

{8856} In vet other aspects of the above method, the method further comprises a pre-treatment
step done at the same time as, or prior to contacting the at least one type of first specific binding
partner, the at least one type of second specific binding partner, or the at least one first specific
binding partner and the at least one type of second specific binding pariner, with the biological
sample, and wherein the pretreatiment set optionally comprises treatment with anti-human IgG
{e.g, anti-human-1eG 1gG), anti-human IgM (e g, anti-human-IgM I¢G), or anti-human 1gG and
anti-human IgM {e.g., anti-human-IgG 1gG and anti-human-1gM 12G).

190371 ln yet still further aspects of the above method, the at least one type of first specific
binding partner is immobilized on a solid support. In other aspects, at least one type of second
specific binding partner s imnmobilized on a solid support. In other aspects, at least one type of
first specitic binding partner and at least one type of second specific binding partner are
mmmobilized on different solid supports. In vet further aspects, at least one type of first specific
binding partner and at least one type of second specific binding partner are immobilized on the
same solud support.

{B858]  In vet further aspects of the above method, the method is performed in less than about
20 minutes. In some aspect, the above method s performed o less than about S minutes. In
some aspects, the above method 15 performed in less than about 10 mimutes. In vet other aspeets,
the above method is performed mn less than about 20 munutes. In still further aspects, the above
method 15 performed ju about 1 minuie to about 20 munutes. In some aspects, the method is
performed in about 5 minutes to about 20 minutes. In some aspects, the method 18 performed in
about 15 minutes.

{68581 In still further aspects, the method 1s selected from the group consisting of an
immunoassay or a clinical chemistry assay. In other aspects, the method is performed using
single molecule detection, a lateral flow assay, or a point-of-care assay. . In some aspects, the
method is performed using an immunoassay. In other aspects, the method is performed using a

clinical chemistry assay. In yet other aspects, the method is performed using single molecule
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detection. In still other aspects, the method is performed using a lateral flow assay. In still other
aspects, the method is performed using a point-of-care assay.

19868}  In sull further aspects, the above method further comprises use with at least one
calibrator reagent, at least one control reagent, or at least one calibrator reagent and at least one
control reagent. Some aspects of the above method further comprise identifying a subject having
one or more anti-B-coronavirus fgG and/or anti-B-coronavirus IgM antibodies as a candidate
subject to provide a bislogical sample for use in convalescent therapy against a B-coronavirus.
In this aspect, a subject 15 identified as a candidate to provide a biological sample for use in
convalescent therapy if the level of one or more anti-f-coronavirus IgG and/or anti-B-
coronavirus IgM antibodies is from at least about 100 BAU/mL to about 490 BAU/mL; at least
about 110 BAU/mL to about 490 BAU/mL; at least about 200 BAU/mL to about 490 BAU/mL;
at least from about 300 BAU mL to about 490 BAU/mL; at least about 400 BAU mL to about
490 BAU/mL; at least about 100 BAU/mL; at least about 110 BAU/mL; at least about 120
BAU/mL; at least about 130 BAU/mL; at least about 140 BAU/mL; at least about 150 BAU/mL;
at least about 160 BAU/mL; at least about 170 BAU/mL; at least about 180 BAU/ml.; at least
about 190 BAU/mol; at least about 200 BAU/mL; at least about 210 BAU/mL,; at least about 220
BAU/mL; at least about 230 BAU/mL; at least about 240 BAU/mL; at least about 250 BAU/ml;
at feast about 260 BAU/mL; at least about 270 BAU/mL.; at least about 280 BAU/mL,; at least
about 290 BAU/mL; at least about 300 BAU/mL.; at least about 300 BAU/mL; at least about 310
BAU/MmML: at least about 320 BAU/mL.; at least about 330 BAU/mL; at least about 340 BAU/mL.;
at least about 350 BAU/mL; at least about 360 BAU/mL,; at least about 370 BAU/mL.; at least
about 330 BAU/mL.; at least about 390 BAU/mL,; at least about 400 BAU/mL,; at least about 460
BAU/mL.; at least about 410 BAU/mL; at least about 420 BAU/mL,; at least about 430 BAU/ml,;
at feast about 440 BAU/mL; at least about 450 BAU/mL; at least about 460 BAU/mL; at least
about 470 BAU/mL; at least about 480 BAU/mL,; or at least about 490 BAU/mlL.

{33631 Other aspects of the above method further comprise identifving a subject baving one
or more anti-B-coronavirus 1g(s and/or anti-§-coronavirus IgM aniibodies as a candidate subject
to provide a biological sample for use in convalescent therapy against a B-coronavirus. In this
aspect, a subject is identified as a candidate to provide a biological sample for use in
convalescent therapy if the level of one or more anti-B-coronavirus IgG and/or anti-B-

coronavirus ieM antibodies is from at feast about 500 BAU/mL to about 650 BAU/mL; at least
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about S50 BAU/mL to about 650 BAU/mL; at least about 500 BAU/mL; from at least about 510
BAU/mL; at least about 520 BAU/mL; at least about 530 BAU/mL,; at least about 540 BAU/mL;
at least about 550 BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL.; at least about
560 BAU/mL; atleast about 570 BAU/mL; at least about 580 BAU/mL; at least about 590
BAU/mL; at least about 600 BAU/mL; at least about 610 BAU/mL; at least about 620 BAU/mL,;
at least about 630 BAU/mL; at least about 639 BAU/mL; at least about 640 BAU/mL.; or at least
about 650 BAU/mbL.

{8062}  In stil further aspects, in the above method, the subject: (1) is naive and was not
previously vaccinated against SARS-CoV-2; (2) 1s naive (a naive subject is a subject that has not
been exposed to the SARS-CoV-2 antigen previously) and was previously vaccinated against
SARS-CoV-Z; (3) 1s currenily infected with SARS-CoV-2 and was not previously vaccinated
against SARS-CoV-2; (4) is currently infected with SARS-CoV-2 and was previously vaccinated
against SARS-CoV-2; (5) was previously infected with SARS-CoV-2, recovered, and was not
previously vaccinated against SARS-CoV-2; or {(0) was previously infected with SARS-CoV-2,
recovered, and then was vaccinated against SARS-CoV-2,

{8083]  In still further aspects, the above method 5 performed to: (a) determine whether the
subject can be administered a current vaccine for SARS-CoV-2; or {b) monitor the subject
following the current vaccine or previous vaccination, based on detecting the presence of at least
one type of anti-SARS-CoV-2 antibody in the sample {(e.g., for example, the subject can be
monttored for one or more post-vaceine symptoms or side-effects, such as, for example, one or
more of fatigue or malaise, headache, dizziness, or hightheadedness, fever or chills, muscle, bone,
joint of nerve symptoms, nausea, vomiting, diarrhea, or other digestive symptoms, sleep changes,
swollen lymph node, skin/nail or face changes, eye, ear, mouth or throat changes, cought, chest
or breathing symptoms and/or memory or mood changes). Still further, in this aspect, the
method 18

performed regardless of variation in tuming and/or severity of prior infection with SARS-CoV-2.
{6864} In still further aspects, the above method comprises determining that the a current
vaccine for SARS-CoV-2:

{8863}  (a) can be administered to the subject when no anti-SARS-CoV-2 antibodies, no anti-

SARS-CoV-2Z neutralizing 1g( antibodies, or an amount of anti-SARS-CoV-2 I antibody or

22



WO 2021/211332 PCT/US2021/026149

anti-SARS-CoV-2 neutralizing IgG antibody that is insufficient to impart immunity, is detected
in the biological sample; and/or

19866}  (b) should not be administered to the subject if an amount of anti-SARS-CoV-2
anttbody or anti-SARS-CoV-2 neutralizing 1gG antibody that is sufficient to impart immunity 1s
detected in the biological sample.

{8067F  In stifl vet further aspects, the above method comprises obtaining the biological
sample within a time frame after the subject has received etther the current vaccine or previous
vaccination for SARS-CoV-2 of at least one day, at least 2 days, at least 3 days, at least 4 days, at
least S days, at least 6 days, at least 7 days, at least & days, at least 9 days, at least 10 days, at
least 11 days, at least 12 days, at least 13 days, at least 14 days, at least 15 days, at least 16 days,
at least 17 days, at least 18 days, at least 19 days, at least 20 days, at least 21 days, at least 22
days, at least 23 days, at least 24 days, at least 25 days, at least 26 days, at least 27 days, at least
28 days, at least 29 days, at least 30 days, at least 31 days, at least 32 days, at least 33 days, at
least 34 days, at least 35 days, at least 36 days, at least 37 days, at least 38 days, at least 39 days,
at least 40 days, at least 41 days, at least 42 days, at least 43 days, at least 44 days, at least 45
days, at least 46 days, at least 47 davs, at least 48 days, at feast 49 days, or at least 50 days.
{8868}  In still yet other aspects, the biological sample is obtained within about 7 to about 21
days after a subject has received either the current vaccine or g previous vaccination.

{8069F  In sull further aspects, the above method comprises determining that at least one
further vaccine for SARS-CoV-2:

[8878F  {(a} can be admuustered to the subject after the current vaceine if no anti-SARS-CoV-2
antibodies, no anti-SARS-CoV-2 neutralizing 1g(G antibodies, and/or an amount of ant1-SARS-
CoV-2 Igly antibody or anti-SARS-CoV-2 neutralizing TgG antibody that 1s nsufficient to impart
mmunity, 1s detected 1n the bislogical sample obtamed from the subject; or

{8071 (b} should not be administered to the subject after the current vaccine if an amount of
anti-RARS-CoV-2 antibody or anti-SARS-CoV-2 1g( neutralizing antibody that 1s sufficient to
impart rnmunity is detected i the biological sample obtained from the subject.

8872} As used in the above methods, the amount of anti-SARS-CoV-2 antibody or anti-
SARS-CoV-2 neutralizing 1gG antibody sufficient to impart immunity s from at least about 100
BAU/mL to about 490 BAU/mL,; at least about 110 BAU/mL to about 490 BAU/mL; at least
about 200 BAU/mL o about 4950 BAU/mL; at least from about 300 BAU mL to about 490
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BAU/mL; at least about 400 BAU mL to about 490 BAU/mL; at least about 100 BAU/mL; at
least about 110 BAU/mL; at least about 120 BAU/mL; at least about 130 BAU/mL; at least
about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL; at least about 170
BAU/mL; at least about 180 BAU/mL; at least about 190 BAU/mL,; at least about 200 BAU/mL,;
at least about 210 BAU/mL; at least about 220 BAU/mL; at least about 230 BAU/mL; at least
about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/mL; at least about 270
BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL; at least about 300 BAU/mL;
at least about 300 BAU/mL; at least about 310 BAU/mL; at least about 320 BAU/mL; at least
about 330 BAU/mL; at least about 340 BAU/mL; at least about 350 BAU/mL; at least about 360
BAU/mL; at least about 370 BAU/mL: at least about 380 BAU/mL: at least about 390 BAU/mL;
at least about 400 BAU/mL; at least about 400 BAU/mL; at least about 410 BAU/mL; at least
about 420 BAU/mL; at least about 430 BAU/mL; at least about 440 BAU/mL; at least about 450
BAU/mL; at least about 460 BAU/mL; at least about 470 BAU/mL; at least about 480 BAU/mL;
or at least about 490 BAU/mL.

{88731 In other aspects, in the above methods, the arnount of anti-SARS-CoV-2 antibody or
anti-SARS-CoV-2 IgG nevtralizing antibody sufficient to iropart tmmunity 1s from at least about
500 BAU/mL to about 650 BAU/mL,; at least about 550 BAU/mL to about 650 BAU/mL,; at least
about 500 BAU/mol.; from at least about 510 BAU/mL,; at least about 520 BAU/mL; at least
about 530 BAU/mL; at least about 540 BAU/mL; at least about 550 BAU/mL to about 6530
BAU/MmML: at least about 550 BAU/mL; at least about 560 BAU/mL; at least about 570
BAU/mL; at least about 580 BAU/mL; at least about 590 BALU/mL,; at least about 600 BAU/mL,;
at feast about 610 BAU/mL; at least about 620 BAU/mL,; at least about 630 BAU/mL; at least
about 639 BAU/mL; at least about 640 BAU/mL,; or at least about 650 BAU/mlL.

{3874} As used in the above methods, the phrase “at least one further vaccine” encompasses a
scenario where a first or current vaccine 18 adminiatered to a subject followed {at some later
period in time} by an additional or further at least one vaccine (g.g., N+ 1 {(where N 13 a first or
current vaccine plus an additional or further vaccine}, N+2 {where N 1s a first or corrent vaccine
plus an additional or further two vaccines), N+3, N+4, N+5, N+6, N+7, N+8, N+9, N+10to N+
N’ {(where N7 1s an integer from 1 to 1000, from 1 to 500, from 1 to 100}).
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78] In still forther aspects, the anii-SARS-CoV-2 neutralizing antibody is an anti-SARS-
CoV-2 1gG antibody that 1s an anti-nuclescapsid (N) antibedy, an anti-spike antibody, or any
combination thereof.

[8876F  In stll further aspects, the above method comprises {a) monitoring the sebject for anti-
B-coronavirus, optionally, SARS-CoV-2, IgG and/or IgM antibodies; {(b) treating the subject for
a B-coronavirus, optionally, SARS-CoV-2; (¢} monitoring the subject for anti-f-coronavirus,
optionally, SARS-CoV-2, 1gG and/or 1gM antibodies and treating the subject for g -
coronavirus, optionally, SARS-CoV-2; or {d) treating the subject for a B-coronavirus, optionally,
SARS-CoV-2 and monitoring the subject for anti-B-coronavirus, optionally, anti-SARS-CoV-2,
12 and/or fgM antibedies.

188771 In vet other aspects, the above method can be used in an automated system or a semi-
automated system.

19878}  ln vet anocther aspect, the present disclosure relates to a method of predicting outcome
m a subject that is or was imfected with SARS-CoV-2. This method comprises the steps of
{8879} a) detecting an anti-SARS-CoV-2 1g(s antibody in at least one biological sample
obtained from the subject within a fust ten days after onset of symptoms of SARS-CoV-2
mfection;

{30861 b) detecting an anti-SARS-CoV-2 IgM anttbody in the at least one biclogical
sample obtained from the subject within the first ten days after onset of symptoms of SARS-
CoV-2 infection;

(8081} ¢} determining which of the anti-SARS-CoV-2 Ig(s or anii-SARS-CoV-2 IgM
antibody detected in 3} and b} first appears n the subject;

{80821 d) predicting that the subject 1s more likely to have an unfavorable outcome 1f
anti-SARS-CoV-2 Ig(G antibody first appears in the subject prior to the appearance of anti-
SARS-CoV-2 IgM antibody; and

{83 e} predicting that the subject 13 more likely to have an favorable outcome f anti-
SARS-CoV-2 Ig( antibody first appears in the subject at the same time or after the appearance
of anti-SARS-CoV-2 IgM antibody.

{8084  In some aspects in the above method, the subject is hospitalized for symptoms of

SARS-CoV-2Z.
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18885} 1n some aspects in the above methoed, (i} the anti-SARS-CoV-2 1gG antibody and the
one anti-SARS-CoV-2 IgM antibody are detected in the same biological sample; or (it} the anti-
SARS-CoV-2 IgG antibody and the anti-SARS-CoV-2 IgM antibedy are detected in different
biological samples. In yet other aspects of the above method, the anii-8ARS-2 1gG antibody and
the anti-SARS-CoV-2 IgM antibody are (1) detected on the same day within the first ten davs
after onset of symptoms; (i1} detected on different days within the first ten days after the onset of
symptoms.

[6086]  In still yet other aspects of the above method, the anti-SARS-CoV-2 IpG antibody is
detected in at least one biclogical sample obtained from the subject within the first day after the
onset of symptoms, within the second day after the onset of symptoms, within the third day after
the onset of symptoms, within the fourth day after the onset of symptoms, within the fifth day
after the onset of symptoms, within the sixth day after the onset of symptoms, within the seventh
date after the onset of symptoms, within the eighth day after the onset of symptoms or within the
ninth day after the onset of symptoms.

{88871  In still yet other aspects of the above method, the anti-SARS-CoV-2 IgM antibody s
detected i at least one biological sample obtained from the subiect within the first day after the
onset of symptoms, within the second day after the onset of symptoms, within the third day after
the onset of symptoms, within the fourth day of infection, within the fifth day after the onset of
symptoms, within the sixth day after the onset of symptoms, within the seventh date after the
onset of symptoms, within the eighth day after the onset of symptoms or within the ninth day
after the onset of symptoms.

{BOBBI  In still further aspects, the unfavorable outcome is death. In yet further aspect, the
favorable outcome 13 survival, particularly, for subjects that are hospitalized. In still further
aspects, the method 1s selected from the group consisting of an immunoassay or a clinical
chemistry assay. In other aspects, the method 1s performed using single molecule detection, a
lateral flow assay, or a poing-of-care assay. In some aspects, the method 18 performed using an
mmmunoassay. In other aspecis, the method is performed using a chinical chemistry assay. In yet
other aspects, the methed is performed using single molecule detection. In still other aspects, the
method is performed using a lateral flow assay. In still other aspects, the method s performed

using a point-of-care assay.
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1389 In vet another aspects, the present disclosure relates to a method of determining
SARS-CoV-2 immune status of a subject. The meathod involves the steps of:

19898}  a) determining an amount of at least one anti-SARS-CoV-2 1eG antibody and/or anti-
SARS-CoV-2 126G neutralizing antibody 1n at least one biological sample obtained from a
subject; and

{8093 b)) determining the subject’s SARS-CoV-2 immune status, wherein the subject 1s
determined to have immunity 1o SARS-CoV-2 when the amount of anti-SARS-CoV-2 1gG
antibody and/or anti-SARS-CoV-2 g neutralizing antibody 1s (2} from at least about 550
BAU/mL to about 650 BAU/mL; or (b} from at least about 100 BAU/mL to about 490 BAU/mL,
where the method is performed irrespective of (a) the subject’s prior infection and/or vacciation
history with SARS-CoV-2, or (b} whether there is anv knowledge of the subject’s prior infection
and/or vaccination history with SARS-CoV-2.

198921  1n some aspects of the above method, the subject has not previously been infected with
SARS-CoV-2 In other aspects of the above method, the subject has previously been infected
with SARS-CoV-2. Instill vet other aspects of the above method, the subject has not previously
been vaccinated for SARS-CoV-2. In vet other aspects of the above method, the subject has
previgusly been vaccinated for SARS-CoV-2.

{393]  In some aspects of the above method, the immune status of the subject is that the
subject has immunity to SARS-CoV-2. In yet other aspects of the above method, the immune
status of the subject 1s that subject does not have mnmunty to SARS-CoV-2. In still further
aspects, the method 1s selected from the group consisiing of an immunocassay or a chinical
chemistry assay. In other aspects, the method 1s performed using single molecule detection, a
lateral flow assay, or a pomni-of-care assay. In some aspects, the method 1s performed using an
mmunoassay. In other aspects, the method 1s performed using a clinical chemistry assay. Inyet
other aspects, the method 1s performed using single molecule detection. In still other aspects, the
method 1s performed using a lateral flow assay. In still other aspects, the method 15 performed
using a point-gf-care assay.

{8084}  In vet other aspects, the above method is for use in an automated system or a semi-
automated system.

18039581 In vet another aspect, the present disclosure relates to a method of predicting outcome

i a subject that is or was infected with SARS-CoV-2. The method comprises the steps of:
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18396} a} obtaining a signal-to-calibrator ratio (8/CO) from an assay of at least one anti-
SARS-CoV-2 Igh anitbody 1n at least one biological sample obtained from the subject at least
ten days after onset of symptoms of SARS-CoV-2; and

jaa97| b} predicting that the subject 1s more likely than not to have an unfavorable
outcome if the 8/CO ratio of anti-SARS-CoV-2 IgM antibody determined in the biclogical
sample is equal o or greater than about 10 §/CO.

{8998  In the above method, the subject is hospitalized for symptoms of SARS-CoV-2.
{80991 In still further aspects, the method 15 selected from the group consisting of an
wnmunoassay or a clinical chemistry assay. In other aspects, the method s performed using
single molecule detection, a lateral flow assay, or a point-of-care assay. In some aspects, the
method is performed using an immunoassay. In other aspects, the method is performed using a
clinical chemustry assay. In yet other aspects, the method 1s performed using single molecule
detection. In still other aspects, the methed is performed using a lateral flow assay. In still other
aspecis, the method is performed using a poini-of-care assay . In vet other aspects, the above
method is for use 1 an automated system or a semi-automated system.

{8198]  Additionally, the present disclosure relates to a kit for performing the above method.
Such a kit can comprise:

{818y a. at least one type of first specific binding partner comprising at least one -
coronavirus solated polypeptide or vanant thereof selected from a C-terminal domain
nucleocapsid protein, a receptor binding domain (RBD) of a spike protem, or a C-terminal
domain nucleocapsid protein and a receptor binding domain of a spike proten from a -
coronavirus; and

{81624 b. at least one type of second specific bindmg partner comprising at least one
detectable label.

{81831 In the above kit, the at least one type of first specific binding partner 13 a C-terminal
domamn nucleocapsid protein or variant thereof that (1} has an amino acid sequence of SEQ 1D
NO:1; (2} 15 a fusion protein comprising an imtiator amino acid methioning and the sequences
GPONQ (SEQ ID NOZ1), RSAPRITFG (SEGQ ID NO7), GPTDST (SEGQ ID NO:23), and
amino acids 217 to 419 of SEQ ID NO:Z; (3) 1s a fusion protein comprising an mitiator amino
acid methionine and the sequences GPOQSNQ (SEQ 1D NO:22), RSAPRITFG (SEQ ID NO.7),
GPTDRT (SEQ 1D NG:23), and amino acids 211 to 419 of SEQ 1D NO:2; or (4} has an amino
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actd sequence of amino acids 210 to 419 of SEQ D NG:2. In some aspects, the variant of the
nucleocapsid protein comprises: (i) an aming acid substitution replacing serine with
phenylalanine at position 235 (8235F) within aming acids 210 to 419 of SEQ 1D NO:2Z; or (11}
SEQ ID NO:24.

{9184}  Alternatively, in the above kit, the at least one type of first specific binding partneris a
receptor binding domain (RBD) of a spike protein that has an amino acid sequence of amino
acids 319 to 542 of SEQ 1D NG:15 or SEQ ID NO:17. In some aspects, the variant of the RBD
of a spike protein comprises one or more amine substitutions within amino acids 319 10 542 of
SEQ ID NOS: 15 or 25 replacing lysine with asparagine at position 417, replacing glutamic acid
with lysine at position 484, and/or replacing asparagine with tyrosine at position 301

[8185]  In vet other aspects, the kit can comprise:

{8188} a. at least one type of first specific binding partner comprising at least one B~
coronavirus isolated polypeptide or variant thereof selected from a C-terminal domain
nucleccapsid protein;

{8187} b. at least one type of second specific binding partner comprising a receptor
binding (RBD) domain of a spike protein; and

[8188] ¢ at least one type of third specific binding partner comprising at least one detectable
fabel. Optionally, in some aspects, the kit can contain at least one type of fourth specific binding
partner that comprises a detectable label.

18188  In the above kit, the at least one type of first specific binding partner comprises a C-
terminal domain nucleocapsid protem or variant thereof that (1} has an amino acid sequence of
SEQ 1D NG:1; (2) 1s a fusion protein comprising an initiator amino acid methionine and the
sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D NO:23),
and amino acids 211 to 419 of SEQ ID N(G:2; (3} 15 a fusion protem comprising an initiator
amino acid methionine and the sequences GPQSNQ (SEQ 1D NO:22), RSAPRITFG (SEQ 1D
NO:T7), GPTDST (SEQ 1D NO:23), and amno acids 211 t0 419 of SEQ 1D NG:2; or (4} has an
amino acid sequence of amine acids 210 to 419 of SEQ 1D NG:2 and the at least one second
specific binding partner comprises a receptor binding domain of a spike protein or a variant
thereof from SARS-CoV-2 (e o, amingo acids 319 to 542 of SEQ ID NO:15 or SEQ 1D NG:17).
In some aspects, the variant of the nucleocapsid protein comprises: (i) an amino acid substitition

replacing serine with phenylalanine at position 235 (8235F) within amino acids 21010 419 of
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SEQ ID NG:2; or (i) SEQ 1D NG:24. In some aspects, the variant of the RBD of a spike protein
comprises one or more amino substitutions within anmino acids 319 to 542 of SEG ID NOS: 1S or
25 replacing lysine with asparagine at position 417, replacing glutamic acid with lysine at
posttion 484, and/or replacing asparagine with tyrosine at position 501,

19118}  Additionally, in some aspects, the kit can further comprise or be configured to be used
with, at least one calibrator reagent, at least one control reagent, or at least one calibrator reagent
and at least one control reagent.

{8111} In some further aspects, the kit can further comprise at least one solid support. In
some further aspects, the kit can further comprise at least two solid supports.

{9113} In stll vet further aspect, the kit comprises or can be configured to be used with, at
least one pretreatment reagent.

{8113}  In some aspects, in the above kit, the 1solated polvpeptide is a fusion polypeptide.
18114} In sull further aspects, the isolated polypeptide i the kit has a length of about 5, 6, 7,
8,910, 11,12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 2425, 26, 27, 28 29,30, 31, 32, 33,
34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 39,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76, 77, 78,79, 80, 81, 82, §3, &4, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
100, 110, FEY, 112, 113, 114, 115, 11s, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224,225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241,
242,243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,
261, 262, 263, 204, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278, 279,
280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298,
299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317,
18,319, 320, 321,322, 323, 324, 325, 326, 327, 328,329, 330, 331, 332, 333,

7,338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352,
356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372,373, 3
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(O8]
(4

75,376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393,
394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410,411, 412,
413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431,
432,433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
451, 452, 453, 454, 455, 456, 457, 458, 450, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469,
470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488,
489, 400, 491, 492, 493, 494, 495, 496, 407, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507,
508, 509, 510, 511, 512, 513, 514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 5
527, 528, 529, 530, 531 533, 534, 535, 536, 537, 538, 539, 340, 541, 542, 543
546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 557, 538, 539, $60, 561, 562, 563, 564,
65, 566, 567, 568, 569, 570, 571, 572, 573, 574, 575, 576, 577, 378, 579, 580, 581
584, 583, 586, 587, 588, 389, 390, 591, 592, 393, 594, 595, 596, 597, 598, 599,
603, 604. 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, 620, 621
622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 635, 636, 637, 638, 639, 640,
641, 642, 643, 644, 645, 646, 647, 648, 649, 650, 651, 652, 633, 654, 655, 656, 657, 658, ¢
660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677, 678,
679, 680, 681, 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, 692, 693, 694, 695, 696, 697,
698, 599, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714, 715, 716,
TVT,TI8. TEO, 20, T21, 722, 723, T24, 725, 726, 727, 728, 729, T30, 731, 732, 733, 734, 735
737,738, 739, 740, 741, TA2, T43, 744, T45, 746, 747, 748, 749, 750, 751, 7
761,762, 763, 764, 765, 766, 767, 768, 769, 770, 771, 772, 773
774, 775, 776, 777, 778, 779, T8O, T81, 782, 783, 784, 785, 786, 787, 788, 789, 790, 791, 792,
793, 794, 795, 796, 797, 798, 799, 800, 801, BO2, 803, 804, 305, 806, 807, 808, 809, 810, 811,
812, 813, 814, 815, 816, 817, 818, 819, 820, 821, 822, 823, 824, 825, 826, 827, 828, 829, 830,
831, 832, 833, 834, 835, 836, 837, 838, 839, B40, B41, 842, 843, 844, 845, 846, 847, 848, 849,
RS0, 8ST, 852, 853, 854, 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, 866, 867, 868,
869, 870, 871, 872, 873, 874, 875, €76, 877, 878, 879, 880, 881, 882, 883, 884, 885, 886, 887,
888, 880, 890, 891, 892, 893, 894, 895, 806, 807, &98, 899, 900, 901, 902, 903, 904, 905, 906,
907, 908, 909, 910, 911, 912, 913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, 924, 925,
926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 939, 940, 941, 942, 943, 944,
945, 946, 947, 948, 949, 950, 951, 952, 953, 954, 955, 956, 957, 958, 959, 960, 961, 962, 963,
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964, 965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977, 978, 979, 980, 981, 982,
983, 984, 985, 986, 087, 088, 989, 990, 991, 992, 993, 904, 995, 996, 997, 998, 999, 1000, 1001,
1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016,
1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031,
1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046,
1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060, 1061,
1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076,
1077, 1078, 1079, 1080, 1081, 1082, 1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091,
1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106,
1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121,
1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136,
1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151,
1152, 1153, 1154, 1155, 1156, 1157, 1158, 1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166,
1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181,
1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196,
1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211,
1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226,
1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241,
1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256,
1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265, 1266, 1267. 1268, 1269, 1270, 1272,
1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 1280, 1281, 1282, 1283, 1284, 1285, 1286,
1287, 1288, 1289, 1290, 1251, 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301,
1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316,
1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331,
1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1345, 1346,
1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, 1360, 1361,
1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375, 1376,
1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390, 1391,
1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400, 1401, 1402, 1403, 1404, 1405, 1406,
1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414, 1415, 1416, 1417, 1418, 1419, 1420, 1421,
1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435, 1436,
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1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445, 1446, 1447, 1448, 1449, 1450, 1451,
1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461, 1462, 1463, 1464, 1465, 1466,
1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1480, 1481,
1482, 1483, 1484, 1485, 1486, 1487, 1488, 1489, 1490, 1401, 1492, 1493, 1494, 1495, 1496,
1497, 1498, 1499 or 1500 amino acids.

{8115} In sull further aspects, the isolated polypeptide in the kit comprises a C-terminal
domain nuclescapsid protein, said polypeptide having a length of about 5, 6, 7, &, 9, 10, 11, 12,
13,14, 15,16, 17, 18, 19,20, 21,22, 23, 24,25, 26, 27, 28, 2%, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41,42, 43,44, 45, 46,47, 48, 49, 50, 51, 32, 53, 54, 55,56, 37, 538, 39, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69,70, 71, 72,73, 74, 75, 76, 77,778, 79, 80, §1, 82, 83, 84, 85, 86, &7, 88, §9, 90,
91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112,113, 114, 115, 116, 117, 118, 119,120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, V70, V71, 172, 173, 174, 175,176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207,208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226,227, 228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244,
245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263,
264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277. 278, 279, 280, 281, 282,
283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301,
302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 31§, 319, 320,
321,322, 323,324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338,
340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 353, 356, 357, 358,
359,360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377,
378,379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396,
397, 398, 399, 400, 401, 402, 403, 404 or 405 amino acids.

2

{9116} In vet still further aspects, the isolated polypeptide in the kit 15 a C-terminal domain of
a nucleocapsid protein, said polypeptide having a length of about 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 4546, 47, 48, 49, 50, 51,52, 53, 54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
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67, 68, 69, 70, 71,72, 73, 74,75, 76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 9596, 97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 120, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151,
152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,
171,172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189,
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 203, 206, 207, 208,
209, 210,211,212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227,
228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 2485, 246,
247, 248 249 or 250 amino acids.

{81171 In sull further aspects, the isolated polypeptide m the kit is a receptor binding domain
{RBD) of a spike protein, said polypeptide having a length of about 5,6, 7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, S0, 51, 52, 53, 54, 55, 36, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,78, 79, B0, 81, 82, 83, 84, &3, 86, 87, 83, 89, 90, 91,
92,93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151,152, 153, 154, 1SS, 156, 157, 158, 139 160, 161, 162, 163, 164, 165, 166, 167, 168, 169,
170, 171, V72,173,174, 175, 176, 177, 178, 179, 180, 181, 182, 133, 184, 185, 186, 187, 185,
189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207,
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
207,228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245,
246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264,
265, 266, 267, 268, 269, 270, 272,272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283,
284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302,
303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321
322323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, L 337,338, 339, 340,
343,344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359,
, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395,396, 397,
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398, 399, 400, 401, 402, 403,
7,418, 419, 420, 421, 422,
436, 437, 438, 439, 440, 441,
456, 457, 458, 459, 460,
474, 475, 476, 477, 478, 479,
494, 495, 496, 497, 498,
512,513, 514, 515, 516, 517,
532, 533, 534, 535, 536,
550, 551, 552, 553, 554, 555
569, §70, 571, 572, 573, 574,
388, 589, 590, 591, 592, 593,
GOR, 609, 610, 611, 612,
626, 627, 628, 629, 630, 631
646, 647, 648, 649, 650,
664, 665, 666, 667, 668, 669,
683, 684, 685, 686, 687, 688,
702, 703, 704, 708, 706, 707
721,722, 723, 724, 725, 726,
740, 741, 742, 743, 744, 745
762, 763

2, 779, 780, 781, 782, 783,
797, 798, 799, 800, 801, 802,
816, 817, 818, 819, 820, 821,
835, 836, 837, 838, 839, 840,
854, 855, 856, 857, 858, 859,
874, 875, 876, 877, 878,
892, 893, 894, 895, 896, 897,
911,912, 913, 914, 915, 916,
930, 931, 932, 933, 934, 935,
949, 950, 951, 952, 953, 954,
968, 969, 970, 971, 972, 973,

5]

bl

1,765, 766, 767, 768, 769, 770, 7

404, 405, 406, 407, 408, 409, 410,
423, 424, 425, 426, 427, 428, 429,
442, 443, 444, 445, 446, 447, 448,
461, 462, 463, 464, 465, 466, 467,
480, 481, 482, 483, 484, 485, 486,
499, 500, 501, 502, 503, 504, 505,
518, 519, 520, 521, 524,
537, 838, 539, 540, 541, 542, 543,
556, 557, 558, 559, 560, 561, 562,
575, 576, 577, 578, 579, 580, 581,
594, 595, 596, 397, 598, 599, 600,
613, 614, 615, 616, 617, 618, 619,
632, 633, 634, 635, 636, 637, 638,
651, 652, 653, 654, 655, 656, 657,
670, 671, 672, 673, 674, 675, 676,
689, 690, 691, 692, 693, 694, 695,
708, 709, 710, 711, 712, 713, 714
727,728, 729, 730, 731, 732, 733,
746, 747, 748, 749, 750, 751, 752

~3
s

784, 785, 786, 787, 788, 789, 790,
803, 804, 803, 806, &07, 808, 809,
822, 823, 824, 825, 826, 827, 828,
B41, 842, 843, 844, 845, 846, 847,
860, 861, 862, 863, 864, 865, 866,
879, 880, 881, 882, 883, 884, 885,
898, 899, 900, 901, 902, 903, 904,
917. 918, 919, 920, 921, 922, 923,
936, 937, 938, 939, 940, 941, 942,
955, 956, 957, 958, 959, 960, 961,
974, 975, 976, 977, 978, 979, 980,
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411, 412, 413, 414, 415, 416,
430, 431, 432, 433, 434, 435,
449, 450, 451, 452, 453, 454,
468, 469, 470, 471, 472, 473,
487, 488, 489, 490, 491, 492,
506, 507, 508, 509, 510, 511,
525, 526, 527, 528 530,
544, 545, 546, 547, 548, 549,
563, 564, 565, 566, 567, S68,
582, 583, 584, 583, 586, 587,
601, 602, 603, 604, 605, 606,
620, 621, 622, 623, 624, 625,
639, 640, 641, 642, 643, 644,
658, 639, 660, 661, 662, 663,
677, 678, 679, 680, 631, 682,
696, 697, 698, 699, 700, 701,
715,716, 717, 718, 719, 720

36, 737, 738, 739,
753, 754, 755, 756, 757, 758,
775, 776,
791, 792, 793, 794, 795, 796
810, 811, 812, 813, 814, 815,
829, 830, 831, 832, 833, 834,
B48, 849, 850, 851, 852, 853,
867, 868, 869, 870, 871, 872,
836, 887, 388, 889, 890, 891,
905, 906, 907, 908, 909, 910,
924, 925, 926, 927, 928, 929,
943, 944, 945, 946, 947, 048,
962, 963, 964, 965, 966, 967,
981, 982, 983, 984, 985, 986,
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987, 088, 989, 990, 991, 992, 993, 994, 995, 996, 997, 998, 999, 1000 or 1001, 1002, 1003,

1004, 1005, 1006, 1007,
1019, 1020, 1021, 1022,
1034, 1035, 1036, 1037,
1049, 1050, 1051, 1052,
1064, 1065, 1066, 1067,
1079, 1080, 1081, 1082,
1094, 1095, 1096, 1097,
1109, 1110, 1111, 1112,
1124, 1125, 1126, 1127,
1139, 1140, 1141, 1142,
1154, 1155, 1136, 1157,
1169, 1170, 1171, 1172,
1184, 1185, 1186, 1187,
1199, 1200, 1201, 1202
1214, 1215, 1216, 1217,
1229, 1230, 1231, 1232,
1244, 1245, 1246, 1247,
1259, 1260, 1261, 1262,
1274, 1275, 1276, 1277,
1289, 1250, 1291, 1292,
1304, 1305, 1306, 1307,
1319, 1320, 1321, 1322,
1334, 1335, 1336, 1337,
1349, 1350, 1351, 1352,
1364, 1365, 1366, 1367,
1379, 1380, 1381, 1382,
1394, 1395, 1396, 1397,
1409, 1410, 1411, 1412,
1424, 1425, 1426, 1427,
1439, 1440, 1441, 1442,

1008, 1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018,
1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033,
1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048,
1053, 1054, 1055, 1036, 1057, 1058, 1059, 1060, 1061, 1062, 1063,
1068, 1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078,
1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093,
1098, 1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108,
1113, 1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123,
1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138,
1143, 1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153,
1158, 1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168,
1173, 1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183,
1188, 1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198,
1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213,
1218, 1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228,
1233, 1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243,
1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258,
1263, 1264, 1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273,
1278, 1279, 1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288,
1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303,
1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318,
1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333,
1338, 1339, 1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348,
1353, 1354, 1355, 1356, 1357, 1358, 1359, 1360, 1361, 1362, 1363,
1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378,
1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393,
1398, 1399, 1400, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408,
1413, 1414, 1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423,
1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438,
1443, 1444, 1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453,
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1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468,
1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 1483,
1484, 1485, 1486, 1487, 1488, 1489, 1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498,
1499 or 1500 amino acids.

19118]  In vet other aspects, the kit contains at least one second, third, fourth, or fifth type of
specific binding partner which 1s an anti-human-Ig(G 1gG antibody, an anti-human-igM IgG
antibody, or an anti-human-lgG IgG antibody and an anti-humen-fgh IgG antibody. For
example, in some aspects, the kit contains at least one type of second specific binding pariner
which is an anti-human-IgG [gG antibody, an anti-human-IgM IgG antibody, or an anti-human-
1oG 1eG antibody and an anti-human-1gM 1gG antibody. For example, in yet other aspects, the
kit coniains at least one type of third specific binding partner which is an anti-human-1gG IpG
antthody and at least one type of fourth specific binding pariner which 1s an anti-human-Igh IeG
antibody.

{8118 In still further aspects, the kit can be adapted for use with an automated or semi-
automated system.

{8128]  The present disclosure also relates to a system for detecting an anti-B-coronavirus
antibody 1 a biological sample obtained from a subject. Such a system can comprise:

{8128 at least one type of first specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-terminal domam nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domain nucleocapsid protemn
and a receptor binding domain of a spike protein from a B-coronavirus that specifically binds to
at least one anii-B-coronavirgs antibody and at least one type of second specific binding pariner
comprising at least one detectable label; and

{31221 at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti-f-coronavirus antibody
in the sample.

{61231 In some aspects, the system for comprises determining the amount, level and/or
concentration of at least one type of anti-B-coronavirus {such as anti-SARS-CoV or anti-SARS-
CoV-2) antibody 1 a brological sample based on the amount of at least one label detected from

the complex. In yet further aspects, the amount, level and/or concentration of an anti-SARS-
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CoV-2 antibody is determined in the system. For example, in vet other aspects, the amount,
level and/or concentration of a anti-SARS-CoV-2 1gG antibody is determined in the system.
19124}  In some aspects, the at least one type of first specific binding partner is a C-terminal
domain nucleocapsid protein or variant thereof that {1} has an amino acid sequence of SEQ 1D
NG, €2) 15 a fusion protein comprising an initiator amino acid methionine and the sequences
GPQNQ (SEQ ID NO:21), RSAPRITFG (SEQ D NO:7), GPTDST (SEQ 1D NO:23), and
amino acids 211 t0 419 of SEQ 1} NG:2; (3} 1s a fusion protein comprising an initiator amino
acid methionine and the sequences GPQSNGQ (SEQ 1D NG:22), RSAPRITFG (SEQ 1D NGT),
GPTDST (SEQ 1D NO:23), and amino acids 211 t0 419 of SEQ 1D NG:2; or (4) has an amino
acid sequence of amino acids 210 to 419 of SEG ID NG Z. In some aspects, the variant of the
nucleocapsid protein comprises: (i) an amino acid substitution replacing serine with
phenylalanine at position 235 (823 5F) within amino acids 210 to 419 of SEQ 1D NO:2; or (iy)
SEQ 1D NG:24. In these aspects, the at least one type of first specific binding partner binds to
an (a8} anti-B-coronavirus Ig( antibody or (b} anti-B-coronavirus IgM antibody. In other aspects,
the at least one type of first specific binding pariner 13 a receptor binding domain of a spike
protein ot variant thereof from SARS-CoV-2 (e g., anmuno acids 319 10 542 of SEQ ID NGS5 or
SEQ ID NG:17). In some aspects, the variant of the RBD of a spike protein comprises one or
more aming substitutions within amino acids 319 to 542 of SEQ ID NOS:15 or 25 replacing
lysine with asparagine at position 417, replacing glutamic acid with lysine at position 484, and/or
replacing asparagine with tyrosing at position 501,

{81281 In yet other aspects, the system for detecting at least one type of anti-B-coronaviras
antibody i a biological sample obtained from a subject can comprise:

{81261  at least one type of first specific binding pariner comprising at least one B-coronavirus
isolated polypeptide or variant thereof from a C-termunal domain nucleocapsid proteis, at feast
one type of second specific binding partner comprising at least one B~coronavirus isolated
polypeptide or variant thereof from a receptor binding domain of a spike protein and at least one
type of third specific binding partner comprising at least one detectable label; and

1127 at least one type of device for detecting the at least one label from the complex.
Optionally, in some aspects, the system can comprise at least one type of fourth specific binding

partner comprising at least one detectable label.
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18128}  In some aspects, the at least one type of first specific binding partner is a C-terminal
domain nucleocapsid protein or vasiant thereof that (1) has an amino acid sequence of SEQ 1D
NO:1; €2) 15 a fusion protein comprising an initiator amino acid methionine and the sequences
GPONQ (SEQ ID NG:21), RSAPRITFG (SEQ 1D NG7), GPTDST (SEQ 1D NG:23), and
amino acids 211 to 419 of SEQ 12 NO:2; (3) is a fusion protein comprising an utiator aming
acid methionine and the sequences GPQSNG (SEQ 1D NO:22), RSAPRITEG (SEQ 1D NG7),
GPTDST (SEQ ID NO:23), and anuno acids 211 t0 419 of SEQ 1D NG:2; or (4} has an amino
acid sequence of amino acids 210 to 419 of SEQ ID NO:Z and the at least one type of second
specific binding partner s a receptor binding domain (RBD) of a spike protein or variant thereof
from SARS-CoV-2 (e.g., amino acids 319 to 542 of SEQ D NO:15 or SEQ ID NO:17). In some
aspects, the variant of the nucleocapsid protein comprises: (i} an amino acid substitution
replacing serine with phenvlalanine at position 23S (8Z35F} within amino acids 210 to 419 of
SEQ D NG:Z; or () SEQ 1D NOG:24. 1n some aspects, the variant of the RBD of a spike protein
comprises one of more aming substitutions within amine acids 319 1o 542 of SEQ ID NOS: 15 or
25 replacing lvsine with asparagine at position 417, replacing glutanuc acid with lysine at
position 484, and/or replacing asparagine with tyrosine at position 501,

{81281 In some aspects, the device for detecting the label from the complex in the above
systern 15 automated or semi-automated.

{8138} In vet other aspects, the at least one type of anti-B-coronavirus antibody detected in the
above systern 13 an anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody. Specifically, in
other aspects, the at least one type of anti-B-coronavirus antibody 15 an anti-SARS-CoV IgG
antibody, an anti-SARS-CoV IgM antibody, an anti-SARS-CoV-2 IgG antibody, an anti-SARS-
CoV-2Z IgM antibody, or any combination thereof

{3131} Insull a further aspect, the at least one type of second specific binding partner in the
system 1s an anti-human-Ig IgG anttbody, an anti-human-Ight Ig(G antibody, or an anti~buman-
1oG g and anti-human-IgM 1gG antibody.  In still a further aspect, the system comprises at
least one type of third specific binding partner which i3 an anti-human-lgG 1gG antibody and at
least one type of fourth specific binding partner which 1s an anti-human-1gM 1gG antibody.
{81321  In yet other aspects, the above system further comprises determining an amount of at
ieast one type of anti-B-coronavirus antibody, such as an anti-8ARS-CoV-2 1gG antibody, based

on the amount of label detected from the at least one complex. In vet other aspects, the at least

g
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one type of first specific binding partner used in the system 18 a receptor binding domain (RBD)
of a spike protein or variant thereof that has an amino acid sequence of amino acids 319 to 542
of SEQ ID NO:15 or SEQ 1D NG:17 and specifically binds to at least one anti-SARS-CoV-2 12G
antibody. In still further aspects, the at least one type of second specific binding partner used in
the system is an anti-human-gG gG antibody.

{8133]  In stifl further aspects, in any of the above methods, the anti-SARS-CoV-2 antibody
detected or determined specifically binds to a variant:

{6134 a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NG:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (8235F); (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino actd position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (S)
replacing alanine with threonine at amino acid position 376 {A3767T); or {6} any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited 10 (1)-(3);

{8138} b} of the RBD of a spike protemn having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NG 15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N): (2) replacing lysine with threonine at
amoino acid position 417 (K417T); (3) replacing leucine with arginine at arono acid position 452
{L452R); (4) replacing serine with asparagine at amine acid position 477 (8477N); (5) replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
tyrosine at amino acid position 501 (N301Y); or (7) any combinations of {1)-(6), either alone or
combined with any other substitutions and/or deletions in amino acids 319-542 of SEQ 1D

N 135 other than those recited in (1)-(6); or

{8136} ¢} from a SARK-CoV-2 virus comprising any combination of a) and b),

137 Inany of the above mentioned kits, the at least one type of anti-P-coronaviras antibody
detected or determined 1s an anti-SARS-CoV-2 antibody that specifically binds fo a variant:
18138}  a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (8235F); (2) replacing methionine with isoleucine

at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position

40



WO 2021/211332 PCT/US2021/026149

373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5}
replacing alanine with threconine at amine acid position 376 {A3767T); or {6) any combinations of
{1)-(5}, etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1} NO:2 other than those recited in (1)-(5);

191391 b) of the RBD of a spike protein having one or more substitutions, deletions ora
substitution and deletion at positions 319-542 of SEQ 1D NO:1S comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threonine at
amuine acid posttion 417 (K417, (3) replacing leucine with arginine at amuno acid position 452
{L452R); (4) replacing serine with asparagine at aming acid position 477 {(8477N); (5) replacing
elutamic acid with lysine at amino acid position 484 (E484K); () replacing asparagine with
tyrosine at amino acid position 501 (N301Y); or {7} any combinations of {1)-{5), either alone or
combined with any other substitutions and/or deletions i aming acids 319-542 of SEQ 1D

N 135 other than those recited in (1)-{¢); or

{8146} ¢} from a SARS-CoV-2 virus comprising any combination of a) and b).

{8141} In any of the above systems, the at least one type of anti-B-coronavirus antibody
detected 1s an anti-SARS-CoV-2 antibody that specifically binds to a varant:

{8142} a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 {S235F); (2) replacing methionine with soleucine
at amino acid position 234 (M2341); (3) replacing lysine with asparagine at amino acid position
373 (K373N}, (4} replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)
replacing alanine with threonine at amino acid position 376 (A376T}; or (6} any combinations of
{1)-(5), either alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ ID NGO.2 other than those recited in (1)-(5);

{81431  b) of the RBD of a spike protem having one or more substitutions, deletions ora
substitution and deletion at positions 319-542 of SEQ 1D NG:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N}; (2) replacing lysine with threonine at
amino acid position 417 (K4177T}; (3) replacing leucine with arginine at amino acid position 452
{L452R); {4) replacing serine with asparagine at amine acid position 477 (8477N}; {5) replacing
glutamic acid with lysine at aming acid position 484 (E484K)}; (6} replacing asparagine with

tyrosine at amino acid position 5301 (N301YY); or (7} any combinations of {1)-(6}, either alone or
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combined with any other substitutions and/or deletions in amino acids 319-342 of SEQ ID
NQO:15 other than those recited in (13-(6); or

19144 ¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

{8145}  The present disclosure also relates to an improvement of a method of detecting an at
ieast one type of anti-B-coronavirus antibody in a bislogical sample, wherein the method
comprises detecting a complex comprising at least one type of {irst specific binding partner, said
sample anti-B-coronavirus antibody, and at least one type of second specific binding partner
comprising at least one detectable label, wherein the improvement comprises using at least one
type of first specific binding partner comprising at least one isolated polypeptide from a C-
terminal domain of a $-coronavirus nucleocapsid protein or a variant thereof.

[8146]  The present disclosure also relates to an improvement of a method of detecting at least
one type of anti-B-coronavirus antibody in a biclogical sample, wherein the method comprises
detecting a complex comprising at least one first specific binding partner, said sample anti-p-
coronavirus antibody, and at least one type of second specific binding partner comprising at least
one detectable label, wherein the umprovement comprises using at least one type of first specific
binding partner comprising at least one isolated polypeptide from a receptor binding domam
{RBD) of a B-coronavirus spike protein or a variant thereof.

{81471  The present disclosure also relates to an improvement of a method or system for
determining an amourd of an anti-SARS-CoV-2 IoG antibody in a subject based on the amount
of detectable signal assessed, wherein the improvement comprises: (a) a linear assay range of up
o 50,600 AU/mL; (b) determuning an amount in arbitrary units {e.g., Al/mL} rather than an
mdex; and/or (¢) improved detection of positive samples as compared to other assays.

{83148  In any of the above improvements, the at least one type of anti-B-coronavirus antibody
detected 15 an anti-SARS-CoV-2 antibody that specifically binds to a vanant:

{81481 a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NG:2 comprising: {1) replacing serine
with phenylalanine at amino acid position 235 {S235F}; (2) replacing methioning with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)

replacing alanine with threonine at aming acid position 376 (A376T); or {6} any combinations of
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{13-(5}, either alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1} NO:2 cther than those recited in (1)-(5);

19158} b of the RBD of a spike protein having one or more substitutions, deletions ora
substitution and deletion at positions 319-542 of SEQ 1D NO:1S comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threonine at
amino acid position 417 (K41771); (3} replacing leucine with arginine at anuno acid position 452
(L45ZRY; (4) replacing serine with asparagine at aming acid position 477 (S477N); (5) replacing
elutamic acid with lysine at amino acid position 484 (E484K); (&) replacing asparagine with
tyrosine at amino acid position 501 (NS01Y); or (7} any combinations of {1)-(6), either alone or
combined with any other substitutions and/or deletions in amino acids 319-542 of SEQ ID
NO:15 other than those recited m (1)-(6); or

{8151 ¢} from a SARS-CoV-2 virus comprising any combination of a) and b).

18182}  In vet another aspect, the present disclosure relates to a system for assessing whether a
subject 15 likely to have immunity from infection from SARS-CoV-2 in a biological sample
obtained from a subject. In this aspect, the system comprises:

{8183}  at least one type of first specific binding partuer comprising at least one type of B-
coronavirus solated polypeptide or variant thereof selected from a C-termunal domain
nucleocapsid protem, a receptor binding domain (RBD) of a spike proten, or a C-terminal
domain nucleocapsid protein and a receptor binding doman (RBD) of a spike protein from at
{east one type P-coronavirus that specifically binds to at least one type of anti-SARS-CoV-2
anttbody and at least one type of second specific binding partner comprising at least one
detectable label,

{83841 at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti-SARS-CoV-2 antibody
m the sample; and

{188 a means for assigning a differentiative rating indicating whether the subject s bkely to
have immunity from infection from SARS-CoV-2 based on the presence or amount of at least
one type of anii-SARS-CoV-2 antibody detected in the sample.

[8136]  In some aspects of the system, the differentiative rating is a color and/or number
rating. In other aspects of the system, the color and/or number rating 1s displayed on a mobile

device through a mobile application.
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181871 In still further aspects of this system, the variant:

{8158}  a)is of the C-terminal domain of a nucleocapsid protein having one or more
substitutions, deletions or a substitution and deletion at positions 210-419 of SEQ 1D NG:2
comprising: (1) replacing serine with phenylalanine at amino acid position 235 {S235F); (2
replacing methionine with isoleucine at amino acid position 234 (M2341); (3} replacing lysine
with asparagine at amino acid position 373 (K373N); (4) replacing aspartic acid with tyrosine at
aming acid position 377 (B377Y); (5) replacing alanine with threonine at amino acid position 376
(A376T); or (6} any combinations of (1}-(5), either alone or combined with any other
substitutions and/or deletions in amino acids 210-419 of SEQ D NQO:2 other than those recited in
(D-5);

{8159  b)is the RBD of a spike protein having one or more substitutions, deletions ora

substitution and deletion at positions 319-542 of SEQ 1D NO:15 comprising (1) replacing lysine

with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at

amino acid position 417 (K4177y; (3) replacing leucine with arginine at anuno acid position 452

{L452R); (4) replacing serine with asparagine at anino acid posttion 477 (8477N); (5) replacing

glutarnic acid with lysine at amino acid position 484 (E484K); (&} replacing asparagine with

tyrosine at ammno acid position 301 (N301Y); or {7) any combmnations of (1)-(5), either alone or

combined with any other substitutions and/or deletions 1 amino acids 319-5342 of SEQ ID

N 1S other than those recited in (13-(6); or

{8168] ¢} compnises any combination of a) and b).

[8163]  In some aspects of the system, the device for detecting the label from the complex is

automated or semi-automated. In further aspects in the system, the device for detecting the label

from the complex 1s semi-automated and compnises uploading the differentiative rating using g

bar code.

{81621  In sull further aspects of the system, the at least one type of anti-SARS-CoV-2

antibody s an anti~-SARS-CoV-2 1gG antibody, an anti-SARS-CoV-2 IgM antibody, or any

combination thereof. In vet still further aspects of the system, the at least one type of second
specific binding partner is an anti-species IgG {e g, anti-human-1g( {gG) antibody, an anti-
species {gM (e.g., anti-human-1gM 1gG) antibody, or an anti-species [g( {e.g., anti-human-lgG
1gG) antibody, and anti-species IgM (e.g., anti-human-IgM IoG) antibody. In still further aspects

of the system, the at least one type of first specific binding partner is a receptor binding domain
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{RBD) of a spike protein or variant thereof that has an amino acid sequence of amino acids 319
t0 542 of SEQ ID NG:15 or SEQ ID NO:17. In yet further aspects of the system, the at least one
type of first specific binding partner binds to (a) an anti-SARS-CoV-2 1gG antibody, (b} an anti-
SARS-CoV-2 IgM antibody, or {¢) combinations of (a} and (b}.

BRIEF DESCRIPTION OF THE DRAWINGS

19163}  FIG 1 provides the amino acid sequence of a nucleocapsid protein from a strain of
SARS-CoV-2 (SEQ 1D NO:2) and SARS-CoV (SEQ ID NG:14).

{9164} FIG. 2 provides an alignment between aming acids 1-422 of CoV {SARS-CoV,; SEQ
1D NO:14) and amino acids 1-419 of CovZ (SARS-CoV-2; SEQ D NO:2).

181681  FIG. 3 provides a diagram illustrating the structure of a fusion protein comprising at
ieast 3 amino acids of the N-terminal domain {NTD) of a B-coronavirus operably linked or
grafted on to at least 5 amino acids of the C-terminal domain {C'TD) of the same or different -
coronavirus. In some aspects, a fuston protein can comprise a methionine initiator residue
operably linked or grafted on to amino acids 5 to 25 of SEG ID NO:14 or amino acids S to 24 of
SEQ 1D NQ:2 operably linked or grafted (such as by one or more polypeptide linkers and/or HIS
tags} on to amino acids 211 to 419 of SEQ 1D NO:2 (or the analogous region from SEQ ID
NO:14). Other vanations are possible. For example, 10 some aspects, the fusion protern can
comprise an epitope for the monoclonal antibody CR3018 (described 10 van den Brink et al ) g
Virol 79(3Y:1635-1644 (February 2005) and U.S. Patent No. 7,696,330} fused at the N-terminal
end of the CTD (“epitope-grafied CTIY” fusion proten or peptide). More specifically, i this
aspect, a fusion protein comprising methionine as the starting amuno acid operably hinked or
grafted on to an epitope comprising at least amino acids RNAPRITFG (SEQ ID NO:6) or
RSAPRITFG (SEQ ID NO.7), which in turn, are operably linked or grafted on to the N-ternunal
end of the CTD, e.g., amino acids 211 to 419 of SEQ 1D NO:2 (or the analogous region from
SEQ 1D NO:14}. In some aspects, there may be one or more additional sequences operably
hinked or grafted on to the starting amino acid methionine, such as, for example, GPOQNQ (REQ
1D NO:21) or GPQSNGQ (SEQ ID NO:22), which in turn, can be operably Hoked or grafted on to
an epitope comprising at feast amino acids RNAPRITFG (SEQ ID NO16) or REAPRITFG (SEQ
1D NO: 7}, which furthermore, are operably linked or grafted on to the N-terminal end of the

CTD, e.g, amuno acids 211 to 419 of SEQ 1D N2 {or the analogous region from SEQ ID
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N(G:14). In another aspect, the fusion protein comprises the initiator amino acid methionine and
the sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NO7), GPTDST (SEQ 1D
N(:23), and aming acids 211 t0 419 of SEQ 1D NO:2. In still yet another aspect, the fusion
protein comprises the initiator amino acid methionine and the sequences GPQSNG (SEQ ID
NG:22), RSAPRITEG (SEQ 1D NO7), GPTDST (SEQ 1D NG:23), and amino acids 211 10 419
of SEQ 1D NO:2.

3166]  FIG. 4 provides a sequence listing comprising SEQ ID NOS. 1 -25 For SEQ ID
NO:2, the CTD of the nucleocapsid protein of SARS-CoV-2 {amino acids 210-419) i1s indicated
in underlining and italics. Additionally, at amino acid position 235 shown in underlining, italics
and bold in SEQ ID NGO:2 a serine can be replaced with a phenylalanine at this position (known
as S235F).

{8187} FIG. 5 provides the kinetics of viral and host biomarkers in SARS-CoV-2 infection.
The incubation phase or initial period of infection is an asymptomatic period when a subject does
not exhibit any symptoms of a SARS-CoV-2 infection. The incubation phase or initial period
can last for a period of about 0 to about 14 days after infection. During the incubation phase or
mitial period, viral RNA and/or viral antigen become detectable. After mcubation phase or intial
period of wnfection, the subject progresses to an active phase of wfection. Tnitally, the subject
enters an early acute phase of infection. The early acute phase 1s the phase when the subject
starts to experience the onset of one or more symptoms of a SARS-CoV-2 mfection and begins
to develop an immune response to the virus and begins to produoce antibodies. The early acute
phase may last for 4 pertod of about 0 to about 14 days after the onset of symptoms. During the
early acute phase, viral RNA and/or viral antigen are detectable and anti-SARS-CoV-2 IgM
antibodies become detectable. After the early acute phase, the subject progresses {o the acute or
active phase of infection (not shown). Puring the acute phase of infection, the symptomns of
SARS-CoV-2 wfection worsen (e.g., the subject may have to be hospitalized, may need oxvgen
support, ete.}, the immune response of the subject continues o progress, viral RNA and/or viral
antigen are detectable, anti-SARS-CoV-2 IgM antibodies are detectable and anti-SARS-CoV-2
1pG antibodies become detectable. The acute phase may last for for a period of about 0 to about
14 days after the onset of worsening symptoms of the virus.  After the acute phase, the subject
progresses into the late acute phase. The late acute phase is the stage when the subject starts to

recover from the SARS-CoV-2 infection and one or more symptoms of infection begin to
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improve, lessen and/or disappear. The late acute phase may last for a period of about 1 day to
about 28 days. Druring the late acute phase, viral RNA and viral antigen levels start to decline
and eventually are not detectable, anti-SARS-CoV-2 IgM antibodies are detectable and anti-
SARS-CoV-2 IgG antibodies are detectable. The convalescence or recovery phase of infection
begins after the late acute phase. During this period, the subject no fonger exhibits any
symptoms of SARS-CoV-2 infection and viral RNA and viral antigen are no longer detectable,
anti-SARS-CoV-2 IgM antibodies begin to decline and eventually become non-detectable, and
anti-SARS-CoV-2 IgG antibodies remain in the blood and provide long-term immunity for the
subject.

{8168} FIG. 6, as described in Example §, shows that subjects who had an unfavorable
outcome {(i.e., died) had a signuificantly higher anti-SARS-CoV-2 IgM signal {13.8 S/CO, 11.2-
12.5) later post-symptom onset {e.g., at least 10 days post-symptom onset, or, e.g., day eleven or
iater}.

{8168}  FIG. 7 shows the probability profile using a plaque reduction neutralization test
{PRNT) at D=0 at a 1:250 dilution as a representative high titer as described n Example 9.
{8178 TIG. 8 shows that the assay of Example 7 can be used without additional dilution on
an Abbott ARCHITECT mstrument when monitoring vaccine response in subjects receiving a
SARS-CoV-2 vaccine. Dose 1 was measured at about 3 weeks post-immunization and dose 2
was measured about 2 weeks after subjects received a booster {e.g, second vaccination with a
SARS-CoV-2 vaceine). Specificaily, the assay of Example 7 shows guantification of 98.8% of
anti~-SARS-CoV-2 1gG antibodies within the extended measuring interval (EM1) with automated
dilution and 90.6% within the upper hmit measuring intervai (ULMI) with no difution.

{81711 FIG. 9 shows the SARS-CoV-2 anti-spike (8} protemn 1gG responses of persons to
vaccination with BNT162b2 (Pfizer-BiNTech) mRNA vaccine as described in Example 10, The
box plots display the median values with the mterquartile range Jower and upper hinge) and
+1.5 fold the mterquartile range from the first and third quartile (fower and upper whiskers).
Two-sided Wilcoxon tests were used, without adjustment for multiple testing, to conduct the
following between-group comparisens: {1) infection naive (n=903) and those with prior
mfection {n=78}, both at baseline (P<<0.001); (2) infection naive {n=490} and those with prior
mfection (n=35) both following dose 1 (P<C.001}; (3) infection naive (n=228) and those with

prior infection {n=11), both following dose 2 (P<0.001}); {4} infection naive (n=490} following
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dose 1 and those with prior mfection (n=78} at baseline (P<<0.001); and (5} infection naive
{n=228} following dose 2 and prior infection (n=35} following dose 1 (P=0.92).

1721 FIG 10 shows the SARS-CoV-2 anti-nucleocapsid (N} protein 1g(s responses {o
MmRNA SARS-CoV-2 vaccination with BNT162b2 (Phizer-BiNTech) in persons with and without
prior SARS-CoV-2 infection as described in Example 10. The box plots display the median
values with the interquartile range (lower and upper hinge) and £1.5 fold the interquartile range
from the first and third quartile (fower and upper whiskers). Two-sided Wilcoxon tests were
used, without adjustment for multiple testing, to conduct the following between-group
comparisons: {1) infection naive (n=903) and those with prior infection (n=78)}, both at baseline
{P<0.001); (2) infection naive {n=490)} and those with prior infection (n=35) both following dose
1 {(P<0.001); (3) infection naive (n=228) and those with prior mfection (n=11), both following
dose 2 {(P<0.001}; (4) infection naive {n=490) following dose 1 and those with prior infection
{n=78) at baseline (P<0.001}; and (§) infection naive (n=228) following dose 2 and prior
mfection (n=35} following dose 1 (P<0.001).

81731 FIG. 11 shows ACE2 antibody binding capacity 1o persons with and without prior
SARS-CoV-2 mfection as described n Example 10, The box plots display the median values
with the mterquartile range (lower and upper hinge) and £1 .5 fold the interquartile range from
the first and thurd quartile (lower and upper whiskers). Two-sided Wilcoxon tests without
adjustments were used for multiple testing, to conduct the following between-group
comparizons: {1} infection naive (n==450} and those with prior infection (=35} both following
dose 1 {P<0.001}; {2) infection naive (n=228) and those with prior infection {(n=11}, both
following dose 2 (P<0.001}; and (3) infection naive {n=228) following dose 2 and those with
prior infection {n=35) following dose 1 (P=0.52).

{3174} FIG 12 shows the difference in post-vaccination symptoms in persons with and
without prior SARS-CoV-2 infection who received the BNT162b2 (Phizer-BiNTech) mRNA
vaceine as described in Example 10, Specifically, the bar graphs display the frequency and
severity of symptoms reported following each dose of vaccine adnunistered, by prior infection
status.

[8178]  FIG. 13 shows various aspects of the ULMI and EMI for the assay described in
Example 7. For example, in one aspect, the ULMI for the assay described in Example 7 can be

from about 15,500 to about 40,000 AU/mL and/or the EMI can be from about 40,000 to about
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80,000 AU/mL, or in other aspects, the ULMI can be from about 15,500 to about 25,000
AU/mL and/or the EMI can be from about 25,000 to about 50,000 AU/mL.

DFETAILED DESCRIPTION

{8176}  The present disclosure relates to methods, kits, systems and algorithms to detect the
presence of or determine the amount, concentration and/or level of at least one type of anti-p-
coronavirus {such as SARS-CoV or SARS-CoV-2) antibody {e.g., oG and/or Igh} in a sample.
In some aspects, the methods, kits and systems described herein are used as an aid n the
determination of a subject’s immumne status to SARS-CoV-2. Specifically, in one aspect, the
methods of the present disclosure mvolve contacting at least one sample obtained from a subject
{either simultaneously or sequentially, in any order), with at least one type of first specific
binding partner comprising at least one type of B-coronavirus (such as SARS-CoV or SARS-
CoV-2) 1solated polypeptide or variant thereof, (2.2, a B-coronavirus (such as SARS-CoV or
SARS-CoV-2) recombinant antigen comprising an isolated polypeptide or variant thereof)
which s {a} a C-terminal domain nucleocapsid protein or variant thereof from a B-coronavirus
{such as, for example, SARS-CoV or SARS-CoV-2); (b} a receptor binding domain (RBD) of a
spike protein or varnant thereof from a B-coronavirus {such as, for example, SARS-CoV or
SARS-CoV-2}; or (¢} a C-terminal domain nucleocapsid proten or variant thereof and a receptor
binding dovoain of a spike protein or variant thereof from a P-coronavirns (such as, for exarmple,
SARS-CoV or SARS-CoV-2), wherein said polypeptide specifically binds to at least one anti-j3-
coronavirus antibody (e g, TeG and/or IgM} in the sample and at least one type of second
specific binding partner comprising a detectable tabel to produce one or more types of first
complexes comprising the first specific binding partner-B-coronavirus antibody-second specific
binding partner. In some aspects, the least one type of second specific binding partneris a
human TgG antibody, a human IgM antibody or a human 1gG and/or IgM antibody. In other
aspects, the at least one type of specific binding pariner 15 a human Ig( anti-B-coronavirus
antibody, human [gM anti-B-coronavirus antibody, or a human 1gG anti-B-coronavirus antibody
and human IgM anti-B-coronavirus antibody. A signal from the one or more types of first
complexes are assessed {e.g., detected). Specifically, the amount of the detectable signal from
the detectable label indicates the presence or amount of at least one type of anti-B-coronavirus

anttbody i the sample.
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177 The biological sample used in the methods of the present disclosure may be obtained
from an asymptomatic subject or from a subject exhibiting one or more symptoms of infection
with at least one type of f-coronavirus (e.g., SARS-CoV or SARS-CoV-2). The methods of the
present disclosure also include treating a subject identified as having at least one type of B-
coronaviras with one or more B-coronavirus treatments and optionally, monitoring such subjects,
such as before, during and/or after receiving such treatments.

I8178]  In another aspect, the present disclosure relates to kits for performing such methods.
[6379)  Instill vet another aspect, the present disclosure relates to systems for detecting a B-
coronavirus in a biological sample.

{0188]  Section headings as used in this section and the entire disclosure herein are merely for

organizational purposes and are not indended to be hmiting,
i. Definitions

18181} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skall in the art. In case of conflict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials simular or equivalent to those described herein
can be used in practice or testing of the present disclosure. Al publications, patent applications,
patents and other references mentioned herein are incorporated by reference in their entirety.
The materials, methods, and examples disclosed heren are tllustrative only and not intended to
be hmiting,

[8182] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “comtain(s),” and
variants thereof, as used heren, are mfended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms
“a,” “an” and “the” mclude plural references unless the context clearly dictates otherwise. The
present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting essentially of,” the embodiments or elements presented herein, whether explicitly set
forth or not.

13183}  For the recitation of numeric ranges herein, sach intervening number there between
with the same degree of precision 1s explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6. 0-7.0, the

number 6.0,6.1,6.2,6.3,6.4,65 66,67, 68,69, and 7.0 are explicitly contemplated.
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18184}  The clause, “at least” followed directly or indirectly by a number refers to tvpe and/or
quantity, unless it 1s evident from the context in which the clause is applied that it refers to only
type, of only quantity, and not both type and quantity.

[8185%]  “Affinity matured antibody” is used herein to refer to an antibody with one or more
alterations in one or more CDRs, which result in an improvement in the affinty (e, Ko, kg or
ka} of the antibody for a target antigen compared to a parent antibody, which does not possess the
alteration{s}. Exemplary affinity matured antibodies will have nanomslar or even picomolar
affinities for the target antigen. A variety of procedures for producing affinity matured
antitbodies are known 1n the art, including the screening of a combinatory antibody library that
has been prepared using bio-display. For example, Marks et al,, BioTechnology, 10: 779-783
{1992} describes affinity maturation by VH and VL domain shuffling. Random mutagenesis of
CDR and/or framework residues is described by Barbas et al., Proc. Nar. Acad. Sci. USA, 91:
3809-3813 (1994); Schier et al., Gene, 169 147-155 (1995); Yelion et al, L Immuncl | 155:
1994-2004 (1995Y; Jackson et al, J. fmmunol, 154(7): 3310-3319 {1995); and Hawkins et al| J.
Mol Biol., 226: 889-896 (1992, Selective mutation at selective mutagenesis positions and at
contact or hypermutation positions with an activity-enhancing amino acid residue s described 1
U.S. Patent No. 6,914,128 Bl.

{8188]  “Antibody” and “antibodies” as used herein refers to monocional antibodies,
monospecific antibodies (e.g., which can either be monoclonal, or may also be produced by other
means than producing them from a common germ cell), multispecific antibodies, human
anttbodies, humarnized antibodies (fully or partially humanized}, anmimal antibodies such as, but
not himited to, a bird (for example, a duck or a goose}, a shark, a whale, and a mammal,
meluding a non-primate {for example, a cow, a pig, a camel, a Hama, a horse, a goat, a rabbit, a
sheep, a hamster, a guinea pig, a cat, a dog, a rat, a mouse, ef¢.} or a non~-human primate {for
example, a monkey, a chimpanzee, etc.}, recombinant antibodies, chimeric antibodies, single-
chain Fvs (“scFv”), single chain antibodies, single domain antibodies, Fab fragments, F{ab')
fragments, F(ab'): fragments, disulfide-linked Fvs (“sdFv™), and anti-idiotypic (“anti-Id”)
antibodies, dual-domain antibodies, dual variable domain (DVD} or triple variable domain
{TVD) antibodies (dual-variable domain immunoglobulins and metheds for making them are
described in Wy, C., et al., Nature Biotechnology, 25(11%:1290-1297 (2007} and PCT

International Application WG 2001/058956, the contents of each of which are herein
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mcorporated by reference), or domain antibodies (dAbs} (e.g., such as described in Holt et al,
Trends in Biotechnology 21:484-490 (2014)), and including single domain antibodies sdAbs that
are naturally occurring, e.g., as in cartilaginous fishes and camelid, or which are synthetic, e.g,,
nanobodies, VHH, or other domain structure}, and functionally active epiiope-binding fragmenis
of any of the above. In particular, antibodies inchide immunoglobulin molecules and
immunclogically active fragments of immunoglobulin molecules, namely, molecules that contain
an analyte-binding site. Immunoglobulin molecules can be of any type {for example, 1gG, IgE,
Ieh, 1D, IgA, and IgY), class (for example, Ig(Gl, IgG2, 13, Ig(G4, IgAl, and IgA2), or
subclass. For simplicity sake, an antibody against an analyte is frequently referred to herein as
being either an “anti-analyte antibody” or merely an “analyte antibody”.

{81871  “Antibody fragment” as used herein refers to a portion of an intact antibody
comprising the antigen-binding site or variable region. The portion does not include the constant
heavy chain domains (i.e., CH2, CH3, or CH4, depending on the antibody isotype) of the Fe
region of the intact antibedy. Examples of antibody fragments include, but are not imited to,
Fab fragments, Fab' fragrments, Fab'-SH fragments, F(ab'), fragments, Fd fragments, Fv
fragments, diabodies, single-chain Fv (scFv) molecules, single-chain polypeptides containing
only one light chain variable domain, single-chain polypeptides containing the three CDRs of the
fight-chain variable domain, single-chain polypeptides containing only one heavy chain variable
region, and single-chain polypeptides containing the three CDRs of the heavy chain variable
region,

[8188]  “Anti-apectes antibodies” as used herein refers {0 an antibody, such as an 1gG and/or
IgM antibody, that recognize antibodies of another species of mterest. For example, anti-human
antibodies, e.g., anti-huran IgG or IgM antibodies, recognize, respectively, other human IgG or
igM antibodies.

{6188}  The “arca under curve” or “AUC” refers to area under 3 ROC curve. AUC under a
ROC curve 1s a measure of accuracy. An AUC of 1 represents a perfect test, whereas an AUC of
0.5 represents an insignificant test. A preferred AUC may be at least approximately 0.700, at
least approximately 0.750, at least approximately 0.800, at least approximately 0.850, at least
approximately 0.900, at least approximately 0.910, at least approximately 0.920, at least

approximately 0.930, at least approximately 0.940, at least approximately 0.950, at least
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approximately 0.960, at least approximately 0.970, at least approximately 0.980, at least
approximately 0.990, or at least approximately (.995.

19198}  “AU/mL” as used herein refers to antibody units per milliliter.

{8198 “BAU/mL” as used herein refers to the WHO International Standard of binding
antibody untis per muliliter.  For the SARS-CoV-2 1gG antibody quantitative assay described
and claimed herein, the measure AU/mL can be converted to BAU/mL using the following
formula: BAU/mL=0.142 x AU/mL {e g, about 4500 AU/mL is about 639 BAU/mL (4500
AUML x0.142 =639 BAU/mL)). Those skilled in the art are readily aware of how to
harmonize or standardize results between different assays {e.g., by comparing each againsi a
known standard) thus converting to comimon units. Those skilled in the art also are readily
aware of how to harmonize or standardize results between different assays using different {e.g.,
alternate), or multiple know assay standards. Typically for assays there are multiple standards
created, including iterations of standards, e g., from WHO.

{8193} “Bead” and “particle” are used herein interchangeably and refer to a substantially
spherical sohid support. One example of a bead or particle 1s a microparticle. Microparticles that
can be used herein can be any type known in the art. For example, the bead or particle can be a
magnetic bead or magnetic particle. Magnetic beads/particles may be ferromagnetic,
ferrumagnetic, paramagnetic, superparamagnetic or ferrofluidic. Exemplary ferromagnetic
materials include Fe, Co, N3, Gd, Dy, CrQz, MuAs, MnBi, Eu(, and NiQ/Fe. Examples of
ferrimagnetic materials include NiFex (04, CoFez(4, Fesls {or Fe(OFex(s}). Beads can have a sohid
core portion that 1s magnetic and 1s surrounded by one or more non-magnetic layers. Alternately,
the magnetic portion can be a layer around a non-magnetic core. The microparticles can be of
any size that would work in the methods described herein, e.g., from about 0.75 to about S nm, or
from about 1 to about 5 nm, or from about 1 to about 3 um.

{81931 “Binding proten” 1s used herein to refer to a monomeric or multimernic protein that
binds to and forms a complex with a binding partoer, such as, for example, a polypeptide, an
antigen, a chemical compound or other molecule, or a substrate of any kind. A binding proten
specifically binds a binding partner. Binding proteins include antibodies, as well as antigen-
binding fragments thereof and other various forms and derivatives thereof as are known in the art
and described herein below, and other molecules comprising one or more antigen-binding

domains that bind to an antigen molecule or a particular site (epitope) on the antigen molecule.

(4

3



WO 2021/211332 PCT/US2021/026149

Accordingly, a inding protein includes, but 1s not limited to, an antibody a tetrameric
immunoglobulin, an [gG molecule, an [gG1 molecule, a monoclonal antibody, a chimeric
antibody, a CDR-grafted antibody, a humanized antibody, an affinity matured antibody, and
fragments of any such antibodies that retain the ability to bind to an antigen.

19194  “Bispecific antibody” 15 used herein to refer to a full-length antibody that 15 generated
by quadroma technology (see Milstein et al,, Narure, 305(5934}): 537-540 {1983}), by chemical
comjugation of two different monoclonal antibodies {see, Staerz et al., Nafure, 314(6012) 628-
631 {1983)), or by knob-into-hole or similar approaches, which introduce mutations in the Fe
region {see Holliger et al., Proc. Na#l. Acad. Sci. USA, 90(14). 6444-6448 (1993)), resulting in
multiple different immunoglobulin species of which only one ts the functional bispecific
anttbody. A bispecific antibody binds one antigen (or epitope} on one of 1is two binding arms
{one pair of HC/LC)Y, and binds a different antigen (or epitope} on its second arm (a different pair
of HC/LC), By this definition, a bispecific antibody has two distinct antigen-binding arms {in
both specificity and CDR sequences), and is monovalent for each antigen to which it binds to.
[8198]  As used herein, the term “coronavirus” refers to viruses that belonging to the fanuly
Corvonaviridae that have a positive-sense, RNA genome ranging from 26 to 32 kilobases in
length. Coronavituses having four main structural proteins: the spike glycoproten (8 protein),
the membrane protein {M protein), the envelope protein (E protein) and the nucleocapsid protein
{N protein). Coronavirus can be further subdivided mto four groups, alpha, beta, gamma and
delta coronaviruses. Examples of alpha coronaviruses nclude HCoV-229E and HCoV-NL63.
Examples of beta coronaviruses are HCoV-0C43, HCoV-HKUI, Middie East Respiraiory
Syndrome {MERS-CoV), severe acute respiratory syndrome (SARS) coronaviroes (SARS-CoV)
and SARS-CoV-2 {also known as 2019-nCov, COVID-19, coronavirus disease, and Coronavirus
Disease 2019),

{8196  In one aspect, the present disclosure relates o B-coronaviruses. In another aspect, the
B-corgnaviruses are MERS-CoV, SARS-CoV and SARS-CoV-2. In still vet another aspect, the
B-coronaviruses are SARS-CoV and SARC-CoV-2. In still vet another aspect, the B-coronavirus
15 SARS-CoV-2. The sequence of SARS-CoV-2 has been described in a variety of publications,
such as, for example, Lu et al, Lancer, 395:565-574 (February 2020} and

https:/iwww.nebinlm nih gov/cenbank/sars-cov-2-seqgs/, the contents of each are herein

mcorporated by reference.
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18197} “CDR” 15 used herein to refer to the “complementarity determining region” within an
anttbody variable sequence. There are three CDRs in each of the variable regions of the heavy
chain and the light chain. Proceeding from the N-terminus of a heavy or light chain, these
regions are denoted “CDR1I”, “CDR2Z”, and “CDR3”, for each of the variable regions. The term
“CDR set” as used herein refers to a group of three CDRs that occur in a single variable region
that binds the antigen. An antigen-binding site, therefore, may include six CDRs, comprising the
CDR set from each of a heavy and a light chain variable region. A polypeptide comprising a
single CDR, (e.g., a CDR1, CDR2, or CDR3) may be referred to as a “molecular recognition
unit.” Crystallographic analyses of antigen-antibody complexes have demonstrated that the
amino acid residues of CDRs form extensive contact with bound antigen, wherein the most
extensive antigen contact 1s with the heavy chain CDR3. Thus, the molecular recognition units
may be primarily responsible for the specificity of an antigen-binding site. In general, the CDR
residues are directly and most substantially involved in influencing antigen binding,

{8198]  The exact boundaries of these CDRs have been defined differently according to
different systems. The system described by Kabat (Kabat et al,, Sequences of Proteins of
Immmological Tnterest (Mational Tostitutes of Health, Bethesda, Md. (1987} and (1991)) not
only provides an unambiguous residue numbering system applicable to any vaniable region of an
antibody, but also provides precise residue boundaries defining the three CDRs. These CDRs
may be referred to as “Kabat CDRs”. Chothia and coworkers (Chothia and Lesk, J. Mol Biol,
196: 901-217 (1987}, and Chothia et al., Nasure, 342; 877-883 {1989)) found that certain sub-
portions within Kabat CDRs adopt nearly identical peptide backbone conformations, despite
having great diversity at the level of ammo acid sequence. These sub-portions were designated
as “L17, “L27, and “E37, or “H17, “H2”, and “H3”, where the “L” and the “H” designate the
fight chain and the heavy chain regions, respectively. These regions may be referred to as
“Chothia CDRs”, which have boundaries that overlap with Kabat CDRs. Other boundaries
defining CDRs overlapping with the Kabat CDRs have been described by Padlan, FASER J, &
133-139 (1993), and MacCallum, J. Mol Biol, 262(5y 732-745 (1996}, Sull other CDR
boundary definitions may not strictly follow one of the herein systems, but will nonetheless
overlap with the Kabat CDRs, although they may be shortened or lengthened i light of
prediction or experimental findings that particular residues or groups of residues or even entire

CDRs do not significantly impact antigen binding. The methods used herein may utilize CDRs
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defined according to any of these systems, although certain embodiments use Kabat- or Chothia-
defined CDRs.

19199 “Component,” “components,” or “at least one component,” refer generally o a capture
antibody, a detection or conjugate a calibrator, a control, a sensitivity panel, a container, a buffer,
a diluent, a salt, an enzyme, a co-factor for an enzyme, a detection reageni, a pretreatment
reagent/solution, a substrate (e.g., as a solution}, a stop solution, and the like that can be included
in a kit for assay of a test sample, such as a patient saliva, a nasal mucus specimen,
oropharyngeal specimens, nasopharyngeal specimens, an anal swab specimen, urine, whole
blood, serum or plasma sample (e.g., as per “Sample” below), in accordance with the methods
described herein and other methods known 1n the art. Some components can be in solution or
iyophilized for reconstitution for use in an assay

{8286] “Controls” as used herein generally refers to a reagent whose purpose is to evaluate
the performance of a measurement system in order to assure that it continues to produce results
within permissible boundaries {e.g., boundaries ranging from measures appropriate for a research
use assay on one end to analytic boundaries established by quality specifications fora
commercial assay on the other end}. To accomphish this, a control should be indicative of patient
results and optionally should somehow assess the impact of error on the measurement {e.g., error
due to reagent stability, calibrator variability, instrument variability, and the like}. As used
herein, a “control subject” relates to a subject or subjects that has not been infected with a
coronavirgs, such as, a B-coronavirus or been exposed to any subject that has had a coronavirus,
such as a B-coronavirus.

{8288 As used herem, the term “control zone” or “control line” 18 a region of a tesi strip in
which a label can be observed to shift location, appear, change color, or disappear to indicate that
an assay performed correctly. Detection or observation of the control zone (e.g., of a conirol ling)
may be done by any convenient means, depending upon the particular chotce of label, especially,
for example but not hmited to, visually, fluorescently, by reflectance, radiographically, and the
like. As will be described, the label may or may not be applied directly to the control zone,
depending upon the design of the control being used.

{82621 “Cytokine storm” refers 0 a complex network of severe molecular events that are
unified by a clinical phenotype of systemic inflammation, multi-organ failure and hyper-

ferritinenia. A cytokine storm 15 induced by activation of large number of white blood cells
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(including B cells, T cells, NK cells, macrophages, dendritic cells, neutrophils, monocytes) and
resident tissue cells (such as epithelial and endothelial cells) which release high amounts of pro-
mflammatory cytokines. A number of molecules increase in serum in a cytokine storm including
complements, IL-10, IFN-y, IL-15, IL-6, 1L-12, 1L.-17 and tumor-necrosis factor-o {TNF-¢). Ina
study of 41 hospitalized SARS-CoV-2 patients, high-levels of proinflammatory cytokines were
observed in severe cases, inclading 11.-2, IL-7, 1L-10, granulocyte-colony stimulating factor, 1P-
10, M{CP-1, macrophase ifallamtory protein 1 alpha and TNF-a (See, Akdis et al | “lmmune
Response to SARS-CoV-2 and Mechanisms of Immunopathological Changes in COVID-197,
Allergy, 75(7):1564-1581 (Julv 2020)). Subjects that experience a cytokine storm are more
iitkely to experience a severe and fatal disease outcome,

182831  “Derivative” of an antibody as used herein may refer to an antibody having one or
more modifications to its amino acid sequence when compared to a genuine or parent anfibody
and exhibit a modified domain structure. The derivative may still be able to adopt the typical
domain configuration found in native antibodies, as well as an amino acid sequence, which is
able to bind to targets {antigens) with specificity. Typical exaroples of antibody derivatives are
antibodies coupled to other polypeptides, rearranged antibody domains, or fragments of
antibodies. The derivative may also comprise at least one further compound, e.g., a protein
domain, said protein domain being linked by covalent or non-covalent bonds. The Hinkage can
be based on genetic fusion according to the methods known in the art. The additional domam
present in the fusion protein comprising the antibody may preferably be linked by a flexible
Huker, advantageously a peptide linker, wherem said peptide linker compnises plural,
hydrophilic, peptide-bonded amino acids of a length sufficient to span the distance between the
C-terminal end of the further protein domain and the N-terminal end of the antibody or vice
versa. The antibody may be Hunked to an effector molecule having a conformation sutable for
biological activity or selective binding to a solid support, a biologically active substance {e.g., a
cytokine or growth hormone}, a chemical agent, a peptide, a protein, or a drug, for example.
{6264 “Determined by an assay” 1s used herein to refer to the determunation of a reference
level by any appropriate assay. The determination of a reference level may, in some
embodiments, be achieved by an assay of the same type as the assay that 15 to be apphied to the
sample from the subject (for example, by an immunoassay, clinical chemistry assay, a single

molecule detection assay, protein immunoprecipitation, immunoelectrophoresis, a pomnt-of-care
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assay, chemical analysis, SDS-PAGE and Western blot analysis, or protein immunostaining,
electrophoresis analysis, a protein assay, a competitive binding assay or a functional protein
assay. The determination of a reference level may, in some embodiments, be achieved by an
assay of the same type and under the same assay conditions as the assay that 1s to be applied to
the sample from the subject. As noted herem, this disclosure provides exemplary reference
levels {e.g., calculated by comparing reference levels at different time points). 1t 1s well within
the ordinary skill of one i the art to adapt the disclosure herem for other assays to obiain assay-
specific reference levels for those other assays based on the description provided by this
disclosure. For example, a set of tratning samples comprising samples obtained from subjecis
known to have been infected by a coronavirus, such as a B-coronavirus (such as SARS-CoV ar
SARS-CoV-2), and samples obtained from human subjects known not to have been infected with
a coronavirus, such as a B-coronavirus (such as SARS-CoV or SARS-CoV-2), or been exposed
o a subject that has been infected with a coronavirus, such as a B-coronavirus (such as SARS-
CoV or SARS-CoV-2), may be used to obtain assay-specific reference levels. 1t will be
understood that a reference level “determined by an assay” and having a recited level of
“sensitivity” and/or “specificity” is used heretn fo refer to a reference level which has been
determined to provide a method of the recited sensitivity and/or specificity when said reference
fevel is adopted in the methods of the disclosure. It 1s wall within the ordinary skill of one in the
art to deternne the sensitivity and specificity associated with a given reference level in the
methods of the disclosure, for example by repeated statistical analysis of assay data using a
plurality of different possible reference levels.

{8285} Practically, when discrinunating between a subject as having been infected by a
coronavirus, such as a B-coronavirus (such as SARS-CoV or SARS-CoV-2), or not having been
infected by a coronavirus, such as a P-coronavirus {such as SARS-CoV or SARS-CoV-2}, the
skilled person will balance the effect of raising a cutoff on sensitivity and specificity. Rasing or
fowering a cutoff will have a well-defined and predictable impact on sensitivity and specificity,
and other standard statistical measures. It is well known that raising a cutoff will improve
specificity but is likely to worsen sensitivity {proportion of those with disease who test positive).
In contrast, lowering a cutoff will improve sensitivity but will worsen specificity (proportion of
those without disease who test negative). The ramufications for detecting or measuring a

coronavirus, such as a f-coronavirus {(such as SARS-CoV or SARS-CoV-2}, will be readily
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apparent to those skilled in the art. In discriminating whether a subject has or has not been
mfected by a coronavirus, such as a B-coronavirus {such as SARS-CoV or SARS-CoV-2}, the
higher the cutoff, specificity improves as more true negatives {1.e., subjects not having been
mfected by a coronavirus, such as B-coronavirus {such as SARS-CoV or SARS-CoV-2)) are
distinguished from those having been infected by a coronavirus, such as a B-coronavirus (such as
SARS-CoV or SARS-CoV-2). But at the same time, raising the cutoff decreases the number of
cases identified as positive overall, as well as the number of true positives, so the sensitivity must
decrease. Conversely, the lower the cutoff, sensitivity improves as more true positives (Le,,
subjects having been infected with a coronavirus, such as a f-coronavirus (such as SARS-CoV or
SARS-CoV-2)) are distinguished from those who have not been infected {e.g., do not have} with
a coronavirus, such as a P-coronavirus {such as SARS-CoV or SARS-CoV-2). But at the same
time, lowering the cutoff increases the number of cases identified as positive overall, as well as
the number of false positives, so the specificity must decrease.

{9286]  Generally, a high sensitivity value helps one of skill rule out disease or condition (such
as 1ofection with a coronavirus, such as a p-coronavirus (such as SARS-CoV or SARS-CoV-2)),
and a high specificity value helps one of skill rule in disease or condition. Whether one of skill
desires to rule out or rule 10 disease depends on what the conseqguences are for the patient for
each type of error. Accordingly, one cannot know or predict the precise balancing employed to
derive a test cutott without full disclosure of the underlying information on how the value was
sefected. The balancing of sensitivity agamst specificity and other factors will differ on a case-
by-case basis. This 13 why it is sometimes preferable {0 provide alternate cutoff {(e.g., reference)
values 30 a physican or practitioner can choose.

{82871 “Dual-specific antibody” is used herein to refer to a full-length antibody that can bind
two different antigens {(or epitopes) i each of s two binding arms {a pair of HC/LC) (see PCT
International Application WG 02/02773). Accordingly, a dual-speeific binding protein has two
identical antigen binding arms, with identical specificity and identical COR sequences, and is
bivalent for each antigen to which 1t binds.

18288}  “Dual vanable domain” 15 used herein to refer to two or more antigen binding sites on
a binding protein, which may be divalent (two antigen binding sites), tetravalent (four antigen
binding sites), or multivalent binding proteins. DVDs may be monospecific, 1.e., capable of

binding one antigen {or one specific epitope), or multispecific, 1.e., capable of binding two or

153

g



WO 2021/211332 PCT/US2021/026149

more antigens {i.e., two or more epitopes of the same target antigen molecule or two or mors
epitopes of different target antigens}. A preferred DVD binding protein comprises two heavy
chain DVD polypeptides and two light chain BVD polypeptides and 15 referred to as a “DVD
immunoglobulin” or “DVD-1g” Such a DVD-1g binding protein is thus tetrameric and
reminiscent of an 1g(G molecule, but provides more antigen binding sites than an IgG molecule.
Thus, each half of a tetrameric DY D-Ig molecule is reminiscent of one half of an 1gG molecule
and comprises a heavy chain DVD polypeptide and a light chain DVD polypeptide, but unlike a
pair of heavy and light chains of an IgG molecule that provides a single antigen binding domain,
a pair of heavy and light chains of a DVD-Ig provide two or more antigen binding sites.

{9208]  Fach antigen binding site of a DVD-Ig binding protein may be derived from a donor
{“parental”) monoclonal antibody and thus comprises a heavy chain variable domain (VH)and a
fight chain varnable domain (VL} with a total of six CDRs involved in antigen binding per
antigen binding site. Accordingly, a DVD-Ig binding protein that binds two different epitopes
{i.e., two different epitopes of two different antigen molecules or two different epitopes of the
same antigen molecule) comprises an antigen binding site derived from a first parental
mounocional antibody and an antigen binding site of a second parental monoclonal antibody.
[8218] A description of the design, expression, and characterization of DVD-Ig binding
molecules is provided in PCT International Application WO 2007/024715, U.S. Patent No.
7,612,181, and Wu et al, Natuve Biotech., 25 1290-1297 (2007). An exarple of such DVD-Ig
molecides comprises a heavy chain that comprises the structural formula VD I-{(X1n-VD2-C-
{X2m, wheremn VD1 13 a firat heavy chain variable domain, VD2 1s a second heavy chain
vartable domain, C is a heavy chain constant domain, X1 13 a linker with the proviso that it 13 not
CHI1, X215 an Feregion, and n1s 0 or 1, but preferably 1; and a light chain that comprises the
structural formula VD I-(X1)in-VE2-C-(X2)n, wherein VD1 13 a first light chain variable domain,
VD2 15 a second light chain variable domain, C 1s a hight chain constant domain, X1 13 a hinker
with the proviso that it 18 not THI, and X2 does not comprise an Fe region; and nis O or 1, but
preferably 1. Such a DVD-Ig may comprise two such heavy chains and two such light chains,
wherein each chain comprises variable domains linked in tandem without an intervening constant
region between variable regions, wherein a heavy chain and a light chain associate to form
tandem functional antigen binding sites, and a pair of heavy and light chains may associate with

another pair of heavy and light chains to form a tetrameric binding protein with four functional
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antigen binding sites. In another example, a3 DVD-Ig molecule may comprise heavy and light
chains that each comprise three variable domains (VD1, VD2, VD3} linked in tandem without an
mtervemng constant region between variable domains, wherein a pair of heavy and light chaing
may associate to form three antigen binding sites, and wherein a pair of heavy and light chains
may associate with another pair of heavy and light chains to form a tetramenic binding protein
with six antigen binding sites.

18218}  In another embodiment, 2 DVD-Ig binding protein not only binds the same target
molecules bound by its parental monocional antibodies, but also possesses one or more desirable
properties of one or more of 1ts parental monoclonal antibodies. Such an additional property is
an antibody parameter of one or more of the parental monoclonal antibodies. Antibody
parameters that may be contributed to a DVD-Ig binding protein from one or more of i3 parental
monocional antibodies include, but are not limited to, antigen specificity, antigen affinity,
potency, biological function, epitope recognition, protein stability, protein solubility, production
efficiency, immunogenicity, pharmacokinetics, bicavailability, tissue cross reactivity, and
orthologous antigen binding.

{8213} A DVD-Ig binding protein binds at least one eptiope of nucleocapsid protein, spike
protein or nucleocapsid protein and spike protein from a coronavirus, such as a P-coronavirus
{such as SARS-CoV or SARS-CoV-2). Non-limiting examples of a BVD-Ig binding protein
melude a2 DVD-Ig binding protein that binds one or more epitopes of a nucleocapsid protein,
apike protein, or nucleocapsid protern and spike protein of a -coronavirus {such as SARS-CoV
or SARS-CoV-2}, a DVD-Ig binding protem that binds an epitope of a human nucleocapsid
protein, spike protein, or nucleocapsid protein and spike protein of a B-coronavirus (such as
SARS-CoV or SARS-CoV-2) and an epitope of a nucleocapsid protein, spike protein, or
nucleocapside protein and spike protein of a B-coronavirus (such as SARS-CoV or SARS-CoV-
2) of ancther species (for example, mouse, rat, bat, etc.), and a BVB-Ig binding protein that
binds an epitope of a human B-coronavirus {such as SARS-CoV or SARS-CoV-2} and an epitope
of ancther target molecule.

18213}  “Dynamic range” as used herein refers to range over which an assay readout is
proportional to the amount of target molecule or analyte in the sample being analyzed.

18214}  “Epitope,” or “epitopes,” or “epitopes of mterest” refer to a site(s) on any molecule

that is recognized and can bind to a complementary sites} on its specific binding pariner. The

61



WO 2021/211332 PCT/US2021/026149

molecule and specific binding partner are part of a specific binding pair. For example, an
epitope can be on a polypeptide, a protein, a hapten, a carbohydrate antigen (such as, but not
fimited to, glycolipids, glycoproteins or lipopolysaccharides), or a polysaccharide. lts specific
binding partner can be, but 15 not himited to, an aniibody.

{9218} “Extended measuring interval” {(EMI) as used herein refers to the interval in which
concenirations are measured with appropriate accuracy by diluting the specimen before taking a
measurement with a developed measurement process. A “Measuring Interval” refers to where a
set of values of the same kind can be measured by a given measuring instrument or measuring
system with specified instrumental uncertainty, under defined conditions. A Measuring Interval
is bounded by an upper limit.

{8216} “Fragment antigen-binding fragment” or “Fab fragment” as used herein refers to a
fragment of an antibody that binds to antigens and that contains one antigen-binding site, one
complete hight chamn, and part of one heavy chain. Fab 15 a monovalent fragment consisting of
the VL, VH, CL and CH1 domains. Fab is composed of one constant and one variable domain
of each of the heavy and the light chain. The variable domain contains the paratope (the antigen-
binding site}, comprising a set of complementarity determining regions, at the amuno terminal
end of the monomer. Bach arm of the Y thus binds an epitope on the antigen. Fab fragments can
be generated such as has been described in the art, e.g., using the enzyme papain, which can be
used to cleave an imrounoglobulin monomer into two Fab fragments and an Fe fragment, ot can
be prodoced by recombinant means.

{8217 “Flab')y fragment” as used heremn refers to antibodies generated by pepsin digestion of
whole IgG antibodies to remove most of the Fe region while leaving miact some of the hinge
region. Flab'y: fragments have two antigen-binding F(ab) portions linked together by disulfide
bonds, and therefore are divalent with a molecular weight of about 110 kDa. Divalent antibody
fragments (F{ab'), fragments} are smaller than whole Ig(G molecules and enable a better
penetration into tissue thus facilitating better antigen recogmtion m mmmunchistochemistry. The
use of Fab'y fragments also avoids unspecific binding to Fc recepior on live cells or to Protein
A/G. F(ab'y fragments can both bind and precipitate antigens.

{8218}  “Framework” {(FR) or “Framework sequence” as used herein may mean the remaining
sequences of a vanable region minus the UDRs. Because the exact definition of a CDR

sequence can be determined by different systems (for example, see above), the meaning of a
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framework sequence is subject to correspondingly different interpretations. The six CDRs
{CDR-L1, -L.2, and -L.3 of light chain and CDR-HI, -H2, and -H3 of heavy chain} also divide the
framework regions on the light chain and the heavy chain into four sub-regions (FR1, FR2, FR3,
and FR4} on each chain, in which CDR1 1s postiioned between FR1 and FR2, CDR2 between
FR2 and FR3, and CDR3 between FR3 and FR4. Without specitying the particular sub-regions
as FR1, FR2, FR3, or FR4, a framework region, as referred by others, represents the combined
FRs within the variable region of a single, naturally occerring immumoglobulin chain. As used
herein, a FR represents one of the four sub-regions, and FRs represents two or more of the four
sub-regions constituting a framework region.

{9219} Human heavy chain and light chain FR sequences are known in the art that can be
used as heavy chain and light chain “acceptor” framework sequences {or simply, “acceptor”
sequences} to humanize a non-human antibody using techniques known in the art. In one
embodiment, human heavy chain and light chain acceptor sequences are selected from the
framework sequences listed in publicly available databases such as V-base (hypertext transfer
protocol//vbase mre-cpe.cam.ac.uk/) or 1o the mternational ImMunoGeneTics® (IMGT®)
mformation systern (hypertext transfer protocol://imagt cines fritexts/IMGTrepertowre/
LocusGenes/).

{82281  “Functional antigen binding site” as used herein may mean a site on a binding protein
{e.g., an antibody) that 1s capable of hinding a target antigen. The antigen binding affinuty of the
antigen binding site may not be as strong as the parent binding protein, e.g., parent antibody,
from which the antigen binding site 1s derived, but the ability to bind antigen must be measurable
using any one of g variety of methods known for evaluating protein, e.g,, antibody, binding to an
antigen. Moreover, the antigen binding affinity of each of the antigen binding sites of a
multivalent protein, e g, multivalent antibody, herem need not be quantitatively the same.

{82211 The term "fusion protemn” as used herein relates to a protein or polypeptide comprising
at feast one first protein or polyeptide jomed or finked to at least one second protein or
polypeptide. In some aspects, the at least one protein or polypeptide is joined or linked to at least
one second protein or polvpeptide through one or more linking peptide sequences. An example
of a fusion protein is a chimeric protein. A fusion protein can be created using routine
technigues known in the art such as recombinant DNA technology, through joining or inking of

two or more genes that originally coded for separate proteins. Thus, a fusion protein may
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comprise a multimer of different or identical binding proteins which are expressed as a single,
lingar polypeptide.

192221 “Huomanized antibody™ 1s used herein to describe an antibody that comprises heavy
and light chain variable region sequences from a non-human species {(e.g., a mouse} but in which
at least a portion of the VH and/or VL sequence has been altered to be more “human-like,” 1e,
more sumifar to human germline variable sequences. A “humanized antibody” 18 an antibody or

a variant, derivative, analog, or fragment thereof, which immunospecifically binds to an antigen

2,
of interest and which comprises a framework (FR) region having substantially the amino acid
sequence of a human antibody and a complementary determining region (CDR) having
substantially the amino acid sequence of a non-human antibody. As used herein, the term
“substantially” in the context of a CDR refers to a CDR having an amino acid sequence at least
80%, at least 853%, at least 90%, at least 95%, at least 98%, or at least 99% identical to the amino
acid sequence of a non-human antibody CDR. A humanized antibody comprises substantially all
of at least one, and typically two, variable domains (Fab, Fab', F(ab')s, FabC, Fv} in which all or
substantially all of the CDIR regions correspond to those of a non-human momunoglobulin (e,
donor antibody) and all or substantially all of the framework regions are those of a human
womunoglobulin consensus sequence. In an embodiment, a humanized antibody also comprises
at least a portion of an immunoglobulin constant region (Fe), typically that of a huran
immunoglobulin. In some embodiments, a humanized antibody cortams the hght chain as well
as at least the variable domain of a heavy chain. The antibody also may include the CHI, hinge,
CH2, CH3, and CH4 regions of the heavy chain. In some embodiments, a humanized antibody
only contams a humanized bight chamn. In some embodiments, a humanized antibody only
contains a humanized heavy chain. In specific embodiments, a humamzed antibody only
contains 3 humanized variable domain of a light chain and/or humanized heavy chan,

{82231 A homanized antibody can be selected from any class of immunoglobuling, jucluding
IeM, I, 1D, [gA, and IgE, and any sotype, including without limitation 1gG1, 102, 1gG3,
and Ig(G4. A humanized antibody may comprise sequences from more than one class or isotype,
and particular constant domains may be selected to optimize desired effector functions using
techniques well-known in the art.

18224}  The framework regions and CDRs of a humanized antibody need not correspond

precisely to the parental sequences, e.g., the donor antibody CDR or the consensus framework
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may be mutagenized by substitution, insertion, and/or deletion of at least one aming acid residue
s that the CDR or framework residue at that site does not correspond to erther the donor
antibody or the consensus framework. In a preferred embodiment, such mutations, however, will
not be extensive. Usually, at least 80%, preferably at least 85%, more preferably at least 90%,
and most preferably at least 95% of the humanized antibody residues will correspond to those of
the parental FR and CDR sequences. As used herein, the term “consensus framework™ refers to
the framework region in the consensus immunoglobulin sequence. As used herein, the term
“consensus immunoglobulin sequence” refers to the sequence formed from the most frequently
occurring amino acids {or nucleotides) mn a family of related immunoglobulin sequences (see,
e.g., Winnaker, From Genes to Clones {Verlagsgesellschaft, Weinheum, 1987)). A “consensus
immunoglobulin sequence” may thus comprise a “consensus framework region{s)” and/or a
“consensus CDR(s)”. Ina fanuly of immunoglobulins, each position in the consensus sequence
13 occupied by the amino acid occurring most frequently at that position in the fanmuly. If two
amino acids occur equally frequently, either can be included 1n the consensus sequence.

{82281 “Identical” or “identity,” as used herein in the context of two or more polypeptide or
polynucleotide sequences, can mean that the sequences have a specified percentage of residues
that are the same over a specified region. The percentage can be calculated by optimally
aligning the two sequences, comparing the two sequences over the specified region, determining
the number of positions at which the wlentical residue occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total number of
positions in the specified region, and multiplying the result by 100 to yield the percentage of
sequence wdentity. In cases where the two sequences are of different lengths or the alignment
produces one or more staggered ends and the specified region of companison includes only a
single sequence, the residues of the single sequence are included in the denominator but not the
numerator of the calcolation.

{82261  “Isolated polynucleotide” as used herein may mean a polynucleotide {e.g., of genomug,
cDNA, or synthetic origin, or a combination thereof) that, by virtue of tts origin, the isolated
polvnucieotide is not associated with all or a portion of a polynucleotide with which the “isolated
polynucieotide” 1s found in nature; is operably linked to a polynucleotide that it is not linked to
n nature; or does not occur in nature as part of a larger sequence. As used herein, “isolated

polypeptide” refers to a polypeptide {e.g., of recombinant, synthetic or chemical original ora
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combination thereof}, that, by virtue of its origin, the isolated polypeptide is not associated with
all or a portion of a polypeptide and/or other protein(s) with which the “isolated polypeptide” 15
found in nature; is operably linked to a polypeptide and/or protein that it is not linked to in
nature; or does not occur in natare as part of a larger sequence. When associated with a
particular species, virus or strain {e.g., “P-coronavirus isolated polypeptide”), the isolated
polypeptide optionally can be made by recombinant means rather than by 1solation from i vivo.
192277 “Label” and “detectable fabel” as used herein refer to a moiety attached to an antibody
or an analyte to render the reaction between the antibody and the analyie detectable, and the
antibody or analyte so labeled is referred to as “detectably labeled.” A label can produce a signal
that 15 detectable by visual or instrumental means. Various labels include signal-producing
substances, such as chromagens, fluorescent compounds, chemiluminescent compounds,
radicactive compounds, and the like. Representative examples of labels include moieties that
produce light, e.g., acridinium compounds, and moieties that produce fluorescence, e.g.,
fluorescein, Other labels are described herein. In this regard, the moiety, itself, may not be
detectable but may become detectable upon reaction with yvet another moiety. Use of the term
“detectably labeled” 1s intended to encompass such labeling.

{82281  Any suitable detectable label as is known in the art can be used. For example, the
detectable label can be a radioactive label (such as 3H, 14C, 32P, 33P, 358, 90, 99T¢, 111in,
1251, 1311, 1771y, 166Ho, and 1538m), an enzymatic label (such as horseradish peroxidase,
alkahine peroxidase, glucose 6-phosphate dehydrogenase, and the like}, a chemiluminescent label
{such as acridiniom esters, thicesters, or sulfonamides; luminol, 1soluminel, phenanthridinium
esters, and the hike}, a fluorescent Iabel {such as fluorescemn {(e.g., S-fluorescein, 6-

>

carboxyfluorescein, 3" 6-carboxyfluorescein, 5{6)-carboxyfluorescein, 6-hexachloro-fluorescern,
o-tetrachlorofluorescein, fluorescemn isothiocyanate, and the hike}), rhodamine, phycobiliproteins,
R-phycoerythrin, quantum dots (e.g., zince suifide-capped cadmium selenide), a thermometric
iabel, or an immune-polymerase chain reaction label. An mtroduction to labels, labeling
procedures and detection of labels is found in Polak and Van Noorden, fntroduction io
Immunocytochemistry, 2nd ed., Springer Verlag, NY. (1997}, and n Haugland, Handbook of
Fluorescent Probes and Research Chemicals (1996}, which is a combined handbook and
catalogue published by Molecular Probes, Inc., Eugene, Oregon. A fluorescent label can be used

in FPIA (see, e.c., U.S. Patent Nos. 5,593,896, 5,573,904, 5,496,925, 5,359,093, and 5,352,803,
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which are hereby incorporated by reference in their entireties). An acridinium compound can be
used as a detectable label in a homogeneous chemiluminescent assay {see, e.g., Adameczyk ef af |
Bioorg. Med. Chem. Leit. 16 1324-1328 {2006); Adamczyk et al, Bioorg. Med. Chem. Lett. 4
2313-2317 (2004); Adamezyk et al,, Biorg. Med. Chem. Letr. 14 3917-3921 (2004}; and
Adamczyk et al,, Org. Les. 5 3779-3782 (2003}).

{823%F  In one aspect, the acnidinium compound 13 an acridintum-9-carboxanide. Methods for
preparing acridinium 9-carboxamides are described in Mattingly, J. Biofumin. Chemifumin. 6.
107-114 (1991); Adamczyk et al, J Org. Chem. 63: 5636-5639 (1998); Adamczyk et al,
Tetrahedron 55 10899-10914 (1999); Adamczyk et al, Org. Lert. 1. 779-781 (1999}, Adamezyk
et al., Bioconjugare Chem. 11 714-724 (2000); Mattingly et al., In Luminescence Rintechnology:
Instruments and Applications; Dyke, K. V. Ed.; CRC Press: Boca Raton, pp. 77-105 (2002);
Adamczyvk et al., Org. Lert. S: 3779-3782 (2003); and U.S. Patent Nos. 5,468,646, 5,543 524 and
5,783,699 (each of which is incorporated herein by reference in its entirety for its teachings
regarding same).

18238]  Anocther example of an acridiniom compound 1s an acridinum-9-carboxylate aryl
ester. An example of an acridintum-S-carboxylate aryl ester of formula I 1s 10-methyl-9-
{phenoxycarbonylacridimium fluorosulfonate {available from Cayman Chenucal, Ann Arbor,
Mi). Methods for preparing acridinium 9-carboxylate aryl esters are described 1o MeCapra et al,,
Photochem. Photobiol. 4. 1111-21 (196S); Razavi et al,, Luminescence 15: 245-249 (2000},
Razavi et al., Luminescence 15: 239-244 (2060}; and U.S. Patent No. 5,241,070 {each of which 1s
meorporated herein by reference 1n its entirety for its teachings regarding same). Such
acridinium-9-carboxylate aryl esters are efficient chemiluminescent indicators for hydrogen
peroxide produced n the oxidation of an analyte by at least one oxidase n terms of the intensity
of the signal and/or the rapidity of the signal. The course of the chemiluminescent emission for
the acnidinium-~S-carboxylate aryl ester 13 completed rapidly, 1.e, in under 1 second, while the
acridmiom-%-carboxamide chemiluminescent enussion extends over 2 seconds.  Acridinium-9-
carboxylate aryl ester, however, loses its chemiluminescent properties in the presence of protein.
Therefore, 1ts use requires the absence of protein during signal generation and detection.
Methods for separating or removing proteins in the sample are well-known to those skilled in the
art and include, but are not limited to, ultrafiliration, extraction, precipitation, dialysis,

chromatography, and/or digestion (see, e.g., Wells, High Throughput Bicanalytical Sample
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Preparation. Methods and Automation Strategies, Elsevier {2003)). The amount of protein
removed or separated from the test sample can be about 40%, about 45%, about 50%, about
55%%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, or
about 95%. Further details regarding acridinium-9-carboxylate aryl ester and its use are set forth
i U8, Patent No. 7,906,293, Acndimnium-9-carboxylate aryl esters can be dissolved in any
suitable solvent, such as degassed anhydrous N, N-dimethylformamide (DMF} or aqueous
sedium cholate.

{8231} “Linking sequence” or “linking peptide sequence” refers to a natural or artificial
polypeptide sequence that is connected to one or more polypeptide sequences of interest {¢.g.,
full-length, fragments, etc.). The term “connected” refers to the joining of the linking sequence
to the polypeptide sequence of interest. Such polypeptide sequences are preferably joined by one
or more peptide bonds. Linking sequences can have a length of from about 4 to about 50 amino
acids. Preferably, the length of the linking sequence is from about 6 to about 30 amino acids.
Natural linking sequences can be modified by amino acid substitutions, additions, or deletions to
create artificial buking sequences. Linking sequences can be used for many purposes, including
m recombinant Fabs, Exemplary linking sequences nclude, but are not imued to: (i) Histidine
{His) tags, such as a 6X His tag, which has an amino acid sequence of HHHHHH (SEQ 1D NO:
33, are useful as Iinking sequences to facilitate the isolation and purification of polypeptides and
anttbodies of interest; or (1t) Enterokinase cleavage sites, like His tags, are used 1o the isolation
and purification of proteins and antibodies of interest. Often, enterokinase cleavage sies are
used together with His tags in the solation and purification of proteins and antibodies of interest.
Various enterokinase cleavage sites are known in the art. Examples of enterokiase cleavage
sttes nchude, but are not himited to, the amino acid sequence of DDDDK (SEQ 1D NO: 4) and
derivatives thereof {e.g, ADDDDK {SEQ ID NO: 5), etc.}. Additionally, miscellaneous
sequences can be used to link or connect the light and/or heavy chain vanable regions of single
chain variable region fragments. Examples of other linking sequences can be found m Burd et
al., Science 242: 423-426 (1988}, Huston et al., PNAS USA 85: 5879-5883 (1988}, and
McCafferty et al., Noture 348 552-554 (1990). Linking sequences also can be modified for
additional functions, such as attachment of drugs or attachment to solid supports. In the context
of the present disclosure, the monoclonal antibody, for example, can contain a linking sequence,

such as a His tag, an enterckinase cleavage site, or both.
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19232}  “Monoclonal antibody” as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, 1.e., the mdividual antibodies comprising
the population are identical except for possible naturally occurring mutations that may be present
m minor amounts. Monoclonal antibodies are highly specific, being directed against a single
antigen. Furthermore, in contrast to polyclonal antibody preparations that typically include
different antibodies directed against different determinants {epitopes}, each monoclonal antibody
15 directed against a single determinant on the antigen. The monoclonal antibodies herein
specifically include “chimeric” antibodies in which a portion of the heavy and/or light chain is
identical with or homologous to corresponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of the
chain(s) 1s identical with or homologous to corresponding sequences i antihodies derived from
another species or belonging to another antibody class or subclass, as well as fragments of such
anttbodies, so long as they exhubit the desired biological.

{8233}  “Multivalent binding protein” is used herein to refer to a binding protein comprising
two or more antigen binding sites {also referred to herein as “antigen binding domains™). A
multivalent binding proten 1s preferably engineered to have three or more antigen binding sites,
and 1s generally not a naturally occurring antibody. The term “multispecific binding protein”
refers to a binding protein that can bind two or more related or unrelated targets, mcluding a
binding protein capable of binding two or more different epitopes of the same target molecule.
182341  “Negative predictive valoe” or “NPV” as used interchangeably herein refers to the
probability that a subject has a negative ocuicome (1.¢., the proposed result 15 absent) given that
they have a negaiive test result (1e., the subject that tested negative for the proposed result does
not have the proposed result).

82381 “Nucleocapsid protein” or “N” protein as used interchangeably herein, refers 0 ong of
four main structoral protens of a coronavirus. The N protein 13 the only protein present 1n the
nucleocapsid. It is composed of two separate domains, an N-terminal domain (NTD) and a C-
terminal domain (CTD), both capable of binding RNA #n viro using different mechanisms,
which may suggest that optimal RNA binding requires contributions from both domains. For
example, in SARS-CoV-2, the NTD can be found at ammo acids 1 t0 209 of SEQ D NO 2. In
SARS-CoV, the NTE can be found at amino acids 1 to 210 of SEQ 1D NG 14, For example, in
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SARS-CoV-2Z, the CTD can be found at amino acids 21010 419 of SEQ ID NG .2, In SARS-
oV, the CTD can be found at amino acids 211 t0 422 of SEQ 1D NO: 14,

19236}  1n some aspects descrnibed herein, a nucleocapsid protein is at least a portion {e.g., at
jeast 5 amino acids or more) or the entirety of a nucleocapsid protein from a SARS-CoV-2 strain
of B-coronavirus comprising the sequence of SEQ 1D NG:1, and 1s referred to here as 3 “CTD
peptide”, “Ne-CTD peptide”, or “Ne-{Ubt peptide”.

182371 1n some aspects described herein, at least a portion {e.g., at least 5 amino acids or
more) of a NTD or CTD of a nucleocapsid protein from one strain of B-coronavirus (such as
SARS-CoV or SARS-CoV-2) can be operably linked, fused or grafted directly or indirectly (such
as through one or more linking peptide sequences and/or HIS tags) to all or at least a portion {at
least S amino acids or more} of a NTD or CTD from the same or different strain of B-coronavirus
{such as SARS-CoV or SARS-CoV-2) resulting in a fusion protein, which is an example of a
type of epitope-grafted fusion protein or peptide. For example, in some aspects described
herein, at least a portion {e.g., at least 5 amino acids or more} of a NTD of a nucleocapsid protein
from one strain of B-coronavirus {such as SARS-CoV or SARS-CoV-2) can be operably hinked,
fused or grafted directly or indirectly {such as through one or more linking peptide sequences
and/or HIS tags) to all or at least a portion {at least S amino acids or more) of a NTD from the
same or different strain of B-coronavirus {such as SARS-CoV or SARS-CoV-2) resulting in a
fuston protein which 13 referred to herein as a “Ne-NTD/NTD” fusion protein or peptide {e.g,,
“WNe” referring to macleocapsid).  In some aspects described herein, at least a portion {e.g., at
feast S aming acids or more) of a CTD of a nucleocapsid protein from one stran of §-coronavirus
{such as SARS-CoV or SARS-CoV-2) can be operably linked, fused or grafied directly or
mdirectly {such as through one or more linking peptide sequences and/or HIS tags) to all or at
feast a portion {at least 5 ammo acids or more) of a CTD from the same or different strain of -
coronavirus {such as SARS-CoV or SARS-CoV-2) resulting i a fusion protein which is referred
to herein as a “Ne-CTD/CTD™ fusion protein or peptide. In still other aspects described heren,
at least a portion {e.g., at least 5 amino acids or more} of a NTD of a nuclecocapsid protein from
one strain of B-coronavires {such as SARS-CoV or SARS-CoV-2} can be operably linked, fused
or grafted directly or indirectly (such as through one or more linking peptide sequences and/or
HIS tags} to all or at feast a portion (at least 5 amino acids or more} of a CTD from the same or

different strain of B-coronavirus (such as SARS-CoV or SARS-CoV-2) resulting in a fusion
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protein which is referred to herein as a “eNe-CUTD” fusion protein or peptide, “eNe-Cbt” fuston
protein or pepiide,” or “epitope-grafted CTD fusion protein or peptide, as used interchangeably
herewith.

{8238] “Point-of-care device” refers 1o a device used to provide medical diagnosiic testing at
or near the point-of-care (namely, outside of a laboratory), at the time and place of patient care
{such as in a hospital, physician’s office, urgent or other medical care facility, a patient’s home, a
nursing home and/or a long-term care and/or hospice facility). Examples of point-of-care
devices include those produced by Abbott Laboratories {Abbott Park, IL) {e.g, 1-STAT and i~
STAT Alinuty, Universal Biosensors (Rowville, Australia) (see US 2006/0134713), Axis-Shield
PoC AS (Oslo, Norway) and Chinical Lab Products (Los Angeles, USA)

{82391  “Positive predictive value” or “PPV” as used interchangeably herein refers to the
probability that a subject has a positive outcome (i.e., the proposed result is present) given that
they have a positive test result (i.e., the subject that tested positive for the proposed result has the
proposed result).

{8248]  “Quality control reagents” in the context of immunoassays and kits described herein,
melude, but are not hmited to, calibrators, controls, and sensitivity panels. A “calibrator” or
“standard” typically s used {e.g., one or more, such as a plurality} in order to establish
calibration {standard} curves for mterpolation of the concentration of an analyte, such as an
anttbody or an analyte. Alternatively, a single calibrator, which 1s near a reference level or
control level {e.g., “low”, “medium”, or “high” levels}, can be used. Multiple cabibrators (1.e,,
more than one calibrator or a varying amount of calibrator(s)) can be used in conjunction {o
comprise a “sensitivity panel”

{82411 A “receiver operating characteristic” curve or “ROC” curve refers to a graphieal plot
that itustrates the performance of a binary classifier system as its discrimination threshold is
varied. For example, 3 ROC curve can be a plot of the true positive rate agamnst the false posttive
fraction of true positives out of the positives {TPR = trug positive rate) versus. the fraction of
false positives out of the negatives (FPR = false positive rate), at varigus threshold settings. TPR
is also known as sensitivity, and FPR is one minus the specificity or true negative rate. The ROC
curve demonstrates the tradeoff between sensitivity and specificity {any increase in sensitivity

will be accompanied by a decrease in specificity}; the closer the curve follows the left-hand
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border and then the top border of the ROC space, the more accurate the test; the closer the curve
comes to the 45-degree diagonal of the ROC space, the less accurate the test; the slope of the
tangent line at a cutoff point gives the likelihood ratic (LR for that value of the test; and the area
under the curve is a measure of test accuracy.

{9242}  “Recombinant antibody” and “recombinant antibodies” refer to antibodies prepared by
one or more steps, including cloning nucleic acid sequences encoding all or a past of one or more
monocional antibodies into an appropriate expression vector by recombinant techniques and
subsequently expressing the antibody in an appropriate host cell. The terms include, but are not
limited to, recombinantly produced monoclonal antibodies, chimeric antibodies, humanized
antthodies (fully or partially humanized), multi-specific or multi-valent structures formed from
antibody fragments, bifunctional antibodies, heteroconjugate Abs, DVD-1g®s, and other
antthodies as described herein (Dual-variable domain immunoglobulins and methods for making
them are described im Wu, C., ef af., Nanure Biotechnology, 25:1290-1297 (20073). The term
“bifunctional antibody,” as used herein, refers to an antibody that comprises a first arm having a
specificity for one antigenic site and a second arm having a specificity for a different antigenic
site, 1.e., the bifunctional antibodies have a dual specificity.

{82431  “Reference level” as used herein refers to an assay cutoff value {or level) that 18 used
to assess diagnostic, prognostic, or therapeutic efficacy and that has been hinked or is associated
herein with various cliucal parameters {e.g., presence of disease, stage of disease, severity of
disease, progression, non-progression, or improvement of disease, ete.). As used herem, the term
“cutoff” refers to a limit (e g, such as a number) above which there is 3 certain or specific
climical outcome and below which there 15 a different certain or specific climeal outcome.

{82441  This disclosure provides exemplary reference levels, However, 1t 1s well-known that
reference levels may vary depending on the nature of the immunoassay {e.g., capture and
detection reagents employed, reaction conditions, sample purity, etc.} and that assays can be
compared and standardized. It further 13 wel withm the ordmary skill of one i the art to adapt
the disclosure herein for other immunoassays to obtain immunoassay-specific reference levels
for those other immunoassays based on the description provided by this disclosure. Whereas the
precise value of the reference level may vary between assays, the findings as described herein

should be generally applicable and capable of being extrapolated to other assays.
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192458]  “Sample,” “test sample,” “specimen,” “sample from a subject,” “biological sample,”
and “patient sample” as used interchangeably herein may be a sample of blood, such as whole
biced {(including for example, capillary blood, venous blood, dried blood spot, etc.), tissue, urine,
seruim, plasme, amniotic fluid, an anal sample {such as an anal swab specimen)}, lower respiratory
specimens such as, but not limited to, sputum, endotracheal aspirate or bronchoalveolar lavage,
nasal mucus, cerebrospinal fluid, placental cells or tissue, endothelial cells, leukocyies, or
monocyies. The sample can be used directly as obtained from a patient or can be pre-ireated,
such as by filtration, distillation, extraction, concentration, centrifugation, inactivation of
interfering components, addition of reagents, and the like, to modify the character of the sample
m some manner as discussed herein or otherwise as is known in the art. Additionally, the sample
can be a nasopharyngeal or oropharyngeal sample obtamed using one or more swabs that, once
obtained, is placed in a sterile tube containing a virus transport media (VIM) or universal
transport media (UTM), for testing,.

18346] A variety of cell types, tissue, or bodily fluid may be utilized to obtain a sample. Such
cell types, tissues, and fluid may nclude sections of tissues such as biopsy and autopsy samples,
oropharyngeal specimens, nasopharyngeal specimens, nasal mucus specimens, frozen sections
taken for histologic purposes, blood (such as whole blood, dried blood spots, etc ), plasma,
serurn, red blood celis, platelets, an anal sarople {such as an aval swab specimen), interstitial
fluid, cerebralspinal fluid, ete. Cell types and tissues may also clude lymph fluid,
cerebrospinal fhind, or any fluid collected by aspiration. A tissue or cell type may be provided by
removing a sample of cells from a8 human and a non-human animal, but can also be
accomplished by using previously 1solated cells {e.g., 1solated by another person, at ancther time,
and/or for another purpose). Archival tissues, such as those having treatment or outcome history,
may also be used. Protein or nucleotide 1solation and/or purification may not be necessary. In
some embodiments, the sample 13 2 whole blood sample. In some embodiments, the sampleisa
capillary blood sample. In some embodiments, the sample 15 a dried blood spot. In some
embodiments, the sample is a serum sample. In vet other embodiments, the sample 1s a plasma
sample. In some embodiments, the sample is an oropharyngeal specimen. In other
embodiments, the sample is a nasopharyngeal specimen. In other embodiments, the sample 1s

sputum. In other embodiments, the sample 15 endotracheal aspirate. In suill yet other
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embodiments, the sample is bronchoalveolar lavage. In still vet other aspects, the sample is nasal
mucus. In still yet further aspects, the sample is an anal swab specimen.

192471 “Sensitivity” of an assay as used herein refers to the proportion of subjects for whom
the outcome 1s positive that are correctly identified as positive (e.g., correctly 1dentifing those
subjects with a disease or medical condition for which they are being tested). For example, this
might include correctly identifving subjects as having been infected with a coronavirus, suchas a
B-coronavirus (such as SARS-CoV or SARS-CoV-2}, from those who do not have not been
mfected with a coronavirus, such as a B-coronavirus {such as SARS-CoV or SARS-CoV-2).
18248}  “Signal-to-calibrater” or “8/C” ratio as used herein, refers to the ratio of detectable
signal {e g., such as in reference light units) to a signal for a calibrator for at least one biclogical
sample obtained for at least one subject pursuant to the methods of the present disclosure. When
the signal-to-calibrator value is greater than a reference level or cutoff, then the subject 1s
reactive {e.g., positive) for the analyte {e.g., anti-B-coronavirus antibody {e.g., SARS-CoV or
SARS-CoV-2)) detected. For example, in the methods described herein, if the reference level or
cutoff for the signal-to-calibrator ratio 1s 1.0, any subject tested baving a signal-to-calibrator ratio
greater than or equal to 1.0 will be considered reactive, namely, positive for at least one anti-B-
coronavirus antibody {e.g, SARS-CoV or SARS-CoV-2). However, if the subject tested has a
signal-to-calibrator ratio less than the reference level or cutoft of 1.0, then the subject will be
considered not to be reactive, namely, negative for at least anti-B-coronavirus antibody {e.g.,
SARS-CoV or SARS-CoV-2).

{82481  “Specimen-to-calibrator” or “S/CO” ratio as used herein, refers to the ratio of
detectable signal (e.g., such as in reference light units (RLUY) of a specimen/sample to detectable
signal for a calibrator in at least one biological sampie obtained from at least one subject
pursuant to the methods of the present disclosure. A S/C0 ratio is determined when a calibrator
15 not directly associated with a cutoff or reference level, and thus requires the use of an
equation. Example equations that can be used to calcudate the 5/CC are: 1. Detectable signal of
the specimen/sample (e.g., RLU s}/{detectable signal of the calibrator {e.g., RLUsYX), where X
is a correction factor {e.g., multiphier) of the calibrator to a cutoft or reference level; or 2.
Detectable signal of the specimen/sample (e.g., RLU s} multiplied by (X/detectable signal of the
cahibrator {e.g., RLUs)). For example, if the correction factor is 4 times a cutoff due to the

precision of assay being higher at 4 times at the cutoff, X would be 4. If the calibrator RLUs are
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24,000 RLU’s and the specimen/sample REU s are 12,000, the S/CO would be calculated: (1}
Equation 1. 12,000 RLI /(24,000 RLU s/4)=2.0; or (2) Bquation 2: 12,000 RLU’s x (4/24,000
RLEs)=2.0. Thus, in this example, the 8/CO ratio would be 2.0

[82568] “Speaficity” of an assay as used herein refers o the proportion of subjects for whom
the outcome 18 negative that are correctly identified as negative (e.g., correctly identifying those
subtects who do not have a disease or medical condition for which they are being tested). For
example, this might include correctly identifying subjects having being infected with a
coronavirus, such as a f-coronavirus (such as SARS-CoV or SARS-CoV-2}, from those who
have not been infected with a coronavirus, such as a B-coronavirus (such as SARS-CoV or
SARS-CoV-2).

{8251}  “Series of calibrating compositions” refers to a plurality of compositions comprising a
known concentration of the analvtes, such as one or more antibodies (such as anti-B-coronavirus
anttbodies (such as anti-SARS-CoV (1gG or {gM) antibodies or anti-SARS-CoV-Z (1gG or IgM)
antthodies)), or polypeptides {such as one or more peptides derived from a P-coronavirus, such as
SARS-CoV or SARS-CoV-2) wherein each of the compositions differs from the other
composttions in the series by the concentration of the analytes, such as anti-B-coronavirus
antibodies {(such as anti-SARS-CoV (IaG or IgM) antibodies or anti-SARS-CoV-2 (IaG or IgM)
antibodies).

{8252}  As used herein the term "single molecule detection” refers to the detection and/or
measurement of a single molecule of an analyte in a test sarnple at very low levels of
concentration (such as pg/ml or femtogram/ml levels). A number of different single molecule
analyzers or devices are known in the art and include nanopore and nanowell devices. Examples
of nanopore devices are described in PCT International Application WO 2016/161402, which 13
hereby incorporated by reference in its entirety. Examples of nanowell device are described in
PCT International Application W 2016/161400, which is hereby incorporated by reference in
s entirety.

{62531 “Solid phase” or “solid support” as used interchangeably herein, refers to any material
that can be used to attach and/or attract and immobilize (1} one or more capture agents or capture
specific binding partners, or (2} one or more detection agents or detection specific binding
partners. The solid phase can be chosen for 1ts intrinsic ability to attract and immobilize a

capture agent. Alternatively, the solid phase can have affixed thereto a linking agent that has the
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ability to atiract and immobilize the (1) capture agent or capture specific binding partner, or {2)
detection agent or detection specific binding partner. For example, the linking agent can include
a charged substance that is oppositely charged with respect to the capture agent (e.g., capture
specific binding partner} or detection agent (e.g., detection specific binding pariner} itself orto a
charged substance conjugated to the (1} capture agent or capture specific binding partner, or (2}
detection agent or detection specific binding partner. In general, the linking agent can be any
binding partner {preferably specific} that s immobilized on {(attached to} the solid phase and that
has the ability to immobilize the (1) capture agent or capture specific hinding partner, or (2)
detection agent or detection specific binding partner through a binding reaction. The linking
agent enables the indirect binding of the capture agent {0 a solid phase material before the
performance of the assay or during the performance of the assay. For examples, the solid phase
can be plastic, derivatized plastic, magnetic, or non-magnetic metal, glass or silicon, including,
for example, a test tube, microtiter well, sheet, bead, microparticle, chip, and other
configurations known to those of ordinary skill in the art.

{8284]  “Speafic binding” or “specifically binding” as used herein may refer to the interaction
of an antibody, a protein, or a peptide with a second chemical species, wherein the mteraction 13
dependent upon the presence of a particular structure (e.g., an antigenic determinant or epitope)
on the chemical species; for example, an antibody recognizes and binds to a spectfic protemn
structure rather than to proteins generally. If an anttbody is specific for epitope “A”, the
presence of a molecule containing epitope A (or free, uniabeled A}, in 8 reaction containing
fabeled “A” and the antibody, will reduce the amount of labeled A bound to the antibody.

{82381 “Specific binding partner” or “Specific bindimg member”| as used mterchangeable
herein, 18 a member of a specific binding pair. A specific binding pair comprises two different
molecules, which specifically bind to each other through chemical or physical means, Therefore,
in addition to antigen and antibody specific binding pairs of cormmon immunoassays, other
specific binding pairs can include biotin and avidin {or streptaviding, carbohydrates and lecting,
complementary nucleotide sequences, effector and receptor molecules, cofactors and enzymes,
enzymes and enzyme inhibitors, and the like. Furthermore, specific binding pairs can include
members that are analogs of the original specific binding members, for example, an analyte-

analog. Immunoreactive specific binding members include antigens, antigen fragments, and
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antibodies, including monoclonal and polyclonal antibodies as well as complexes and fragments
thereof, whether isolated or recombinantly produced.

19256}  “Spike protein” or “8” protein as used mterchangeably herein refers to one of four
main structural proteins of a coronavirus. The spike protein 13 heavily N-hinked glycosylated and
utilizes an N-terminal signal sequence 1o gain access {o the endoplasmic reticulum (ER).
Homotrimers of the virus-encoding S protein make up the distinctive spike structure on the
surface of the virus. In many coronaviruses, the S protein is cleaved by a host cell furin-like
profease into two separate polypeptides noted 81 and 82, S1 makes up the large receptor-binding
domain {RBD) of the § protein while 82 forms the stalk of the spike molecule. In SARS-CoV-2,
the RBD can be found at amino acids 319 to 542 of SEQ ID NG:15. For example, in SARS-
CoV, the RBD can be found at amino acids 306 to 528 of SEQ 1D NG:16 (Yuan et al,, Science,
published on-line on April 3, 2020 (10.1126/science abb7269) refers to residue “5297, however,
based on the true counting of the last residues of the sequence this appears to be an error). The
trimeric S glycoprotein mediates attachment of the coronavirus virion to the host cell by
interactions between the S protein and #ts receptor. In humans, angiotensin-converting enzyme 2
{ACEZ) 1s the receptor for SARS-CoV and SARS-CoV-2.

{82571 In some aspects described herein, at least portion {e.g ., at least 5 amino acids or more)
of {a) a 81 polypeptide, a 82 polypeptide, and/or a RBD of a spike protein from one strain of B-
coronavirus {e.g., SARS-CoV or SARS-CoV-2); or (b} an epitope from monocional antibody
CR3022 {described in U.S. Patent No. 8,106,170, ter Meulen, et al., PLOS Medicine, 3(7y:.1071-
1079 (uly 20063 and Yuan et a., Science, published on-line on April 3, 2020

{10.1126/science. abb7265) the contents of which are heremn mcorporated by reference) is
operably hnked, fused or grafted directly or indirectly (such as through one or more linking
peptide sequences and/or HIS tags) to all or at least a portion {at least S amino acids or more} of
a S1 polypeptide, a S2 polypeptide, and/or a RBD from the same or different strain of -
coronavirus {e.g., SARS-CoV or SARS-CoV-2) resulting m a fuston protem which 1s referred to
herein as an “epitope-grafted spike” fusion protein or peptide. In some aspects, at least portion
{e.g., at least 5 amino acids or more} of an epitope from monocional antibody CR3022 {described
m U8, Patent No. 8,106,170, ter Meulen, et al., PLOS Medicine, 3(7):1071-1079 (July 2006} and
Yuan et al., Science, published on-line on Apnl 3, 2020 (10.1126/science.abb7269) the contents

of which are herem incorporated by reference) is operably linked, fused or grafied directly or
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mdirectly {such as through one or more linking peptide sequences and/or HIS tags) to all or at
feast a portion {at least 5 amuino acids or more) of a RBD of a B-coronavirus (e.g., SARS-CoV or
SARS-CoV-2) resulting in a fusion protein which is referred to herein as an “eptiope-grafted
RBD” fusion protein or peptide.

19258]  “Staustically significant” as used herein refers to the hikelihood that a refationship
between two or more variables is caused by something other than random chance. Statistical
hypothesis testing 1s used to determine whether the result of a data set is statistically significant.
In statistical hypothesis testing, a statistical significant result 5 attained whenever the observed
pvalue of a test statistic 1s less than the significance level defined of the study. The p-value s
the probability of obtaining results at least as extreme as those observed, given that the null
hypothesis is true. Examples of statisiical hypothesis analysis include Wilcoxon signed-rank
test, t-test, Chi-Square or Fisher’s exact test. “Significant” as used herein refers to a change that
has not been determined to be statistically significant {e g, it may not have been subject to
statistical hypothesis testing).

{8239]  “Subject” and “patient” as used herein interchangeably refers to any vertebrate,
meluding, but not imiuted to, a mammal {e.g., a bear, cow, cattle, pig, camel, ama, horse, goat,
rabbit, sheep, hamster, guinea pig, cat, tiger, lion, cheetah, jaguar, bobeat, mountain lion, dog,
wolf, coyote, rat, mouse, and a non-human primate {for example, a monkey, such as a
cynomolgous ot rhesus monkey, chimpanzee, ete.) and a buman}. In some embodiments, the
subject may be a human, a non-human primate or a cat. In some embodiments, the subjectis a
human, The subject or patient may be undergoing other forms of treatment. In some
embodiments, the subject 15 a human that may be undergoing other forms of treatment. In some
embodiments, the subject 1s suspected to have, have had or has been exposed to a subject that has
had or tested positive for mfection with a coronavirus, such as a B-coronavirus (such as SARS-
CoV or SARS-CoV-2}. In other emboduments, the subject 13 completely asymptomatic and does
not exhibit any symptoms of a coronavirus, such as a ff~coronavirus (such as SARS-CoV or
SARS-CoV-2}, and may or may not have been exposed to a subject that has or has been exposed
or infected with a coronavirus, such as a B-coronavirus {such as SARS-CoV or SARS-CoV-2).
{8268]  As used herein, a “system” refers to a plurality of real and/or abstract elements
operating together for a common purpose. In some embodiments, a “system” is an integrated

assemblage of hardware and/or software elements. In some embodiments, each component of the
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system interacts with one or more other elements and/or is related to one or more other
elements. In some embodiments, a system refers to a combination of elements and software for
controlling and directing methods.

{8263}  As used herein, the term “test strip” can inchude one or more bibulous or non-bibulous
materials. If 8 test strip comprises more than one material, the one or more materials are
preferably in fhud communication. One material of a test strip may be overlaid on another
material of the test strip, such as for example, filter paper overlaid on nitrocellulose.
Alternatively or in addition, a test strip may mnclude a region comprising ong or more materials
followed by a region comprising one or more different materials. In this case, the regions are in
fluid communication and may or may not partially overlap one another. Suitable materials for
test strips include, but are not limited to, materials derived from cellulose, such as filter paper,
chromatographic paper, nitrocellulose, and cellulose acetate, as well as materials made of glass
fibers, nylon, dacron, PV, polyacrylamide, cross-linked dextran, agarose, polvacrylate, ceramic
materials, and the like. The material or materials of the test strip may optionaily be treated to
modify their capilary flow characteristics or the characteristics of the applhied sample. For
example, the sample application region of the test strip may be treated with buffers to correct the
pH, salt concentration, or specific gravity of an applied sample to optimize test conditions.
{82821  The matenal or materials can be a single structure such as a sheet cut o strips or it
can be several strips or particulate material bound to a support or solid surface such as found, for
example, n thin-layer chromatography and may have an absorbent pad either as an integral part
or in Hquid contact. The material can also be a shest having lanes thereon, capable of spotting to
mduce lane formation, wherein a separate assay can be conducied m each lane. The material can
have a rectangular, circular, oval, tnangalar, or other shape provided that there 1s at least one
direction of traversal of 3 test solution by capillary migration. Gther directions of traversal may
occur such as in an oval or circular prece contacted 1n the center with the test solution. However,
the main consideration s that there be at least one direction of flow to a predetermined site.
{62631 The support for the test strip, where a support is desired or necessary, will normally be
water insoluble, frequently non-porous and rigid but may be elastic, usually hydrophobic, and
porous and usually will be of the same length and width as the strip but may be larger or smaller.
The support material can be transpareni, and, when a test device of the present technology s

assembled, a transparent support material can be on the side of the test sirip that can be viewed
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by the user, such that the transparent support material forms a protective layer over the test strip
where 1t may be exposed to the external environment, such as by an aperture in the front of a test
device. A wide variety of non-mobilizable and non-mobilizable materials, both natural and
synthetic, and combinations thereof, may be employed provided only that the support does not
interfere with the capillary action of the material or matenials, or non-specifically bind assay
components, or interfere with the signal producing system. Hustrative polymers include
polvethylene, polypropylene, poly(4-methylbutene), polystyrene, polvmethacrylate,
poly{ethvlene terephthalate), nvlon, poly{vinyl butyrate), glass, ceramics, metals, and the like.
Elastic supports may be made of polyurethane, neoprene, latex, silicone rubber and the like.
{9264]  “Treat,” “treating” or “treatment” are each used interchangeably herein to describe
reversing, alleviating, or inhibiting the progress of a disease and/or injury, or one or more
symptoms of such disease, to which such term applies. Depending on the condition of the
subject, the term also refers to preventing a disease, and mcludes preventing the onset of a
disease, or preventing the symptoms associated with a disease. A treatment may be either
performed in an acute or chronic way. The term also refers to reducing the severity of a disease
or symptons associated with such disease prior to affliction with the disease. Such prevention or
reduction of the severity of a disease prior to affliction refers to adounistration of a
pharmaceutical composition to a subject that is not at the time of administration affticted with the
disease. “Preventing” also refers to preventing the recurrence of a disease or of one or more
symptoms associated with such disease. “Treatment” and “therapeutically,” refer to the act of
treating, as “treating” is defined above.

826581 “Vanant” s used heremn to describe a peptide or polypeptide that differs from a
reference peptide or polypeptide m amino acid sequence by the nsertion, deletion, or
conservative substitution of aminoe acids, but retains at least one biological activity.
Representative examples of “biological activity” include the ability to be bound by a specific
antigen or antibody, or to promote an immune response.  Variant is also used herein to describe a
profein with an amino acid sequence that is substantially identical to a referenced protein with an
amino acid sequence that retaing at least one biological activity. A conservative substitution of
an aming acid, 1e., replacing an amino acid with a different amino acid of similar properties
{e.2., hvdrophilicity, degree, and distribution of charged regions) is recognized in the art as

typically involving a minor change. These muinor changes can be identified, in part, by
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considering the hvdropathic mdex of amine acids, as understood in the art. Kyte etal., /. Mol
Biol 157:105-132 (1982). The hydropathic index of an amino acid is based on a consideration
of its hvdrophobicity and charge. 1t is known in the art that amino acids of similar hydropathic
mdexes can be subsiituted and still retain proten function. In one aspect, amino acids having
hydropathic mdexes of 2 are substituted. The hydrophilicity of amino acids can also be used to
reveal substitutions that would result in proteins retaining biological function. A consideration
of the hydrophilicity of amino acids in the context of a peptide permuts calculation of the greatest
local average hydrophilicity of that peptide, a useful measure that has been reported to correlate
well with antigenicity and immunogenicity. U.S. Patent No. 4,554,101, incorporated fully herein
by reference. Substitution of amino acids having similar hydrophilicity values can result in
peptides retaining biological activity, for example immunogenicity, as is understood in the art.
Substitutions may be performed with amino acids having hvdrophilicity values within £2 of each
other. Both the hydrophobicity index and the hydrophilicity value of amino acids are mfluenced
by the particular side chain of that amino acid. Consistent with that observation, amino acid
substitutions that are compatible with biological function are understood to depend on the
relative simidarty of the amine acids, and particularly the side chains of those amino acids, as
revealed by the hydrophobicity, hydrophilicity, charge, size, and other properties. “Varnant” also
can be used to refer to an antigenically-reactive fragment of an anti-analyte antibody that differs
from the corresponding fragment of anti-analvie antthody in armamo acid sequence but 1s still
antigenically reactive and can compete with the corresponding fragment of anti-analyte antibody
for bindmg with the analyte. “Variant” also can be used to describe a polypepiide or a fragment
thereof that has been differentially processed, such as by proteolysis, phosphorylation, or other
post-translational modification, yet retains its antigen reactivity.

{82661  “Vector” 13 used herein to deseribe a nucleic acid molecule that can transport another
nucleic acid to which it has been linked. One type of vector 1s a “plasmid”, which refers to a
circular double~-stranded DNA loop into which additional DNA segments may be higated.
Another type of vector is a viral vector, wherein additional BNA segments may be ligated into
the viral genome. Certain vectors can replicate autonomousty in a host cell into which they are
mtroduced (e.g., bacterial vectors having a bacterial origin of replication and episomal
mammalian veciors). Other vectors (e g, non-episomal mammalian vectors) can be integrated

mto the genome of a host cell upon mtroduction into the host cell, and thereby are replicated

o
—



WO 2021/211332 PCT/US2021/026149

along with the host genome. Moreover, certain vectors are capable of directing the expression of
genes to which they are operatively linked. Such vectors are referred to herein as “recombinant
expression vectors” {or simply, “expression vectors”). In general, expression vectors of utility in
recombinant DNA techniques are often in the form of plasmids. “Plasmid” and “vector” may be
used interchangeably as the plasmid is the most commonly used form of vecior. However, other
forms of expression vectors, such as viral vectors (e g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve equivalent functions, can be used. In
this regard, RNA versions of vectors (including RNA viral vectors) may also find use in the
context of the present disclosure.

{92671  Unless otherwise defined herein, scientific and technical terms used in connection with
the present disclosure shall have the meanings that are commonly understood by those of
ordinary skill in the art. For example, any nomenclatures used in connection with,

and techniques of, cell and tissue culture, molecular biology, immunology, microbiology,
genetics and protein and nucleic acid chemistry and hybridization described herein are those that
are well known and commonly used 1n the art. The meaning and scope of the terms should be
clear; in the event, however of any latent ambiguity, definitions provided herein take precedent
over any dictionary or extrinsic definttion. Further, unless otherwise required by context,
singular terms shall include pluralities and plural terms shall include the singular.

2. Methods for detecting the presence of or determining the guantity, amount, level

and/or concentration of an antibody against at least one type of fi-coronavirus (such as
SARS-CoV or SARS-CeoV-2) in a subject

[8268]  The present disclosure relates to methods for (a) detecting the presence of at least one
type of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2} (sometimes referred to as a qualitative
method or assay); or {b) determuning or measuring the quantity, amount, level or concentration
{e.g., guantitating {(which includes semi-guantitating)) of at feast one type of B-coronavirus (e.g.,
SARS-CoV or SARS-CoV-2), in one or more bislogical samples obtained from one or more
subjects. In some aspects, the methods deseribed herein may be (4} semi-quantitative; (b}
quantitative; or (¢} qualitative. In some aspects, the method described heremn 1s seni-
guantitative, e.g., the method is not standardized against an internationally recognized standard
{such as 3 WHO international standard {e.g., such as im BAU/mL)). In other aspects, the method
described herein 15 quantifative, e.g., the method can be standardized against an internationally

recognized standard, such as, for example, a WHO mternational standard (e.g., such as in
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BAU/mL). In yet further aspects, the method described herein is qualitative, e g, a single-to-
calibrator ratio (8/CO) is obtained or determined. An understanding of whether a method 1s
semi-quantitative, quantitative or gualitative, and adapiation of the method to either semi-
quantiiative, quantitative or qualitative 1s well known and done using routine techniques known
i the art. In still yet other aspects, the methods described herein can be used as an aid in the
diagnosis of a SARS-CoV-2 infection. For example, the methods described herein can be used
in conjunction with clinical presentation and other laboratory tests to aid in the diagnosis of
SARS-CoV-2 infection in a subject {e.g., who may or may not exhibit signs and/or symaptoms of
infection and suspected of having SARS-CoV-2).

{9268  In some aspects, the detection in samples of antibodies directed against at least one
type of B-coronavirus (such as SARS-CoV or SARS-CoV-2} signals a reaction to B-coronavirus
{such as SARS-CoV or SARS-CoV-2), and thus the past or current presence in the subject of at
ieast one type of B-coronavirus (such as SARS-CoV or SARS-CoV-2}. ln one aspect, the
methods relate to (a) detecting the presence of (e.g., which can be qualitative as well as semi-
quantitative or quantitative) at least one type of anti-P-coronavirus antibody {e.g., an anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody); or (b} deternuning or measuring the quantity,
arount, level or concentration {e.g., quantitating {which includes semi-quantitating}) of at least
one type of anti-B-coronavirus antibody (e g, an anti-SARS-CoV antibody or anti-SARS-CoV-2
anttbody), 1 one or more biological samples obtained from one or more subjects {e.g., who may
or may not exhibit signs and/or symptoms of mfection and s suspected of having at least one
type of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2)). In some aspects, when the methods
measure the quantity, amount, level or concentration {e.g., quantitating {(which inclodes semi-
quantitating)) of at least one type anti-B-coronavirus antibody (such as at least one anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody), the method can be performed without diution of
the biological sample. In vet other aspects, when the methods measure the quantity, amount,
level or concentration {e.g, quantitating {which mcludes semi-quantitating)) of at least one type
of anti-P-coronavirus antibody {such as at least one anti-SARS-CoV antibody or anti-SARS-
CoV-2 antibody), the method can be performed without dilution of the biclogical sample when
monitoring vaccineg response 1o subjects recetving or administered at least one type of -
coronavirys {e.g, SARS-CoV or SARS-CoV-2) vaccine {e.g., a first or initial vaceine and/or one

of more subsequent {e.g., booster} vaccines).In vet another aspect, the methods relate to detecting
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the presence of {(which can be gualitative as well as semi-quantitative or quantitative) at least one
type of anti-B-coronavirus (1gG and/or IgM) antibody, such as at least one anti-SARS-CoV (I2G
and/or IgM) antibody or anti-SARS-Ce V-2 (IgG and/or fgM)} antibody, in one or more biological
samples obtained from a subject {e.g., such as a human, a non-human primate, a cat, a dog, eic.).
In another aspect, the methods relate o deternmining or measuring the quantity, amount, level or
conceniration of at least one type of anti-B-coronavirus {Ig(y and/or IgM) antibody, such as at
ieast one anti-SARS-CoV (Ig( and/or IgM) antibody or anti-SARS-CoV-2 (IgG and/or IgM)
antibody, in one or more biological samples obtained from a subject {e.g., such as a human, a
non-human primate, a cat, a dog, etc.). In yet a further aspect, the methods relate to detecting the
presence of at least one type of anti-SARS-CoV {IgG and/or IgM) antibody or anti-SARS-CoV-2
{IgG and/or IgM) antibody in one or more biclogical samples obtained from one or more
subjects {e.g., who may or may not exhibit signs and/or sympioms of infection and suspected of
having SARS-CoV or SARS-CoV-2).

In still vet a further aspect, the methods relate to determining or measuring the quantity, amount,
ievel or concentration of at least one type of anti-SARS-CoV (IgG and/or IgM) antibody or anti-
SARS-CoV-2 (I and/or IgM) antibody 1n one or more biological saroples obtained from one
or more subjects {e.g., who may or may not exhibit signs and/or symptoros of infection and are
suspected of baving SARS-CoV or SARS-CoV-2). Tn this aspect, the method the method can
further comprise the step of assigning the subject differentiative rating (e g., color and/or number
rating} {such as that deseribed i Section 14), indicating whether the subject is likely to have
mmunity {e.g., or has likely developed protective mumunity ) from nfection from at least one
type of SARS-CoV-2 based on the quaniity, amount, level or concentration of at feast one type of
anti-SARS-CoV-2 antibody detected or determined in the biclogical sample. Sucha
differentiative rating (e.g., color and/or number rating} can be displayed on a mobile device, such
as through a mobile apphication. In yet a further aspect, the methods relate to detecting the
presence of at least one type of human anti-SARS-CoV (IgG and/or IgM) antibody or human
anti-SARS-CoV-2 (IgG and/or IgM) antibody in one or more biological samples obtained from
one or more human subjects (e.g., who may or may not exhibit signs and/or symptoms of
mfection and are suspected of having SARS-CoV or SARS-CoV-2). In this aspect, the method
further comprises the step of assigning the subject differentiative rating (e.g., color and/or

number rating) {(such as that described in Section 14), indicating whether the subject 1s likely to
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have immunity (e.g., or has likely developed protective immumity) from infection from at least
one type of SARS-CoV-2 based on the presence of at least one type of anti-SARS-CoV-2
antibody detected or determined in the biological sample. Such a differentiative rating {e.g.,
color and/or number rating) can be displayed on a mobile device, such as through a mobile
application. In still vet another aspect, the methods relate to detecting the presence of at least
one human anti-SARS-CoV 126 antibody and at least one huoman anti-SARS-CoV IgM antibody
or of at feast one human anti-SARS-CoV-2 Ig(s antibody and at least one human anti-SARS-
CoV-2 IgM antibody. In still vet a further aspect, the methods relate to determing or measuring
the gquantity, amount, level or concentration of at least one type of human anti-SARS-CoV {(IgG
and/or IgM) antibody or human anti-SARS-CoV-2 (IeG and/or IgM) antibody in one or more
biological samples obtained from one or more human subjects {e.g., who may or may not exhibit
signs and/or symptoms of infection and suspected of having SARS-CoV or SARS-CoV-2). In
vet stilf a further aspect, the methods relate to determining or measuring the quantity, amount,
level or concentration of at least one human anti-SARS-CoV IgG antibody and at least one
human anti-SARS-CoV IgM antibody or of at least one human anti-SARS-CoV-2 1gG antibody
and at least one human anti-SARS-CoV-2 IgM antibody. It should be understood that a
“negative” result obtained using the methods described herein (e g, where the presence of at
ieast one type of anti-B-coronavirus {1gG and/or IgM) antibody 1s not detected and/or the
quantity, aroount, level or concentration of at least one type of anti-B-coronavirus (IgG and/or
IgM) antibody cannot be determined or is below a predetermined level or cutoff) does not rule
out prior or concurrent infection with at least one type of B-coronavirus {e.g., such as SARS-CoV
or SARS-CoV-2}, particslarly 1o those subjects who have been i contact with the virus (e.g,,
health care workers). Typically such subjects might receive follow-up or further testing with a
molecular diagnostic to further rule out infection 1n said mdividuals,

{82781 In some embodiments, detecting the presence of or measuoring the quantity, amount,
ievel or concentration of at least one type of anti-B-coronavirus antibody {such as at least one
anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody) includes contacting the sample, either
simultaneously or sequentially, in any order, with: (1) at least one type of first specific binding
partner which specifically binds to at least one type of anti-8-coronavirus antibody to form at
ieast one type of first specific binding partner-anti-B-coronavirus antibody complex; and (2} at

jeast one type of second specific binding pariner comprising at least one detectable label (e.g.,
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detection reagent) that specifically binds to the at least one type of §-coronavirus (such as SARS-
CoV or SARS-CoV-2} antibody at a different location than the at least one type of first specific
binding partner such that an at least one type of first specific binding partner-anti-B-coronavirus
anttbody-second specific binding partner complex is formed, and detecting the presence or
determining or measuring the amount or concentration of at least one type of anti-f-coronavirus
antibody (such as an anti-SARS-CoV (e.g., 1gG and/or 1gM) antibody or anti-SARS-CoV-2 {(e.g.,
1gG and/or 1gM) antibody} in the sample based on the signal generated by the detectable label
the at least one type of first specific binding partner-anti-B-coronavirus antibody-second specific
binding partner complex. In some aspects, when measuring the quantity, amount, level or
conceniration of at least one type of anti-B-coronavirus antibody (such as at least one anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody), the method can be performed without dilution of
the biological sample. 1n yet other aspects, when the methods measure the quantity, amount,
level or concentration of at least one type of anti-B-coronavirus antibody {(such as at least one
anti-SARS-CoV antibody or anti-SARS-CoV-2 antibady), the method can be performed without
dilution of the biological sample when moniforing vaceine response 1o subjects receiving or
admirustered at least one type of B-coronavirus {e.g, SARS-CoV or SARS-CoV-2) vaccine {e.g.,
a first or inutial vaceine and/or one or more subsequent {e.g., booster) vaccines). See, for
example, as shown in Fig. 8.

{8271} In some embodiments, the at least one first specific binding partner {e.g., capture
reagent) comprises at least one recombinant antigen. The at least one recombinant antigen
comprises at least one B-coronavirus (such as SARS-CoV or SARS-CoV-2}) isolated polypeptide
or variant thereof from (a} a nucleocapsid protein or variant thereof from a B-coronavirus (such
as SARS-CoV or SARS-CoV-2}; (b} a spike protein or a variant thereof from a f-coronavirus
{such as SARS-CoV or SARS-CoV-2}; or {c} a nucleocapsid protein and spike protein or a
variant of a nucleocapsid protein and/or a spike protein from a B-coronavirus (such as SARS-
CoV or SARS-CoV-2}. Any nucleocapsid proten or spike protein from a B-coronavirus, such as
SARS-CoV or SARS-CoV-2, known in the art can be used in the at least one first specific
binding partner.  For example, nucleocapsid and/or spike proteins from SARS-CoV, such as
from strains FM1 {GenBank No. Accession No. AY2913135), GZ02 (GenBank Accession No.
AY390556), S1n3408 {GenBank Accession No. AYS59083), Shanghai LY (GenBank Accession
No. AY322207), GZ2-C {(GenBank Accession No. AY394979}, Sinol-11 {(GenBank Accession
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MNo. AY485277), BI302 cl.2 (GenBank Accession No. AY429073) GDO3T0013 (GenBank
Accession No. AY525636) , and/or GBO1 (GenBank Accession No. AY278489) described in
van den Brink et al, J. Virol 79(3):1635-1644 (February 2005} the contents of which are herein
meorporated by reference, can be used. Alternatively, nucleocapsid and/or spike proteins from
SARS-CoV-Z such as those described, for example, in Lu et al | Lancet, 395:565-574 (February
2020} and deposited in the China National Microbiological Data Center {Accession number
NME 10013002 and Genome accession numbers NMDC60013002-01 to NMDC66013002-10),
Wuhan-Hu-1 (GenBank Accession No. NC 045512 2}, Wuhan-Hu-1 {GenBank Accession No.

MNSG8947 3) and https.//www nehinlm nih pov/penbank/sars-cov-2-seqs/, the contents of

which are herein incorporated by reference, can also be used.
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At least one First Specific Binding Partner
19272} In some aspects, the at least one first specific binding partner (e.g., capture reagent)
comprises at least one recombinant antigen. The recombinant antigen comprises at least one B-
coronaviras (such as SARS-CoV or SARS-CoV-2) isolated polypeptide or vanant thereof from a
nucleocapsid protein or variant thereof. The nucleocapsid protein of B-coronaviruses (such as
SARS-CoV or SARS-CoV-2) comprise two separate domains (a}) a N-terminal domain {(NTD) or
N-terninal binding domam (NBD) and (b} a C-terminal domamn (CTD) or C-terminal binding
domain {CBD). For example, FIG. 1 and SEQ ID NO:2 provide a nucleocapsid protein from a
strain of SARS-CoV-2. The NTD can be found in amino acids 1-209 of FIG. | and SEQ ID
NG:2. The CTD can be found in amino acids 210-419 of FIG. 1 and SEQ 1D NO:2 {shown in
underlining and ttalics tn SEQ ID NO:2 10 FIG. 4). In some aspects, an isolated SARS-CoV-2
variant polypeptide can comprise one or more substitutions in one or more of the following
amino acid positions within SEQ ID NO:2 as shown below in Table B.
{82731 TableB

Sirain
Protein Mutation | COH.26G/ | COM.20G/ | LOG311131 P 8.1.4.28 | UC301- | BT | BOTY.N2
BI7H §81Y 3
Nucleoecapsid o3l
MNucieocapsid S235E X X
Nuciencapsid MEa41 % X
Nucleocapsid K373N «
MNucieocapsid DATTY %
Nuclencapsid ARTET %

{9274]  In other aspects, the 1solated SARS-CoV-2 variant polypeptide can comprise one or
more of substitutions and/or deletions in one or more of the following amino acid positions
within SEQ 1D NO:2: (1) replacing asparagine with leucine at amino acid position 3 (D3L); (2}
replacing serine with phenylalanine at amino acid position 235 (S235F) (shown in underlining,
talics and bold in SEQ 1D NG:2 in FIG. 4); (3) replacing methionine with isoleucine at amino
acid position 234 (M2341}; (4) replacing lysine with asparagine at amino acid posttion 373

{K373N); {S) replacing aspartic acid with tyrosine at amuno acid position 377 (D377Y); (6)

s
P
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replacing alanine with threonine at aming acid position 376 (A376T}; or {7} any combinations of
{1)-{6), etther alone or combined with any other substitutions and/or deletions in SEQ ID N(O:2
other than those recited in {1)-(6}.

[8278]  In other aspects, the isolated SARS-CoV-2 variant polypeptide can comprise one or
more substitutions and/or deletions in one or more positions of amino acids 210 to 419 of SEQ
ID NO:2: (1) replacing serine with phenylalanine at amino acid position 235 (8235F); (2)
replacing methionine with isoleucine at amino acid position 234 (M2341); (3} replacing lysine

-

with asparagine at position 373 (K373N); (4} replacing aspartic acid with tyrosine at amino acid
position 377 (D377Y); (5) replacing alanine with threonine at amino acid position 376 {A376T),
or {6} any combinations of {1)-{5), either alone or combined with any other substitutions and/or
deletions i amino acids 210 to 419 of SEQ 1D NO:2 other than those recited m (13-(5).

{8278}  The nucleccapsid protein or variant thereof of the at least one first specific binding
partner can have a length of about 5, 6,7, 8, 9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 30, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51,52, 53, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, T1, 72, 73, 74,
7S, 76,77, 78,79, 80, 81, 82, 83, 84, 8S, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 9§, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 1i6, 117, 118,
119, 120, 121, 122, 123, 124, 125, 125, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214,215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
38, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270,
277,278, 279, 280, 281, 282, 283, 284, 28S, 286, 287, 288, 289,
290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
309,310,311, 312,313, 314, 315,316,317, 318, 319, 320, 321, 322, 323,324, 325, 326, 327
328 329, 330,331,332, 333, 334, 335 340, 341, 34

233,234,235

5

-

43
()

£

"3

(¥8]

43,344, 345, 346

%3

33
356, 357, 358, 359, 360, 361, 362, 363, 364, 365,

~3
v
(O8]

38, 339 ,

43

47, 348, 349, 350, 351, 352, 353, 354, 355
366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384,
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385,386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397,
404, 405, 406, 407, 408, 400, 410, 411, 412, 413, 414, 415, 416,

423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 4

442, 443, 444, 445 446, 447, 448, 449, 450, 451, 452, 453, 454,
461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473,
), 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492,
499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511,
518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530,
337, 538, 539, 540, 541, 542, 543, 544, 545, 546

556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568,
575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585

>

594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 6
625, 6
632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 6

613,614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624

651, 652, 653, 654, 655, 656, 657, 658, 639, 660, 661, 662, 663,
671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682,
689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701
708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720,
727,728, 729, 730, 731 734, 735, 736, 737, 738, 739
747, 748 756, 757, 758,
765, 766, 767, 768, 769, T70 3, 774, 775, 776, 777,
784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796,

,

bl 2

547, 548, 549, 5

586G, 587, 5

y o

804, 805, 306, 307, 808, 809, 810, 811, 812, 813, 814, 815, &

664,

683, 6

702,
721,
740,

759,76

822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835,

841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 853,
B60, 861, 862, 863, 864, 865, B66, B67, 868, 869, 870, 871, 872,
880, 881, BR2, 883, 884, 885, 886, 887, 888, 889, 890, 891,
898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910,

917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, €

936, 937, 938, 939, 940, 941, 942, 943, 944, 945, 946, 947, 948,
955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967,

G0

, 494

551,552, 553, 354, 553
870,571, 572, 873, 574,
389, 500, 591, 592, 593
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3, 399, 400, 401, 402, 403,

418, 419, 420, 421, 422,

>

, 437, 438, 439, 440, 441,

456, 457, 458, 459, 460,
475, 476, 477, 478, 479,
, 495, 496,497, 498,
, 514, 515, 516, 517,
533, 534, 335, 536,

608, 609, 610, 611, 612,

6, 627, 628, 629, 630, 631,

646, 647, 648, 649, 650,
665, 666, 667, 668, 669,
683, 686, 687, 688,
703, 704, 708, 706, 707
722,723, 724, 725, 726,
741, A2, T43, 744, T4S
762, 763, 764,
779, 780, 781, 782, 783,
798, 799, 800, 801, 802,
817, 818, 819, 820, 821,
836, 837, 838, 839, 840,
855, 856, 857, 858, 859,
874, 875, 876, 877, 878,

, 893, 894, 895, 896, 897,
.912, 913, 914, 915, 916,
), 931, 932, 933, 934, 935,
. 950, 951, 952, 953, 954,

969, 970, 971, 972, 973,
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974, 975, 976, 977, 978, 979, 98D, 981, 082, 983, 984, 985, 986, 987, 988, 989, 990, 991, 992,
993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009,
1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024,
1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039,
1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054,
1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069,
1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083, 1084,
1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099,
1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114,
1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129,
1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144,
1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158, 1159,
1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174,
1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189,
1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204,
1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219,
1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234,
1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249,
1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264,
1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279,
1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294,
1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309,
1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324,
1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339,
1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354,
1355, 1356, 1357, 1358, 1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369,
1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384,
1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399,
1400, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1400, 1410, 1411, 1412, 1413, 1414,
1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429,
1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1430, 1440, 1441, 1442, 1443, 1444,

91
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1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459,
1460, 1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474,
1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488, 1489,
1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499 or 1500 amino acids.

192771 In some aspects, the nucleocapsid protein or variant thereof of the at least one first
specific binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 1§,
19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48,49, 50, 51, 32, 53, 54, 58, 56, 57, 58, 39, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72, 73,74, 78,76, 77, 78,779, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 1065, 166, 167, 168, 169, 170, 171, 172, 173,
174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212,213,214, 215,216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249,
250, 251,252, 253, 254, 255, 256, 2587, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,
269,270,272, 272,273,274 276,277,278, 279, 280, 281, 282, 283, 284, 285, 286, 287
288, 289, 290, 291, 292, 293,

o))

3

>

2
294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306,
307,308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325,
326,327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344,
45,346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363,
364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382,
383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401,
402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420,
421,422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439,
440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458,
459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477,
478, 479, 480, 481, 482, 483, 48B4, 485, 486, 487, 488, 489, 490, 491, 492, 403, 494, 495, 496,
497, 498, 499, 500, 501, 502, 503, 504, 505, 506, S07, 508, 509, 510, 511, 512, 513, 514, 515,

(OS]
W

b

92
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1, 555, 556,
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517,518,
536, 537, 5

, 574, 575, 5
, 593, 594,
612, 613,
,632,6

650, 651, 652,

, 688, 689, 690,

707, 708, 709,
726,727, 728,

783, 784, 785,

669, 670, 671, 6

7, 768,

787,

301, 802, 803, 804, 805, §06,

>

, 055

693,

7,618,
636, 637,
, 656,
675,
694,
712, 713,
31, 732,
750, 751,
769, 770,
788, 789,

674,

>

&96, 97, 898, 899 or 900 amino acids.

(2

8]

. 524, 525, 526,

543, 544, 545,

562, 563, 564,

581, 582, 583,

0, 600, 601, 602,

619, 620, 621,
638, 639, 640,
657, 658, 659,

714, 715, 716,

790, 791, 792, 793, 794,
807, 808, 809, 810, 811, §12, 813,
820, §21, 822, 823, 824, 825, 826, 827, §28, §29, 830, 831, 832,
B39, 340, 841, 842, 843, 844, 845, 846, 847, 848, 849, §30, 851,
858, §59, 860, 861, 862, 863, 864, 865, §66. 867, 368, 869, 870,
877, 878, 879, 880, 881, 882, BB3, 884, 885, 886, 887, 888, 889,

527,5

546,

565, 5

584,
603,

622

sty

641,

660, 6
676, 677, 678, 6
695, 696, 697, 6
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.532,533, 5
548, . 582,
. 567,
, 586,
. 606, 607, 6
, 624, 625, 626,

>

3,644, 645,

3

. 591,
610,
8, 629,
648,
663, 664, 667,
, 682, 683, 6 686,
701, 702, 704, 705,
720, 721, 722, 723, 724
739, 740,
L 758, 759, 760
5, 777, 778, 779,

97, 798,
814, 815, 816, 817,
833, §34, §35, 836,
852, 853, 854, 855, 856, §57,
871, 872, 873, 874, 875, 876,
890, 891, 892, 893, 894, 895,

12, 743,
761, 762,
780, 781,
799, 800,
818, 819,
837, 838,

>

in some aspects, the nucleocapsid protein or variant thereof of the at least one first

specific binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18§,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
45, 46, 47, 48, 49,50, 51, 52, 53, 54, 55, 56,

38,39, 40, 41, 42, 43, 44,

5

57,58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,

71,72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96,
97,98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146 147, 148, 149, 150, 151, 152, 153, 154,

155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,

g o
i

174,175, 176, 177,

93

171 173,

178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
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193, 194, 195,
212, 213, 214,

517,

i, 555, 556,

592, 593, 594,
611,612, 613,
630, 631, 632,
649, 650, 651,
668, 669, 670,
687, 688, 689,

706, 707, 708,
728,729, 7
747, 748, 7
766, 767, 7

725,726, 727,
744, 745, 746,
763, 764, 765,

5. 386,

31, 462,

), 481,

5, 336, 5337, ¢

574,575, 5

196, 197,

215,216, 2

405, 4
424,

500,

198,

199,

7,218, 2
L 237,
, 256, 2
4,275,

598, 599, 600,

633,
674,
693,

712,
731,
3, 750,
770, 771, 172,

, 637, 638,

VY

5 Wi,

5,221,
. 2309, 240,
259,

200, 2

618, 619, 620,
639
656, 657,
675, 676,
694, 695,
713, 714,

732,733,

751, 752, 753,

94

601, 6

203, 204, 208,

222,
241,
260,
279,

, 298,

223,
242,
261,
280,

209,

318,

- 2
3
g et Ly

356,
375,
394,

, 413,

224,
243,

262,

, 757,
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208,
,227,
246,
265,

303,

322,

,682,6
), 701,
L7720, 7
, 739, 740,
758, 759,

, 776,777, 778,

3,284, 2

341, 3

209, 210, 211,

228,
247,
266,

380,

399,

418,

5, 437,
456, 4

475,

229,
248,

381, -

400,
419,

494, 495,

230,

249

>



WO 2021/211332 PCT/US2021/026149

782, 783, T84, 785, 786, 787, 788, 780, 790, 701, 792, 793, 794, 795, 796, 797, T9&, 799, or $00
amino acids.

19278} 1In some aspects, the nucleocapsid protein or variant thereof of the at least one first
specific binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 1§,
19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71, 72,73,74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, &5, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97,98, 99, 100, 101, 102, 103, 104, 108, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 1186,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173,
174, 175, V76, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212,213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249,
250,251,252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,
269, 270,272,272, 273,274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 285, 287,
288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306,
307,308, 309, 310,311, 312, 313,314, 315, 316, 317, 318, 319, 320, 321, 322, 323,324
326,327, 328, 329, 330, 331, 332,333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343
343, 346, 347, 348, 349, 350, ! 352,353,354, 355,356, .
364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374
383,384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395
402, 403, 404, 405, 406, 407, 408, 400, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420,
421,422,423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439,
440, 441, 442, 443, 444, 445, 446, 447 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458,
459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477,
478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496,
497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 500, 510, 511, 512, 513, 514, 515,
S16, 517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534,
535, 536, 537, 538, 530, 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, $51, 552, 553,
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554, 555, 556,
573, 574, 575,
592, 593, 594,
611, 612, 613,
630, 631, 632,
649, 650, 651,

537, 558, 559,

376
576

595, 596, 597,

, 577, 578,

652, 653, 654, 655

560, 561, 562, 563, 564, 565, 566,
579, 580, 581, 582, 583, 584, 585,
598, 599, 600, 601, 602, 603, 604,
614, 615, 616, 617, 618, 619, 620, 621, 622, 623,
633, 634, 635, 636, 637, 638, 639, 640, 641, 642,

, 656, 657, 638, 659, 660, 661,

PCT/US2021/026149

567, 568, 569,
586, 587, 588,
605, 606, 607,
624, 625, 626,
643, 644, 645,
662, 663, 664,

570, 571, 572,
589, 590, 591,
608, 609, 610,
627, 628, 629,
646, 647, 648,
665, 666, 667,

668, 669, 670,
687, 688, 689,
18288  In some aspects, the nucleocapsid protein or variant thereof of the at least one first
specific binding partner can have a length of about 5,6, 7. 8, 9, 10, 11,12, 13, 14, 15, 16, 17, 18,
19,20, 21,22, 23,24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67. 68, 69, 70,
71,72, 773, 74,78, 76, 77, 78,779, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96,
97,98 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,

671, 672, 673, 674, 675, 676, 677, 678, 679, 680,
690, 691, 692, 693, 694, 695, 696, 697,

681, 682, 683, 684, 685, 686,

698, 699, or 700 amino acids.

11

7,118, 119, 120, 121, 122, 123, 124,

125, 126, 127, 128, 129, 130, 131,

133, 134, 133,

136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 133, 154,

174, 175, 176, 177, 178, 179, 180, 181, 182
194, 195, 196, 197
215,
231,232, 233, 234,

193,
212,213, 21

5

252,

250, 251, 2
269, 270, 272,
288,
307, 308, 3
326, 327,
345, 346,
364, 365,
383, 384, 385,

2892

272,
291,
310,

329,

348,
367,
386,

273, 274, 275,

292, 293, 294,
311,312, 313,
330, 331, 332, 33
349, 350, 351,
368, 369, 370,
387, 388, 389,

198, 199,
216, 217, 218,
235, 236, 237,
253, 254, 255, 256,

156, 157, 158, 159, 160, 161, 162, 163, 164,

200, 201, 202,
219, 220, 221
238, 239, 240,
257, 258, 259,
276,277,278, 2

295, 296, 297

390, 391, 392,

165, 166, 167,
, 183, 184, 185, 186, 187,

203, 204, 20

, 222,223, 224, 225,
243,
260, 261, 262, 2
281, 2
300, 3

241,

242,

79, 280,

298, 299,
318,

393, 3

OGS
5,2

395,

168, 169, 170,

206

DK

£

244,

188, 189,
207, 208,
226,227, 2
245, 246,
3, 264, 265, 2
2, 283, 284,
. 302, 303,
321, 322,
. 340, 341,
, 359, 360,
. 378,379,

397, 398,

171,172, 173,
190, 191, 192,
209, 210, 211,
229, 230,
. 248, 249,
5, 267, 268,
5, 286, 287
304, 305, 306,
323, 324, 325,
342,343, 344,
361, 362, 363,
380, 381, 382,
399, 400, 401,

5

402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420,
421,422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439,
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440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458,
459 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477,
478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496,
497, 49%. 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515,
516,517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534,
535, 536, 537, 538, 530, 540, 541, 542, 543, 544, 545, 546, 547, 54%, 549, 550, $51, 552, 553,
554, 555, 556, 557, 558, 559, 560, 561, 562, 563, 364, 365, 566, 367, 568, 569, 570, 571, 572,
873, 874, 575, 576, 377, 578, 379, S80, 581, 582, 583, 584, 383, 586, 587, 588, 589, 390, 391,
392, 393, 594, 5395, 596, 597, 598, 399, or 600 amino acids
{8281  In some aspects, the nucleocapsid protein or variant thereof in the at least one first
recombinant antigen of the at least one first specific binding partner can have a length of about S,
6,7,8.9,10, 11, 12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 31, 52, 33, 54, 55, 56, 57, 58
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108,109, 110, 111, 112, 113, 114, 118, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, V77, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222,223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240,
241,242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255
260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278
279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297,
306, 307, 308,309,310, 311, 312, 313, 314, 315, 316,
3

N2

3

¢

j\

259,

9

298, 299, 300, 301, 302, 303, 304, 305

B

317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,

355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373

374,375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,
393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411,
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412, 413, 414, 415, 416, 417, 418, 410, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449,
450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487,
488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, or 500 amino acids.
{82821  In some aspects, the nucleocapsid protein or variant thereot of the at least oneg first
specific binding partner can have a length ofabout 5,6, 7, 8,9, 10, 11, 12, 13,14, 15, 16, 17, 18,
19,20, 21,22, 23,24,25, 26,27, 28,29, 30, 31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 36, 37, 38, 39, 60, 61, 62, 63, 64, 653, 66, 67, 68, 69, 70,
71, 72,73, 74, 75,76, 77, T8, 79, 80, 81, 82, 83, R4, 85, 86, §7. 88, 89, 90, 91, 92, 93, 94, 95, 06,
7,98, 99 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173,
174,175,176, 177, 178, 179, 180, 181, 182, 183, 184, 18S, 136, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212,213,214, 215, 216, 2V7, 218,219,220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249,
250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267,
5. 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287,
2 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306,
g
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340, 341, 342, 343, 344,
357, 358, 359, 360, 361, 362, 363
3 378, 379, 380, 381, 382,
395, 396, 397, 398, 399, 400, 401,

383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 39
402, 403, 404 or 405 amino acids.

19283}  1n some aspects, the nucleocapsid protein or variant thereof of the at least first specific
binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12,13, 14, 15,16, 17, 18, 19, 20,

21,2223, 24,25, 26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 4546,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
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73,74, 75,76, 77, 7%, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175,176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197,198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215,216,217, 218, 219, 220, 221, 222, 223, 224, 228, 226, 227, 228, 229, 230, 231,
232,233 234, 238,236, 237, 238,239, 240, 241, 242, 243, 244, 245 246, 247, 248, 249 or 250
amino acids.

[8284]  In another aspect, the nucleocapsid protein or variant thereof of the first specific
binding partner can have a length of about 5 amino acids to about 1500 amimo acids, about 10
amino acids to about 1500 amino acids, about 15 amino acids to about 1500 amino acids, about
20 amino acids to about 1500 amino acids, about 25 amino acids to about 1500 amino acids,
about 30 amino acids to about 1500 amino acids, about 40 amino acuds to about 1500 amino
acids, about 50 amuno acids to about 1500 amino acids, about 60 aminoe acuds to about 1500
amino acids, about 70 amino acids to about 1500 amino acids, about 75 amino acids to about
1500 amino acids, about 80 amino acids to about 1300 amino acids, about 90 amine acids to
about 1500 amino acids, about 100 amine acids to about 1500 amuno acids, about 5 amino acids
to about 1400 amino acids, about 10 amine acids to about 1400 amino acids, about 15 amino
acids to about 1400 amino acids, about 20 amino acids to about 1400 amino acids, about 25
aming acids to about 1400 amino acids, about 30 amino acids to about 1400 amino acids, about
40 amino acids to about 1400 amino actds, about 50 amino acids to about 1400 amino acids,
about 60 amine acids (o about 1400 amno acids, about 70 amino acids to about 1400 aming
acids, about 75 amino acids to about 1400 amino acids, about 80 amimo acids to about 1400
amino acids, about 90 amino acids to about 1400 amino acids, about 100 amino acids to about
1400 amino acids, about 5 amino acids to about 1300 aming acids, about 10 amino acids to about
1300 amino acids, about 15 amino acids to about 1300 amino acids, about 20 amino acids to
about 1300 amino acids, about 25 amino acids to about 1300 amino acids, about 30 amino acids
to about 1300 amino acids, about 40 amino acids to about 1300 amino acids, about 50 amino

actds to about 1300 amino acids, about 60 amino acids to about 1300 amino acids, about 70
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amino acids to about 1300 amine acids, about 75 amino acids to about 1300 amino acids, about
&0 amino acids to about 1300 amino acids, about 90 amino acids to about 1300 amino acids,
about 100 amino acids to about 1300 amino acids, about 5 amino acids to about 1200 amino
actds, about 10 amino acids to about 1200 amino acids, about 135 amino acids to about 1200
amine acids, about 20 amino acids to about 1200 amino acids, about 25 amino acids to about
1200 amino acids, about 30 amine acids to about 1200 amino acids, about 40 amino acids to
about 1200 amine acids, about 50 amino acids to about 1200 amino acids, about 60 amino acids
to about 1200 amino acids, about 70 amino acids to about 1200 amino acids, about 75 ammo
acids to about 1020 amino acids, about 80 amino acids to about 1200 amino acids, about 90
amino acids to about 1200 amino acids, about 100 amino acids to about 1200 amino acids, about
5 amino acids to about 1100 amino acids, about 10 amino acids to about 1100 amino acids, about
15 amino acids to about 1100 amino acids, about 20 amino acids to about 1100 amino acids,
about 25 amino acids to about 1100 amino acids, about 30 amino acids to about 1100 ammno
acids, about 40 amino acids to about 1100 amino acids, about S0 amino acids to about 1100
amino acids, about 60 amino acids to about 1100 amine acids, about 70 aminoe acids to about
1100 amino acuds, about 75 amino acuds to about 1100 amino acids, about 80 aminoe aeids to
about 1100 amino acids, about 90 amine acids to about 1100 amino acids, about 100 amino acids

to about 1160 antine acids, about § amine acids to about 1000 amno acids, about 10 amino acids
to about 1000 armmo acids, about 15 amino acids to about 1000 antine aaids, about 20 amino
acids to about 1000 amine acids, about 25 amino acids to about 1000 armno acids, about 30
amino acids to about 1000 amino acids, about 40 amino acids to about 1000 amino acids, about
S0 amino acids to about 1000 amino acids, about 60 amino acids to about 1000 amino acids,
about 70 amino acids to about 1000 amino acids, about 75 amino acids to about 1000 amino
acids, about 80 amino acids to about 1000 amino acids, about 90 amino acids to about 1000
amino acids, about 100 amino acids to about 1000 amino acids, about 5 amino acids to about 900
amino acids, about 10 amino acids to about 900 amno acids, about 15 ammno acids to about 900
amino acids, about 20 amino acids to about 900 amino acids, about 25 amino acids to about 900
amino acids, about 30 amino acids to about 900 amino acids, about 40 amino acids to about 900
amino acids, about 50 amino acids to about 900 amino acids, about 60 amino acids to about 900
amino acids, about 70 amino acids to about 900 amino acids, about 75 amino acids to about 900

amino acids, about 80 amino acids to about 900 amino acids, about 90 amino acids to about 900
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amino acids, about 100 amino acids to about 900 amino acids, about 5 amino acids to about 800
amino acids, about 10 amino acids to about 800 amino acids, about 15 amino acids to about 800
amino acids, about 20 amino acids to about 800 amino acids, about 25 amino acids to about 800
amino acids, about 30 amino acids to about 800 amino acids, about 40 amino acids to about 800
amine acids, about 50 amino acids to about 800 amino acids, about 60 amino acids to about 800
amino acids, about 70 amino acids to about 800 amino acids, about 75 amino acids to about 800
amino acids, about 80 amino acids to about 800 amino acids, about 90 amino acids to about 800
amino acids, about 100 amino acids to about 800 amino acids, about 5 amino acids to about 700
amino acids, about 10 amino acids to about 700 amino acids, about 15 amino acids to about 700
amino acids, about 20 amino acids to about 700 amino acids, about 23 amino acids to about 700
amino acids, about 30 amino acids to about 700 amino acids, about 40 amino acids to about 700
amino acids, about 50 amino acids to about 700 amino acids, about 60 amino acids to about 700
amino acids, about 70 amino acids to about 700 amino acids, about 75 amino acids to about 700
amino acids, about 80 amino acids to about 700 amino acids, about 90 amimno acids to about 700
amino acids, about 100 amino acids to about 700 amine acids, about 5 amino acids to about 600
amino acids, about 10 anuno acids to about 600 amino acids, about 13 ammo acids to about 600
armino acids, about 20 ammno acids to about 600 amino acids, about 25 amino acids to about 600
amino acids, about 30 amuno acids to about 600 arvino acids, about 40 ammno acids to about 600
amino acids, about 30 amino acids to about 600 amine acids, about 60 amino acids to about 600
amineo acids, about 70 amino acids to about 600 amino acids, about 75 amino acids to about 600
armino acids, about 80 amino acids to about 600 amuno acids, about 90 amino acids io about 600
amino acids, about 100 amino acids to about 600 amino acids, about 5 amino acids to about 500
armno acids, about 10 ammno acids to about 500 amuno acids, about 15 amino acids io about 300
amine acids, about 20 amino acids to about 500 amino acids, about 25 amino acids to about 500
amino acids, about 30 ammno acids to about 500 amuno acids, about 40 amino acids to about 300
amino acids, about 50 amino acids to about 500 amno acids, about 60 ammno acids to about 500
amino acids, about 70 amino acids to about 500 amino acids, about 75 amino acids to about 500
amino acids, about 80 amino acids to about 500 amino acids, about 90 amino acids to about 500
amino acids, about 100 amino acids to about 300 amino acids, about 5 amino acids to about 400
amino acids, about 10 amino acids to about 400 amino acids, about 15 amino acids to about 400

amino acids, about 20 amino acids to about 400 amino acids, about 25 amino acids to about 400
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amino acids,
amino acids,
aming acids,
amino acids,
aming acids,
amino acids,
aming acids,
amino acids,
amino acids,
amino acids,
amino acids,
amine acids,
amino acids,
amino acids,
amino acids,
amino acids,
armnino acyds,
aming acids,
amino acids,
amine acids,
amino acids,
aming acids,
amino acids,
aming acids,

amino acids,

about 30 amino acids to about 400 amino acids, about 40 amino acids to about 400
about 50 amino acids to about 400 amino acids, about 60 amino acids to about 400
about 70 amino acids to about 400 amino acids, about 75 amino acids to about 400
about 80 amino acids to about 400 amino acids, about 90 amino acids to about 400
about 100 amino acids to about 400 amino acids, about 5 amino acids to about 300
about 10 amino acids to about 300 amino acids, about 15 amino acids to about 300
about 20 amine acids to about 300 amino acids, about 25 amiuno acids to about 300
about 30 amino acids to about 300 amino acids, about 40 ammno acids to about 300
about 50 amino acids to about 300 amino acids, about 60 amino acids to about 300
about 70 amino acids to about 300 amino acids, about 73 amimno acids to about 300
about 80 amino acids to about 300 amino acids, about 90 amino acids to about 300
about 100 amino acids to about 300 amino acids, about 3 amino acids to about 200
about 10 amino acids to about 200 amino acids, about 15 amino acids to about 200
about 20 amino acids to about 200 amino acids, about 25 ammno acids to about 200
about 30 amino acids to about 200 amine acids, about 40 amino acids to about 200
about 50 anune acids to about 200 amino acids, about 60 ammo acids to about 200
about 70 amino acids to about 200 amine acids, about 75 amino acids to about 200
about 83 amuno acids to about 200 amino acids, about 90 ammo acids to about 200
about 100 amino acids to about 200 amino acids, about 5 anuno acids to about 1060
about 10 amino acids to about 100 amino acids, about 15 amino acids to about 100
about 20 amino acids to about 100 amuno acids, about 25 amuino actds to about 100
about 30 amino acids to about 100 amino acids, about 40 amno acids to about 100
aboui 50 amino acids to about 100 amuno acids, about 60 amino acids o about 100
about 70 amino acids to about 100 amino acids, about 75 ammno acids to about 100

about 80 amino acids to about 100 amino acids, or about 90 amino acids to about

100 amino acids.

{628%F  In some aspects, the nucleocapsid protein comprises the CTD of a nucleccapsid

protein of a B-coronavirus (e.g., SARS-CoV or SARS-CoV-2} or any fragments or variants

thereof In other aspects, the nucleocapsid protein comprises amino acids 210-419 of the

nucleocapsid protein of a B-coronavirus, such as, for example, SARS-CoV or SARS-CoV-2, or

any fragments or variants thereof In yet another aspect, the nucleccapsid protein comprises
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amino acids 210-419 from a human SARS-CoV-2 {See, for example, SEQ ID NO:2 which is
also shown in underhining and italics in SEQ ID NG:2 in FIG. 4). In still yet another aspect, the
nucleocapsid protein has the sequence of’
MAGNGGDAALALLLEDRENGLESKMSGKGOQQOQGQTVTKKSAAEASKKPROKRTAT
KAYNVTOQAFGRRGPEQTOGNFGDQELIRQGTDYKHWPQIAQFAPSASAFFGMSRIGME
VIPSGTWLTYTGAIKLDDKDPNFKDOQVILLNKHIDAYKTFPPTEPKKDEKKKADETQAL
POROKKQQTVTLLPAADLDDFSKQLOOSMSSADSTQA (SEQ ID NO:1) or fragment or
variant thereof. In yet another aspect, the nucleocapsid protein has the sequence of SEQ ID
NG:24, SEQ ID NOG:24 is a variant of SEQ ID NO:1 where the serine shown above in SEQ ID
NO:1 in bold and underlining at position 26 1s replaced with a phenyialanine (also known as
S235F in the full context of the nucleocapsid protein, and here, because SEQ 1D NO:24 is
residues 210 to 419 of nucleocapsid protein, this would be 826F of the fragment of SEQ 1D
N(O:24). A “fragment” of SEQ ID NG:1 refers to a protein or polypeptide that coraprises a part
that 1s less than the entirety of SEQ ID NO:1. A fragment of SEQ 1D NO:1 can comprise from
about 3 to about 200 contiguous amino acids. In another aspect, a fragment of SEQ ID NGO
comprises at least about 5 contiguous armino acids of SEQ 1D NG: 1, at least about 10 contiguous
aroino acids of SEQ ID NO: 1, at least about 15 contiguous amino acids of SEQ 1D NO:1, at least
about 20 contiguous amino acids of SEQ 1D NG 1, at least about 25 contiguous anuno acids of
SEQ ID NG 1, at feast about 30 contiguous amino acids of SEQ 1D NG 1, at least about 35
contiguous amino acids of SEQ 1D NO: 1, at teast about 40 contiguous amino acids of SEQ ID
N1, at least about 45 contiguous amino acids of SEQ 1D NG: 1, at least about 30 contiguous
aming geids of SEQ ID N1, at least about 55 contiguous amino acids of SEQ ID NGO 1, at least
about 60 contiguous amino acids of SEQ 1D NG 1, at feast about 65 contiguous amino acids of
SEQ 1D NO:1, at least about 70 contiguous aming acids of SEQ 1D NG, at least about 75
contiguous amine acids of SEQ 1D NQG: 1, at least about 30 contiguous amimo acids of SEQ ID
N1, at least about 85 contiguous amino acids of SEQ ID N1, at least about 90 contiguous
amino acids of SEQ 1 NO:1, at least about 95 contiguous aming acids of SEQ 1D NG: 1, at least
100 contiguous amino acids of SEQ ID NO: 1, at least about 105 contiguous amino acids of SEQ
1D NO:1, at least about 110 contiguous amino acids of SEQ 1D NO:1, at least about 115
contiguous amino acids of SEQ 1D NO:1, at least about 120 contiguous amino acids of SEQ 1D

NO:1, at least about 125 contiguous amno acids of SEQ 1D NO: 1, at least about 130 contiguous
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amino acids of SEQ ID NO:1, at least about 135 contiguous amino acids of SEQ 1D NO:1, at
least about 140 contiguous amino acids of SEG ID NGO 1, at least about 145 contiguous amino
acids of SEQ ID NQO:1, at least about 150 contiguous amino acids of SEQ 12 NGO 1, at least
about 55 contiguous amino acids of SEQ 1D NG 1, at least about 160 contiguous amino acids of
SEQ 1D NOG:1, at least about 165 contiguous amino acids of SEQ 1D NG:1, at least about 170
contiguous aming acids of SEQ ED NG: 1, at least about 175 contiguous amino acids of SEQ 1D
N1, at least about 1830 contiguous amino acids of SEQ ID NG 1, at least about 85 contiguous
amine acids of SEQ D NO:1, at least about 190 contiguous amine acids of SEQ 1D NO: 1, at
least about 95 contiguous amine acids of SEQ 1D NO:1, at least 200 contiguous amine acids of
SEQ ID NO:1 or at least about 205 contiguous amino acids of SEQ 1D NO: 1.

[8286]  In some aspects, the at least one isolated polypeptide is a fusion protein comprising at
ieast all or at least a portion of at least one P-coronavirus (such as SARS-CoV or SARS-CoV-2)
isolated nucleocapsid protein or variant thereof. In another aspect, the fusion protein may
comprise all or at least portion {(e.g., at least S amino acids or more} of the NTD of a
nucleocapsid protein from one strain of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2) 15
operably linked, fused or grafted directly or indirectly (such as through one or more linking
peptide sequences and/or HIS tags) to all or at least a portion {at least 3 ammo acids or more) of
a NTD from the same or different strain of B~coronavirus {e.g., SARS-CoV or SARS-CoV-2)
{e.g., a Ne-NTD/NTD fusion protein or peptide)

{9287} In another aspect, the fusion protein may comprise all or at least portion {e.g., at Jeast
5 anuino acids or more) of the CTD of a nacleocapsid protein from one strain of B-coronavirus
{e.g., SARS-CoV or SARS-CoV-2) operably linked, fused or grafted directly or indirectly (such
as through one or more hHnking peptide sequences and/or HIS tags) to all or at least a portion {at
feast 3 ammo acids or more) of a CTD of a nucleocapsid protein from the same or different strain
of p-coronavirus {e.g., SARS-CoV or SARS-CoV-2} {e.g., a Ne-UTD/CTD fusion protein or
peptide). In another aspect, the fusion protein may compnise all or at least portion (e.g., at least 5
amino acids or more} of the NTD of a nucleocapsid protein from one strain of B-coronavirus
{e.g., SARS-CoV or SARS-CoV-2) operably linked, fused or grafted directly or indirectly (such
as through one or more Hnking peptide sequences and/or HIS tags) to all or at least a portion {at

{east 5 amino acids or more) of a CTD of a nucleocapsid protein from the same or different strain
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of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2} (e.g., an eNc-CTD fusion protein or peptide
or epitope grafted CTD fusion protein peptide}.

19288}  For example, FIG. 3 provides a diagram illusirating the structure of a fusion protein
comprising at least § amino acids of the N-terminal domam (NTD) of a nucleccapsid protein
from a P-coronavirus (such as SARS-CoV or SARS-CoV-2) operably linked or grafted on to at
least 5 amino acids of the C-terminal domain (C'TD) of a nucleocapsid protein the same or
different B-coronavirus, such as SARS-CoV or SARS-CoV-2 {such as through one or more
linking peptide sequences and/or HIS tags). In some aspects, this fusion protein can comprise a
methionine initiator residue operably linked or grafted (such as, for example, through one or
more linking peptide sequences and/or HIS tags) on to amino acids 5 to 25 (optionally, residues
4 t0 25 of SEQ 1D NG 14 or amino acids 5 to 24 (optionally, residues 4 to 24} of SEQ 1D NO:2
operably linked or grafted on to amino acids 211 to 419 of SEQ ID NO:2 (or analogous region
from SEQ ID NO:14). Other variations are possible. For example, in other aspects, the fusion
protein can comprise an epriepe for the monoclonal antibody CR3018 (described in van den
Brink et al, J. Virol 79(33:1635-1644 (February 2005) and U.S8. Patent No. 7,696,330, each of
which s herein incorporated by referenced) fused at the N-terminal end of the CTD (Mepitope-
grafted CTDY fusion proten or peptide). In this example, a fusion protein comprising
methionine as the starting amino acid operably hoked or grafied on to an epitope (such as, for
example, through one or more Huking peptide sequences and/or HIS tags) comprising at least
amino acids RNAPRITFG (SEQ 1D NO:6} or RSAPRITFG (8EQ 1D NG 7}, which in turn, are
operably hinked or grafied (such as, for example, through one or more linking peptide sequences
and/or HIS tags) on to the N-termunal end of the CTD, e.g., amino acids 211 t0 419 of SEQ ID
NG:2 (or the analogous region of SEQ ID N 14). In some aspects, there may be one or more
additional sequences operably linked or grafted (such as, for example, through one or more
huking peptide sequences and/or HIS tags) on to the starting amino acid methionine, such as, for
example, GPOQNQ (SEQ 1D NO:21) or GPQSNQ (SEQ ID N(O:22), which in turn, 15 operably
linked or grafied {such as, for example, through one or more linking peptide sequences and/or
HIS tags}) on to an epitope comprising at least amino acids RNAPRITFG (SEQ 1D NO:6) or
RSAPRITFG (SEQ 1D NO:7), which furthermore, are operably linked or grafted {such as, for
example, through one or more linking peptide sequences and/or HIS tags) on to the N-terminal

end of the CTD, e.g., amino acids 211 to 419 of SEQ 1D NG:2 (or the analogous region from

k=1
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SEQ 1D NG:14), , and optionally, furthermore may include the sequence GPTDST (SEQ 1D
NO:23). 1t is well known that in some proteins the imttiator residue methionine is cleaved off by
an enzyme since it may not be present in the mature polypeptide/protein. In another aspect, the
fusion protein comprises the initiator amino acid methionine and the sequences GPQNQ (SEQ
1D NG:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 to
419 of SEQ 1D NO:2. In still yet another aspect, the fusion protein comprises the initiator aming
actd methionine and the sequences GPQSNQ (SEQ 1D NO:22), RSAPRITFG (SEQ 1D NO7),
GPTDRST (SEQ 1D NO:23), and amino acids 211 to 419 of SEQ 1D NO:2. In yet another aspect,
the fusion protein comprises the following amine acid sequences in the order recited: {a) an
mitiator amino acid methionine; (b} amino acid sequence GPONGQ (SEQ 1D NO:21); (¢} amino
acid sequence RSAPRITFG (SEQ 1D NO.7); (d) amino acid sequence GPTDST (SEQ 1D
NO:23); and {e) amino acids 211 t0 419 of SEQ 1D NO:2.  In still yvet another aspect, the fusion
protein comprises the following amino acid sequences in the order recited: (a) an intiator aming
acid methionine; (b) amino acid sequence GPQSNG (SEQ 1D NO:22); (¢) amino acid sequence
RSAPRITFG (SEQ 1D NGy, (d) amine acid sequence GPTDST (SEQ ID NOG:23); and ()
amino acids 211 to 419 of SEQ ID NO:2.

{82881  Alternatively, the fusion protein may comprise all or at least portion {e.g, at least §
amine acids or more) of a nucleocapsid protein (NTD and/or CTD) from one strain of p-
coronavirus {e.g., SARS-CoV or SARS-CoV-2) operably hoked, fused or grafted divectly or
mdirectly {such as through one or more hinking peptide sequences} to all or at feast a portion {at
feast S aming acids or more) of a spike protein {e.g., such as, for example, all or a portion of the
RBD of a spike protein (see, for example, SEQ 1D NOS: 15-18 or any fragments or variants
thereof)) from the same or different strain of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2}.
Also, one of skill m the art would understand that a consensus sequence for any B-coronavirus
{such as SARS-CoV or SARS-CoV-2} could be substituted with any strain specific vaniations
{e.g., SEQID NOS: 2and 14).

{62981  In some aspects, the recombinant antigen of the at least one first specific binding
partner {e.g., capture reagent} comprises all or at least a portion of at least one B-coronavirus
{such as SARS-CoV or SARS-CoV-2} 1solated polypeptide or variant thereof from a spike
protein or variant thereof. The spike protein comprises 81 and S2 polypeptides. The 81

polypeptide coniains the recepior binding domain (RBED) of the protein, while the S2 polypeptide
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forms the stalk of the spike molecule. SEQ ID NO: 15 in FIG. 4 provides the amino acid
sequence of the spike protein from SARS-CoV-2. The RBD can be found at amino acids 319 to
542 of SEQ ID NO1S (FIG. 4). SEQ 1D NO:16 1 FIG. 4 provides the amino acid sequence of
the spike protein from SARS-CoV. The RBD can be found at amino acids 306 to 528 of SEQ 1D
NG:16 (FIG. 4).

{8288 In some aspects, an isolated SARS-CoV-2 vaniant polypeptide can comprise one or
more substitutions in one or more of the following amino acid posttions within SEQ {2 NO:15 as
shown below in Table C.

{8292} Table C

Straim

FProtein 2

H 381Y 3
Spike N3O1lY X X X X X
Spike K417N X
Spike K417T X
Spike E484K X X
Spike LASZR
Spike S477N
Spike AS570D
Spike PoRIH
Spike T7161
Spike SO8ZA
Spike | DI11I8H

[8283F  In some aspects, the isolated SARS-CoV-2 variant polypeptide can comprise one or
more substitutions in one or more of the aming acid positions within SEQ 1D NG:2 as shown in
Table B and/or one or more substitutions in one or more of the amino acid positions within SEQ
I3 NG:15 as shown in Table O

{82841  In other aspects, the solated SARS-CoV-2 variant polypeptide can comprise one or
more substitutions and/or deletions i one or more of the following amino acid positions within
SEQ ID NG1S: (1) replacing fysine with asparagine at amino acid position 417 (K417N); (2)
replacing lysine with threonine at amino acid position 417 (K417T); (3) replacing leucine with
arginine at amino acid position 452 (L452R); {4} replacing serine with asparagine at amino acid

position 477 (8477N); (5) replacing glutamic acid with lysine at amino acid position 484
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{(E484K}; {6) replacing asparagine with tyrosing at amino acid position 301 (NS01Yy; (7}
replacing alanine with aspartic acid at amino acid position 570 (A570D); (8} replacing proline
with histidine at amine acid position 681 (P681H); (9) replacing aspartic acid with glycine at
amino acid position 614 {D614G); (10) replacing threonine with isoleucine at amino acid
position 716 (T7161); (11} replacing serine with alanine at amino acid position 982 (8982A);
{12} replacing aspartic acid with histidine at amino acid position 1118 (D1118H); (13} a deletion
of histidine (H} at amino acid position 69; {14) a deletion of valine {V) at amino acid position 70;
{15) a deletion of tyrosine {Y) at amino acid position 144; or (16) any combinations of (1}-(15),
either alone or combined with any other substitutions and/or deletions i SEQ 1D NO:15 other
than those recited i (13-(15).

18295]  1n some aspects, an isolated SARS-CoV-2 variant polypeptide can comprise one or
more substitutions in one or more of the following amino acid positions within SEQ 1D NO:25:
{1} replacing lysine with asparagine at position 417 (K417N}y; (1) replacing glutamic acid with
lysine at position 484 (E484K); (111 replacing asparagine with tyrosine at position 501 (N501Y)y;
or {iv} any combinations of (1) — (111}, In some aspects, the vanant polypeptide can comprise one
or more deletions, such as a deletion of histidine (H) and/or valine (V) at amwmno acids 69-70 of
SEQ 1D NG:25 and/or tyrosine {Y) at amino acid 144 of SEQ ID NG:25. In some aspects, the
variant polypeptide can coroprise (1) one or more substitutions in one or mwore of the following
amoino acid positions in SEQ ID NG:25: (3) replacing lvsine with asparagine at position 417
{(K417N}; (1) replacing ghutamic acid with lysine at position 484 (H484K); (11} replacing
asparagine with tyrosine at position 501 {N501VY}; (iv) any combinations of (1} — (i1} and {2) one
or more deletions, such as a deletion of histidine (H) and/or valine (V) at amino acids 69-70 of
SEQ ID NG:25 and/or tyrosine {Y) at amino acid 144 of SEQ ID NG:25,

{82861  In other aspects, the isolated SARS-CoV-2 varant polypeptide can comprise one or
more substitutions and/or deletions in one or more positions of amino acids 319 to 542 of SEQ
ID NG:15: (1) replacing lysine with asparagine at amino acid position 417 (K417N3}; {2)
replacing lysine with threonine at amino acid position 417 (K41771); (3} replacing leucine with
arginine at amino acid position 452 (L452R}; (4) replacing serine with asparagine at amino acid
posttion 477 (8477N); (5) replacing ghitamie acid with lysine at amino acid position 484

{(E484K)}; (6) replacing asparagine with tyrosine at amino acid position 501 (NS01Y); or {(7) any
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combinations of (16}, either alone or combined with any other substitutions and/or deletions in
amino acids 319 to 542 of SEQ ID NO:15 other than those recited in (13-(6).

19297} 1n some aspects, the spike protein or varnant thereof of the at least one first specific
binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12,13, 14, 15,16, 17, 18, 19, 20,
21,22, 23,24, 25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, &7, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118,119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 134,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 135,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251,252,253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 268, 266, 267, 268, 269,
270,272,272, 273,274, 275,276, 277, 278, 279, 280, 281, 282, 283, 284, 283, 286, 287, 288
293, 254, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306, 307,
315,316,317, 318, 319, 320
5,337, 338, 339, 340, 341, -
5,347,348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359
370, 371,372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421
422,423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
441, 442, 443, 444, 445, 446, 447 448 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 404, 405, 496, 497,
498,499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516,
S17. 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535,
539, 540, 541, 542, 543, 544, 545, S46, 547, 548, 549, 550, 551, 552, 553, 554

[P8)

>

536, 537, 538, i
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555,556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573,
574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592,
593, 504, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,

612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626
631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645
630, 651, 652, 653, 654, 655, 656, 657, 658, 639, 660, 661, 662, 663, 664, 665, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 683, 684, 685, 686, 687,
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706,
707, 708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725,
726, 727, 728, 729, 730, T31, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743, 744,
T4, 46, TAT, TAB, 749, 750, 751, 752, 733, T34, 755, 756, 757, 738, 759, 760, 761, 762, 763,
764, 763, 166, 767, 768, 769, 770, 771, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781, 782,
783, 784, 785, 786, 787, 788, 789, 700, TO1, 92, 793, 794, 795, 796, 797, 798, 799, 800, 801,
802, 803, 804, 805, 806, 07, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, §20,
821, 822, 523, 824, 825, 826, 827, 828, 829, B30, 831, 832, 833, 834, §35, §36, 837, 838, 839,
B40, 841, 842, 843, §44, 845, 846, 847, 848, 849, 850, §51, §52, 853, 854, 855, 856, 857, §58,
859, §60, 561, 862, 863, 864, 865, 866, §67, 868, 869, 870, 871, 872, §73, §74, 875, 876, 877,
878, 879, 880, 881, §82, §83, 884, 885, 886, 887, 888, §89, §90, 891, 892, 893, 894, 895, §96,
897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
935, 936, 937, 938, 939, 940, 941, 942, 943, 944, 945, 046, 947, 948, 949, 950, 951, 952, 953,
934, 955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972,
973, 974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 985, 986, 987, 988, 989, 990, 991,
992, 993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1003, 1006, 1007, 1008,
1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,

1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,

1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053,

1054, 1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068,

1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083,

1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098,

1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113,

627, 628, 629, 630,
6406, 647, 648, 649,
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1114, 1115, 1116, 1117, 1138, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128,
1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143,
1144, 1145, 1146, 1147, 1148, 1149, 1130, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158,
1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173
1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188,
1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203,
1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218,
1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233,
1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248,
1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263,
1264, 1265, 12606, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1273,
1279, 128G, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293,
1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323,
1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338,
1339, 1340, 1341, 1342, 1343, 1344, 13485, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353,
1354, 1355, 1356, 1357, 1358, 1359, 1360, 1361, 1362, 1363, 13064, 1365, 1366, 1367, 1308,
1369, 1376, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383,
1384, 1383, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398,
1399, 1400, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413,
1414, 14315, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428,
1429, 1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443,
1444, 1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458,
1459, 1460, 1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473,
1474, 1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1437, 1488,
1489, 1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499 or 1500 aming acids.
{6298]  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24, 25, 26,27, 28,29, 30,31, 32,33, 34,35, 36,37, 38 39,40, 41, 42 43, 44 45 46,
47, 48, 49, 50, 51, 52, 83, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76, 77,78, 79, 80, 81, &2, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 07 98,
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99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125,126, 127, 128, 120, 130, 131, 132, 133, 134, 135, 136,
137,138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251,252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 168, 269,
270,272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
289, 200, 201, 292, 293, 294, 295, 206, 207, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307
308,309,310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326,
327,328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, ;
346, 347, 348, 349, 350, 351, 352, 353 353, 356, 357, 358, 359, 360, 361, 362, 363, 364,
365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383
384, 385, 386, 387, 388, 389, 390, 391, 3¢ 394, 395, 396, 397, 398, 399, -
403, 404, 405, 406, 407, - 410,411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422,423, 424, - 431, 432, 433, 434, 435, 436, 437, 438, 4

141, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,

539, 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554,
555, 556, 557, 538, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571,

574, 575, 579, 580, S81, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592,
593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630,
631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649,
650, 651, 652, 653, 654, 655, 656, 657, 658, 639, 660, 661, 662, 663, 664, 663, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 630, 681, 682, 683, 684, 685, 636, 687,
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688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, TO0, 701, 702, 703, 704, 705, 706,
707, 708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725,
726,727, 728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743, 744,
745, 746, 747, 748, 749, 750, 751, 752, 753, 754, 755, 756, 757, 758, 759, 760, 761, 762, 763,
764, 765, 766, 767, 768, 769, 770, 771, 772, 773, 774, 7 779, 780, 781, 782,

7,798, 799, 800, 801,

783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 79

'~

faniry

o

802, 803, 804, 805, 806, 807, 808, 809, $10, 811, 812, 813, 814, 815, 816, 817, 818, §19, 820,
821, 822, 823, 824, 825, §26, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839,

840, 841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 833, 854, 855, 856, 857, 8%,
859, 8GO, 861, R62, 863, $64. 865, 866, 867, 86], 869, 870, 871, 872, 873, 874, 875, 876, §77,
878, 879, 880, 881, 882, 883, 884, 885, §86, 887, 888, 889, 8O0, 891, $92. §93. §94, 895, 896,
897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, ©19, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
935, 936, 937, 938, 939, 940, 941, 942, 943, 944, 045, 046, 947, 948, 949, 950, 951, 952, 953,
954, 955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972,
973, 974, 975, 976, 977, 975, 979, 980, 981, 982, 983, 084, U85, 986, 987, 988, 989, 990, 991,
992, 993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008,
1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053,
1054, 1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068,
1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083,
1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098,
1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113,
1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128,
1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143,
1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158,
1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173,
1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188,
1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203,
1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218,
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1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233,
1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248,
1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263,
1264, 1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278,
1279, 1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293,
1204, 1295, 1296, 1297, 1208, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323,
1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338,
1330, 1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353,
1354, 1355, 1336, 1357, 1358, 1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368,
1369, 1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383,
1384, 1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398,

1399 ¢or 14400 amino acids.

R

{8298 In some aspects, the spike protein or variant therect of the at least one first specific
binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25,206,27, 28,29, 30, 31, 32, 33,34, 35,36,37, 38,39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74,75,76, 77,78, 79, 80, 81, 82, B3, 84, 85, 86, 87, 88, §9, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119,120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175,176,177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 151, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215,216, 217, 218, 219, 220, 22}, 222, 223,224 225,226,227, 228, 229, 230, 231,
232,233,234, 235,236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
52,253,254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
70, 272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
289,290, 291, 202, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307,
308,309, 310, 311, 312, 313, 314, 315,316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326,
327,328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344 345,
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346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364,
365, 366, 367, 368, 369, 370, 371 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 301, 302, 393, 394, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422, 423,424, 425, 426, 427, 428, 420, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
447, 443 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 400, 491, 492, 493, 494, 495, 496, 497,
498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514 516,
517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535,
538, 539, 540, 541, 542, 543, 544. 345, 346, 547, 548, 349, 550, 551, 552
556, 557, 558, 559, 560, 361, 362, 563, 564, 365, 566, 567, 568, 569, 570, §71, 572, 573,
574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, S85, 586, 587, 588, 589, 390, 391, 592,
593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630,
632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649,
650, 651, 652, 653, 654, 655, 656, 657, 638, 639, 660, 661, 662, 663, 664, 665, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 67R, 679, 680, 681, 682, 683, 634, 685, 686, 687,
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 703, 706
707, 708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724
726,727, 728, 729, 730, 731 737, 738
745, 746, 747, 761,762, 763,
764, 765, 766, 767, T68, 769, 7 782,
783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800, 801,
802, 803, 804, 805, 806, 807, 808, 809, 810, B11, 812, 813, 814, 815, 816, 817, 818, 819, 820,
821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839,
840, 841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 853, 854, 855, 856, 857, 858,
859, 860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877,
878, 879, 880, 881, 882, 883, 884, 885, 886, 87, 8%, 830, 890, 891, 892, 893, 894, 895, 896,
897, 898, 899, 000, 901, 02, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
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935, 036, 937, 938, 939, 940, 941, 942, 043, 944, 945, 946, 947, 948 949, 950, 951, 952, 953,
954, 955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972,
973, 974, 975, 976, 977, 978, 979, 980, 981, 982, 93, 984, 985, 986, 987, 988, 989, 99U, Y91,
992 993, 994, 995, 996, 997, 908, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008
1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053,
1054, 1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068,
1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083,
1084, 1083, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098,
1099, 1160, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113,
1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128,
1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143,
1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158,
1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173,
1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188,
1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203,
1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218,
1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233,
1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248,
1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263,
1264, 1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278,
1279, 1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293,
1294, 1295, 1296, 1297, 1298, 1299 or 1300 amine acids.

{83668  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a fength of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 20,
21,22,23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46,
47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74, 75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87. 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
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137,138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215,216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
233,234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
278, 279, 280, 281, 282, 283, 284, 283, 286, 287, 288,
295,206, 207, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307
315, 316, 317, 318, 319, 320, 321 323,324, 325, 326,
5. 337, 338, 339, 340, 341, 342, 343, 344, 343
353,356, 357, 358, 359, 360, 361, 362, 363, 364,
376,377, 378, 379, 380, 381, 382, 383
393,394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 400, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, -
432, 433, 434, 435, 436, 437, 438, 439, 440,

3

9, 500, 501, 502, 503, 504, 505, 506, 507, 508 512,513
528, 529, 530, 531, 532, 533, 534
46, 547, 548, 549, 550, 551, 552, 553, 554,
) , 66, 567, 568, 569, 570, 5
579, 580, S81, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 5
593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630,
631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649,
650, 651, 652, 653, 654, 655, 656, 657, 658, 639, 660, 661, 662, 663, 664, 665, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 630, 681, 682, 683, 684, 685, 686, 687,
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706,
707, 708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725,
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726,727, 728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, TAQ, 741, 742, 743, 744,
745, 746, 747, TAS, 749, 750, 751, 752, 753, 754, 755, 756, 757, 758, 759, 160, 761, 762, 763,
T64, 765, 766, 16T, T68, 769, TI0, TIL, 772, 713, 774, 775, 176, TT7. 718, 779, 780, 781, 782,
783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800, 801,
802, 803, 804, 805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, 820,
821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 830,
840, 841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 853, 854, 853, 836, &57, 858,
839, 860, 861, 862, 863, 864, 863, 866, 867, 868, 869, 870, 871, &72, 873, 874, 875, 876, 877,
878, 879, 880, 881, 882, 883, 884, 885 886, 887, 888, 889, 830, 891, 892, §93, 894, 89S, 894,
897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 9372, 933, 934,
935, 936, 937, 938, 939, 940, 041, 042, 943, 944, 045, 946, 947, 948, 949, 950, 951, 952, 953,
054, 953, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, B70, 971, 972,
973, 974, 975, 976, 977, 978, 979, 980, 981, 982, 083, 084, 985, 986, 987, 988, 989, 990, 991
992, 993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008,
1009, 1010, 1011, 1012, 1013, 1014, 1015, 10616, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1033,
1054, 1035, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1063, 1066, 1067, 1068,
1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083,
1084, 1085, 1086, 1087, 1088, 1089, 1090, 1001, 1092, 1093, 1094, 1095, 1096, 1097, 1098,
1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113,
1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128,
1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143,
1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158,
1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173,
1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 118§,
1189, 1196, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199 or 1200 amino acids.
{8363} In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5, 6,7, 8,9, 10, 11, 12,13, 14, 15, 16, 17, 1§, 19, 20,
23,724, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
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47, 48, 49, 50, 51, 52, 53, 54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74, 75,76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,

99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
124, 125,
144,
163,
182,
201,
220,
. 239,
3, 250,

118, 119, 120,
137, 138, 139,
156, 157, 158,
175, 176, 177,
194, 195, 196,
213,214, 215
232, 233, 234,
251,252, 7
270, 272,
289, 290, 291,
308, 309, 310,
327,328, 329,
346, 347, 348,
365, 366, 367,
384, 385, 386,
403, 404, 405,

422,423, 424,
441, 442, 443,
460, 461, 462,
479, 480, 481,
498, 499, 500,
517, 518, 519, 52
336, 537, 538,

553, 556, 557,

574, 575, 576,
593, 594, 595, 5
612, 613, 614,
631, 632, 633,

3, 254, 255,

121, 122, 123,
140, 141, 142,
159, 160, 161,
178, 179, 180,
197, 198, 199,

5,216, 217, 218,

237,23

235, 236,
256,
273,274, 2

292, 293,

311,312, 313, 3

(5]

30, ]
349, 350,
368, 369,
387, 3
406,
425, 426, 4
444, 445,
463, 464, 4

482,

597, 598,
615, 616, 617,

634, 635, 636,

143,
162,
181,
200,
219,

599, 600,
618,619,
637, 638,

), 207, 298,

4,335, 3]

373,374,375,

126, 127, 128, 129, 130,
145, 146, 147, 148, 149,
164, 165, 166, 167, 168,
183, 184, 185, 186, 187,
206,
5, 226,
245,
3, 264,
2,283, 284
, 302, 30
. 321,

202, 203, 204, 205,
221, 222,223, 224
240, 241, 242, 243, 2
260,
279,

>

261, 262,
280, 281,
299, 300,
3, 319, 2
338,
56,357, 35

278,

316, 2

354,

601, 602,
620, 621,

119

359,

, 584, 585, 586, S
603, 604, 605, 6
622, 623, 624,
639, 640, 641, 642, 643, 6

131, 132, 133,

150, 151, 152,
169, 170, 171,
188, 189, 190,
208, 209,
3, 229, 230, 231,
| 248,249,
5. 267, 268,
5,286, 287,
. 308, 306,
3,324,

207,
227,

246,
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153,154, 1
172,173, 174,
191,192, 193,
210,211, 212,

55,
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363,364,
382, 383,
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439, 440,
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477, 478,
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650, 651, 652, 653, 654, 655, 656, 657, 638, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 082, 683, 684 685, 686, 687,
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706,
707,708, 709, 710, 711, 712, 713,714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725
726,727, 728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743, 744
745, 746, 747, 748, 749, 750, 757,758,759, 760, 761, 762, 763,
764,765, 760, 767, 768, 769, 770, 771, 712, T 776,777,778, 779, 780, 781, 782,
783, 784, 78S, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800, 801,
802, 803, 804, 805, 806, R07, 808, 809, 8§10, 811, 812, 813, 814, 815, 816, 817, 81§, 819, 820,
821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839,
840, 841, 842, 843, 844, 845, R46, 847, 848, 849, 850, 851, 852, 833, 8534, 855, 836, 857, 858,
859, 860, 861, 862, 863, 864, 865, Boo, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877,
878, 879, 880, 881, 882, 883, 884, 885, 886, 887, 888, 889, 830, 891, 892, 893, 894, 89S, 896,
897, 89&, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
935, 936, 937, 938, 939, 9440, 941, 942, 943, 944, 945, 946, 947, 948, 949, 950, 951, 9352, 933,
954, 955, 936, 957, 9S8, 959, 960, 961, 962, 963, 964, 965, 966, 967, 96§, 969, 970, 971, 972,
973, 974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 985, 986, 987, 988, 989, 990, 991,
992, 993, 994, 995, 995, 997, 998§, 999, 1000, 1001, 1602, 1003, 1004, 1005, 1006, 1067, 1008,
1009, 1016, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053,
1054, 1055, 1056, 1057, 1658, 1039, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068,
1069, 1676, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083,
1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098,
1099 or 1100 anuno acids.

{63621  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24, 25, 26,27, 28,29, 30,31, 32, 33, 34,35, 36,37, 38 39,40, 41, 42 43 44 45 46,
47, 48, 49, 50, 51, 52, 83, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76, 77,78, 79, 80, 81, &2, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 07 98,
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99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125,126, 127, 128, 120, 130, 131, 132, 133, 134, 135, 136,
137,138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251,252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 168, 269,
270,272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
289, 200, 201, 292, 293, 294, 295, 206, 207, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307
308,309,310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326,
327,328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, ;
346, 347, 348, 349, 350, 351, 352, 353 353, 356, 357, 358, 359, 360, 361, 362, 363, 364,
365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383
384, 385, 386, 387, 388, 389, 390, 391, 3¢ 394, 395, 396, 397, 398, 399, -
403, 404, 405, 406, 407, - 410,411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422,423, 424, - 431, 432, 433, 434, 435, 436, 437, 438, 4

141, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,

539, 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554,
555, 556, 557, 538, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571,

574, 575, 579, 580, S81, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592,
593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630,
631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649,
650, 651, 652, 653, 654, 655, 656, 657, 658, 639, 660, 661, 662, 663, 664, 663, 666, 667, 668,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 630, 681, 682, 683, 684, 685, 636, 687,
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95, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706,
719, 720, 721, 722, 723, 724, 725,
7,738, 739, 740, 741, 742, 743, 744,
757, 758, 759, 760, 761, 762, 763,

688, 689, 690, 691, 692, 693, 694
707, 708, 709, 710, 711, 712, 713
726,727, 728, 720, 730, 731, 732, 733, T34
745, 746, T4T. AR, T49, 750, 751, 752, 753, 754, 755, 756
764, 765, 766, 767, 768, 769, 70, TT1, 772, T3, 774, 775, 776, 777, 778, 779, 780, 781, 782,
743, 784, 783, 786, 787, 788, 789, 790, 791, 792, 793, 704, 795, 796, 797, 798, 799, 800, 801,
802, 803, 804, 805, 806, 807, 808, 809, 810, 811, %12, 13, 814, 815, 816, 817, 81§, 819, 820,
821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839,
840, 841, 842, 843, 844, B45, 846, 847, 848, 849, 830, 851, 852, 833, 8534, 855, 836, 857, 85K,
850 860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 8§70, 871, 872, 873, 874, 875, 876, 877,
878, §79. 880, 881, 882, 883, 884, 885, 886, $87. 888, 889, 890, 891, §92. 893, §94, 89S, 896,
897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
935, 936, 937, 938, 930, 040, 941, 942, 943, 944, 945 946, 947, 948, 949, 950, 931, 952, 953,
054, 935, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972,
973, 974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 985, 986, 987, 988, 989, 990, 991,
992, 993, 994, 995, 995, 997, 998, 999 ar 1000 amino acids.

{3383]  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5,6, 7, 8,9, 16, 11, 12,13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24,25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, S
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 1606, 167, 168, 169, 170, 171, 172, 173, 174,
175,176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 18&, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214,215, 216, 217, 218, 210, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231
232,233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,

> >
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859, 860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877,
878 879, 880, 881, 882, 883, 884, 885, 886, 887, 888, 889, 800, 891, 892, 893, 894 895, 896,
897, 898, 899 or 900 amino acids.

{8364}  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a fength of about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20,
21,22, 23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137,138, 130, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178,179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199 200, 201, 202, 203, 204, 205, 206, 207, 208, 200, 210, 211, 212,
213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233,234, 235,236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270,272,272, 273,274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
289, 290, 291, 292,293, 294 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, !
308,309, 310, 311, 312, 313, 314, 315, 316,317 319,320, 321,322, 323,324
327,328, 329, 330, 331, 332, 333, 334, 335, . 338,339, 340
346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362,
365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422,423,424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
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460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, AR3, 484, 485, 486, 487, 488, 480, 400, 401, 492, 493, 494, 495, 496, 497,
498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516,
517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535,
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In some aspects, the spike protein or variant thereof of the at least one furst specific

binding partner can have a length of about 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, 35, 36,37, 38,39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 81, 52, 53, 54, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
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308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326,
327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345,
346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364,
365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 301, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,

403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422,423,424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
441,442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459

460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 480, 490, 491, 492, 493, 494, 495, 496, 497,
498, 499 300, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516,
S18, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535,
336, 537, 538, 539, 540, 541, 542, 543, 544, 545, 546 349, 550, 351, 552, 553, 554,
555, 536, 557, 538, 550, 560, 361, 562, 563, 564, 365, 566, 567, 568, 569, $70, 571, 572, 573,
574,575,576, 877, 578, 579, 580, 381, 582, 383, S84, 58S, 586G, 587, 538§, 589, 590, 591, 592,
593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612, 613, 614, 615, 615, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630,
632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649
630, 651, 652, 653, 654, 655, 656, 657, 638, 659, 660, 661, 662, 663, 664, 665, 666, 667, GOR,
669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 683, 684, 685, 686, 687,
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, or 700 amino acids.

{83881  In some aspects, the spike protein or vanant thereof of the at least one first specific
binding partner can have a length of about 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 13, 19, 20,
21,22, 23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76, 77,78, 79, 80, 81, 82, B3, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 103, 106, 107, 108,109, 110, 111, 112, 113, 114, 115, 116, 117,
118,119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175,176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,

126
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194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231
33,234, 235, 236, 237, 238, 239, 240, 241, 242, 243 247, 248, 249, 250,
, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 263, 269,
5, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288
290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 304, 305, 306, 307,
308,309, 310, 311, 312, 313, 314, 315, 316, 317, 318 2, 323, 324, 325

329, 330, 331 336, 337, 338, 339, 340, 341, 342, 343, 344, 345,
346, 347, 348, 349, 350 359, 360, 361, 362, 363, 364
365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 301, 302, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422, 423, 424, 425, 426, 427, 428, 429, 430, , 435,436, 437, 438, 439, 440,
, 442, 443, 444, 445, 446, 447, 448 , 456, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497,
498, 499, 500, 301, 502, 503 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516

>

17, 18, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, $31, 532, 533, 534, 535,
536, 537, 538, 539, S40, 541, 542, 543, 344, 545, 546, S47, 548, 549, 350, 551, 552, 553, 554,

585, 556, 557, 558§, 559, 560, 561, 562, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573,

574, 575,576, 877, 578, 579, 580, 381, 582 583, 584, 58S, 586, 587, 588, 589, 590, 591, 592,
593, 594, 5935, 596, 597, 598, 599, or 600 amino acids,

{83871 In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5,6, 7, 8,9, 10, 11, 12,13, 14, 15, 16, 17, 1§, 19, 20,
21,22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46,
47, 48,49, 50, 51, 52, 53, 54, 35, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74, 75,76,77, 78,79, 80, 81, &2, 83, 84, 85, 86, 87, 88, 89, 00, 91, 92, 93, 94, 95, 96, 97, 9§,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136
37138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174

[y
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175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,

>

251,252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270,272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,

298, 299, 300, 301, 302, 303, 304, 305, 306, 307

2

289, 290, 291, 292, 293, 294, 295, 206, 29
31

308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326
327,328, 320, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345,

5
346, 347, 348, 349, 350, 351, 352, 353, 354
365, 366, 367, 368, 369, 370, 371,372, 373, 374, 3

.

353, 356, 357, 358, 359, 360, 361, 362, 363, 364,
, . , L 376, 377, 378, 379, 380, 381, 382, 383,
385, 386, 387, 388, 389, 390, 391, 392, 393, 304, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421,
422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459,
461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 401, 492, 493, 494, 495, 496, 497,

498, 499, or 500 amino acids.

~J
W

{8388}  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5,6, 7, 8,9, 10, 11,12, 13,14, 15 16, 17, 18, 19, 20,
21,22, 23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74,75, 76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118,119, 120, 121, 122, 123, 124,125,126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 13§,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
104, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214,215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,

232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
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251,252, 253, 254, 255, 256, 257, 258, 250, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270,272, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307,
311,312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326
327,328,329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344

5, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364
365, 366, 367, 368, 369, 370, 371, 372, 373, 3 376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399 or 400 amino

Cad

(o)

3

E\)
(o8]

5

(98]

acids.

{8388  In some aspects, the spike protein or variant thereof of the at least one first specific
binding partner can have a length of about 5,6, 7. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24,25, 26, 27. 28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47 48, 49, 50, 51, 52, 53, 54, 55, 36, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74, 75,76, 77,78, 79, $0, 81, 82, 83, 84, 83, 86, 87, 88, 80, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148 149, 150, 151, 152, 153, 154, 155,
1586, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175,176, V77,178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
32,233, 234, 235, 236, 237, 238, 230, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249 or 250

fJ

3
S
N

ammno acids.

{8318} In another aspect, the spike or variant thereof used of the first specific binding partner
can have a length of about § amuno acids to about 1500 ammno acids, about 10 anuno acids to
about 1500 amine acids, about 15 amuno acids to about 1500 amino acids, about 20 amino acids
to about 1500 amino acids, about 25 amino acids to about 1500 amino acids, about 30 amino
actds to about 1500 amino acids, about 40 amino acids to about 1500 amino acids, about 50
amino acids to about 1500 amino acids, about 60 amino acids to about 1500 amino acids, about
70 amino acids to about 1500 amino acids, about 735 amino acids to about 1500 amino acids,

about &0 amino acids to about 1500 amino acids, about 90 amino acids to about 13500 amino
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actds, about 100 amino acids to about 1500 amino acids, about 5 amino acids to about 1400
amino acids, about 10 amino acids to about 1400 amino acids, about 15 amino acids to about
1400 amino acids, about 20 amino acids to about 1400 amino acids, about 25 amino acids to
about 1400 amino acids, about 30 amino acids to about 1400 amino acids, about 40 amino acids
to about 1400 ammno acids, about 56 amino acids to about 1400 amino acids, about 60 amino
actds to about 1400 amino acids, about 70 amuno acids to about 1400 amine acids, about 75
amino acids to about 1400 amine acids, about 80 amino acids to about 1400 amino acids, about
90 amino acids to about 1400 amino acids, about 100 amino acids to about 1400 amino acids,
about 5 amino acids to about 1300 amino acids, about 10 amino acids to about 1300 amino acids,
about 15 amino acids to about 1300 amino acids, about 20 amino acids to about 1300 amino
acids, about 25 amino acids to about 1300 amino acids, about 30 amino acids to about 1300
amino acids, about 40 amino acids to about 1300 amino acids, about 30 amino acids to about
1300 amino acids, about 60 amino acids to about 1300 amino acids, about 70 amino acids o
about 1300 amino acids, about 75 amino acids to about 1300 amino acids, about 80 amino acids
to about 1300 ammo acids, about 90 amino acids to about 1300 amino acids, about 100 anino
acids to about 1300 amine acids, about S amine acids to about 1200 amino acids, about 10 amino
acids to about 1200 amino acids, about 15 ammo acids to about 1200 anuno acids, about 20
amino acids to about 1200 amino acids, about 25 amino acids to about 1200 amino acids, about
30 amino acids to about 1200 amino acids, about 40 amino acids o about 1200 amino acids,
about 50 amino acids to about 1200 aminoe acids, about 60 amino acids to about 1200 amino
actds, about 70 amino acids to about 1200 amino acids, about 75 amino acids to about 1020
amino acids, about 80 amino acids to about 1200 amino acids, about 90 amino acids to about
1200 amino acids, about 100 amine acids to about 1200 amino acids, about 5 amuino acids to
about 1100 amino acids, about 10 amino acids to about 1100 amino acids, about 15 amino acids
to about 1100 amino acads, about 20 amino acids to about 1100 amine acids, about 25 amine
acids to about 1160 amino acids, about 30 amino acids to about 1100 amino acids, about 40
amino acids to about 1100 amino acids, about 50 amino acids to about 1100 aming acids, about
60 aming acids to about 1100 amino acids, about 70 amino acids to about 1100 amino acids,
about 75 amino acids to about 1100 amino acids, about 80 amino acids to about 1100 amino
acids, about 90 amino acids to about 1100 amino acids, about 100 amino acids to about 1100

amino acids, about 5 amine acids to about 1000 amino acids, about 10 amino acids to about
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1000 amino acids, about 15 amino acids to about 1000 amino acids, about 20 amino acids to
about 1000 amino acids, about 25 amino acids to about 1000 amino acids, about 30 amino acids
to about 1000 amino acids, about 40 aming acids to about 1000 amino acids, about 50 amino
actds to about 1000 amino acids, about 60 amino acids to about 1000 amino acids, about 70
amino acids to about 1000 aming acids, about 75 amino acids to about 1000 amino acids, about
&0 amino acids to about 1000 amino acids, about 90 amino acids to about 1000 amino acids,
about 100 aming acids to about 1000 amino acids, about 5 amino acids to about 900 aming acids,
about 10 amino acids to about 900 amino acids, about 15 amino acids to about 900 amino acids,
about 20 amino acids to about 900 amino acids, about 25 amino acids to about 900 amino acids,
about 30 amino acids to about 900 amino acids, about 40 amino acids to about 900 amino acids,
about 50 amine acids to about 900 amino acids, about 60 amino acids to about 900 amino acids,
about 70 amino acids to about 900 amino acids, about 75 amino acids to about 900 amino acids,
about 80 amino acids to about 900 amino acids, about 90 amino acids to about 900 amino acids,
about 100 amino acids to about 900 amino acids, about 5 amine acids to about 800 amino acids,
about 10 amino acids to about 800 amino acids, about 15 aminoe acids to about 800 ammno acids,
about 20 amino acids to about 800 amino acids, about 25 amine acids to about 800 amino acids,
about 30 amino acids to about 800 amino acids, about 40 amine acids to about 800 ammo acids,
about 50 amino acids to about 800 amino acids, about 60 amino acids to about 800 amino acids,
about 70 amine acids to about 800 amino acids, about 75 amino acids to about 800 amino acids,
about 80 amino acids to about 800 amino acids, about 90 amino acids to about 800 amino acids,
about 100 amino acids to about 800 amino acids, about § amino acids to about 700 amino acids,
about 10 amino acids to about 700 amino acids, about 15 amino acids to about 700 amino acids,
about 20 amino acids to about 700 amino acids, about 25 amine acids to about 700 amino acids,
about 30 amine acids to about 700 amino acids, about 40 amino acids to about 700 amine acids,
about 50 amino acids to about 700 amino acids, about 60 amine acids to about 700 amino acids,
about 70 amino acids to about 700 amino acids, about 75 amino acids to about 700 amino acids,
about &0 amino acids to about 700 amino acids, about 90 amine acids to about 700 amino acids,
about 100 amino acids to about 700 amino acids, about 5 amino acids to about 600 amino acids,
about 10 amino acids to about 600 amino acids, about 15 amino acids to about 600 amino acids,
about 20 amino acids to about 600 amino acids, about 25 amino acids to about 600 amino acids,

about 30 amino acids to about 600 amino acids, about 40 amino acids to about 600 amino acids,

131



WO 2021/211332 PCT/US2021/026149

about 50 amino acids to about 600 amino acids, about 80 amino acids to about 600 amino acids,
about 70 amino acids to about 600 amino acids, about 75 amino acids to about 600 amino acids,
about 80 amino acids to about 600 amino acids, about 90 amino acids to about 600 amino acids,
about 100 amino acids to about 600 amino acids, about 5 amino acids to about 500 amino acids,
about 10 amino acids to about 500 amino acids, about 15 amino acids to about 500 amino acids,
about 20 amino acids to about 500 amino acids, about 25 amino acids to about 500 amino acids,
about 30 amino acids to about 500 amino acids, about 40 amino acids to about 500 amino acids,
about 50 amino acids to about 500 amino acids, about 60 amino acids to about 500 amino acids,
about 70 amino acids to about S00 amino acids, about 75 amino acids to about 300 amino acids,
about 80 amino acids to about 500 amino acids, about 90 amino acids to about SO0 amino acids,
about 100 amino acids to about SO0 amino acids, about S amino acids to about 400 amino acids,
about 10 amino acids to about 400 amino acids, about 15 amino acids to about 400 amino acids,
about 20 amino acids to about 400 amino acids, about 25 amino acids to about 400 amino acids,
about 30 amino acids to about 400 amino acids, about 40 amine acids to about 400 amino acids,
about 50 amino acids to about 400 amino acids, about 60 amino acids to about 400 ammno acids,
about 70 amino acids to about 400 amino acids, about 75 amine acids to about 400 amino acids,
about 80 amuno acids to about 400 amino acids, about 90 amine acids to about 400 ammo acids,

about 100 amino acids to about 400 amino acids, about 5 amine acids to about 300 amino acids,

about 10 amino acids to about 300 amino acids, about 15 amino acids to about 300 amino acids

5

about 20 amino actds to about 300 amino acids,
about 30 amino acids to about 300 amino acids,
about SO amine acids to about 300 amino acids,
about 70 amino acids to about 300 amuno acids,

about 80 amine acids 1o about 300 ammno acids,

about 25 amino acids to about 300 amino acids,
about 40 amino acids to about 300 amino acids,
about 60 ammno acids to about 300 aming acids,
about 75 amino acids to about 300 amino acids,

about 90 amino acids to about 300 aming acids,

about 100 amino acids to about 300 amino acids, about 5 amino acids to about 200 amine acids,

about 10 amino acids to about 200 amino acids, about 15 amino acids to about 200 amino acids,

about 20 amino acids to about 200 amino acids

about 30 amino acids to about 200 amino acids,

about 50 amino acids to about 200 amino acids
about 70 amino acids to about 200 amino acids

about 80 amino acids to about 200 amino acids

. about 25 amino acids to about 200 amino acids,
about 40 amino acids to about 200 amino acids,
, about 60 amino acids to about 200 amino acids,
. about 75 amino acids to about 200 amino acids,

, about 90 amino acids to about 200 amino acids,

i
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about 100 amino acids to about 200 amino acids, about 5 amino acids to about 100 amino acids,
about 10 amino acids to about 100 amino acids, about 15 amino acids to about 100 amino acids,
about 20 amino acids to about 100 amino acids, about 25 amino acids to about 100 amino acids,
about 30 amino acids to about 100 amino acids, about 40 amino acids to about 100 amino acids,
about 50 amino acids to about 100 amino acids, about 60 amino acids to about 100 amino acids,
about 70 amino acids to about 100 amino acids, about 75 amino acids to about 100 amino acids,
about 80 amine acids to about 100 anuno acids, or about 90 aming acids to about 100 amino
acids.

18311}  In some aspects, the spike protein comprises the RBD of a spike protein of a B-
coronavirus {e.g., SARS-CoV or SARS-CoV-2) or any fragments or variants thereof. In other
aspect, the spike protein comprises amino acids 319-342 of SEQ ID NO:15 or amino acids 306
to 528 of SEQ 1D NG:16. In yet another aspect, the RBD protein has the sequence of
RVGPTESIVRFPNITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK
CYGVSPTKLINDLCFTNVYADSFVIRGDEVRQIAPGOTGKIADYNYKLPDDFTGCVIAWN
SNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPONGVEGENCYTFPLQSYGEF
QPTNGVGYQPYRVVVLSFELLHAPATVCGPRKKSTNLVRKNECVNFX 1 (SEQGID NG 17y or
a fragment or variant thereof, wherein Xaa, 13 absent or present, and, if present, is an N or 8.
{83121 A “fragment” of SEQ ID NO:17 refers to a protein or polypeptide that comprises a
part that 1s less than the entirety of SEQ 1D NO:17. A fragment of SEQ ID NO: 17 can comprise
from about 5 to about 200 contiguous anmino acids. In another aspect, a fragment of SEQ ID
NG:17 comprises at least about S contiguous aming acids of SEQ ID N 17, at least about 10
contiguous amino acids of SEQ ID NO:17, at least about 15 contiguous amino acids of SEC ID
NG:17, at least about 20 contiguous amino acids of SEQ 1D NO:17, at least about 25 contiguous
aming geids of SEQ ID N(O:17, at least about 30 contiguous anmino acids of SEQ ID NO17, at
least about 35 contiguous amine acids of SEQ ID NO:117, at least about 40 contiguous amino
actds of SEQ ID NG 17, at feast about 45 contiguous amino acids of SEQ I NG 17, at least
about 50 contiguous amino acids of SEQ 1D NO: 17, at least about 55 contiguous amino acids of
SEQ 1D NG:17, at least about 60 contiguous amino acids of SEQ 1D N(:17, at least about 65
contiguous aming acids of SEQ 1D NG:17, at least about 70 contiguous amino acids of SEQ 1D
NG:17, at least about 75 contiguous aming acids of SEQ 1D NO:17, at least about 80 contiguous
amino acids of SEQ 1 NO:17, at least about 85 contiguous aming acids of SEQ D NG:17, at
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least about 90 contiguous amino acids of SEQ 12 NO:17, at least about 95 contiguous aming
acids of SEQ ID N(O:17, at least 100 contiguous amino acids of SEQ ID NO:17, at least about
105 contiguous amino acids of SEQ 1D N(:17, at least about 110 contiguous amine acids of
SEQ 1D NO:17, at least about 115 contiguous amino acids of SEQ 1D NO:17, at least about 120
contiguous amino acids of SEQ 1D NO:17, at least about 125 contiguous amino acids of SEQ 1D
NQG:17, at least about 130 contiguous ammno acids of SEQ 1 NO:17, at least about 135
contiguous amino acids of SEQ ID NO:17, at least about 140 contiguous amino acids of SEQ 1D
NO:17, at least about 145 contiguous amine acids of SEQ 1D NO:17, at least about 150
contiguous amino acids of SEQ ID NO:17, at least about 55 contiguous anmuno acids of SEQ 1D
NQO:17, at least about 160 contiguous amino acids of SEQ 1D NO:17, at least about 165
contiguous amino acids of SEQ I3 NG:17, at least about 170 contiguous amino acids of SEQ 1D
NO:17, at least about 175 contiguous amino acids of SEQ 1D NO:17, at least about 180
contiguous amino acids of SEQ 1D NO:17, at least about 85 contiguous amino acids of SEQ 1D
NO:17, at least about 190 contiguous amino acids of SEQ 1D NO:17, at least about 95
contiguous amino acids of SEQ 1D NO:17, at least 200 contiguous amino acids of SEQ ID
NO:17 or at least about 205 contiguous amine acids of SEQ ID NO:17,

{83131 In vet another aspect, the RBD protein has the sequence of
RVVBSGDVVRIPNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNSTF
FSTFKCYGVSATKINDLCFSNVYADSFVVKGDDVROIAPGOTGVIADYNYRLPDDEMG
CVLAWNTRNIBATSTOGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPUCTPPALNCY WP
INDYGFYTTTGIGYQPYRVVVLSFELLNAPATVUGPKILSTDLIKNGUVNE Xy (SEQ ID
NO:18) or a fragment or vaniant thereof, wherein Xua1s etther absent or present, and, if present, 13
alNor 8 A “fragment” of SEQ ID N 18 refers {0 a protem or polypeptide that comprises a part
that 13 less than the entirety of SEQ ID N{:18. A fragment of SEQ ID N 18 can comprise from
about 5 to about 200 contiguous amino acids. In another aspect, a fragment of SEQ ID N(G:18
comprises at least about 5 contiguous amno acids of SEQ I NG 18, at least about 10
contiguous aming acids of SEQ D NG: 18, at least about 15 contiguous amine acids of SEQ D
MN(:18, at least about 20 contiguous amino acids of SEQ 1D NG:18, at least about 25 contiguous
amino acids of SEQ 1D NO: 18, at least about 30 contiguous aming acids of SEQ 1D NG 18, at
ieast about 35 contiguous amino acids of SEQ 1D NO: 18, at least about 40 contiguous aming

acids of SEQ 1D N(O:1&, at least about 45 contiguous amino acids of SEQ 1D NG 18, at least
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about SO contiguous amino acids of SEQ 1D NG 18, at least about 55 contiguous amino acids of
SEQ 1D NO:18, at least about 60 contiguous amino acids of SEQ 11 NO: 18, at least about 65
contiguous amino acids of SEQ 1D NO:18, at least about 70 contiguous amino acids of SEQ 1D
NO:18, at least about 75 contiguous amino acids of SEQ 113 NO: 18, at least about 80 contiguous
aming acids of SEQ ID N(O: 18, at least about 85 contiguous amino acids of SEQ ID NO:18, at
least about 90 contiguous amino acids of SEQ ID NG 18, at least about 95 contiguous amino
acids of SEQ ID NG 18, at feast 100 contiguous amino acids of SEQ 1D NO: 18, at least about
103 contiguous amino acids of SEQ 1D NO: 18, at least about 110 contiguous anmino acids of
SEQ ID NO: 18, at least about 115 contiguous amino acids of SEQ ID NG 18, at least about 120
contiguous amino acids of SEQ 1D NG:18, at least about 125 contiguous amino acids of SEQ 1D
NG 18, at least about 130 contiguous amino acids of SEQ 1D NG 18, at least about 135
contiguous aming acids of SEQ 1D NG: 18, at least about 140 contiguous amino acids of SEQ 1D
NG:18, at least about 145 contiguous amino acids of SEQ ID NO: 18, at least about 150
contiguous aming acids of SEQ D NG: 18, at least about 55 contiguous amino acids of SEQ ID
N 18, at least about 160 contiguous amino acids of SE(} 1D NG 18, at least about 165
contiguous amino acids of SEQ ID NG 18, at least about 180 contiguous amino acids of SEQ 1D
N(:18, at least about 185 contiguous ammo acids of SEQ 1D NG: 138, at least about 180
contiguous amino acids of SEQ ID N(G:18, at least about &5 contiguous amino acids of SEQ ID
NG 18, at least about 190 contiguous amino acids of SE(} 1D NG: 18, at least about 95
contiguous amino acids of SEQ ID NO: 18, at least 200 contignous aminoe acids of SEQ 1D
NG:138 or at least about 205 contiguous amine acids of SEQ 1D NO:18.

{83141 In some aspects, the at least one 1solated polypeptide is a fusion protein comprising at
least all or at least a portion of at least one B-coronavirus {such as SARS-CoV or SARS-CoV-2)
isolated spike protein or vanant thereof. In another aspect, the fusion protein may comprise all
or at least portion {e.g., at least S amino acids or more} of the S1 polypeptide, 82 polypeptide,
and/or RBD of a spike protemn from one strain of B-coronavirus {e.g., SARS-CoV or SARS-CoV-
2) operably linked, fused or grafted directly or indirectly {such as through one or more linking
peptide sequences and/or HIS tags) to all or at least a portion {at least 5 amino acids or more) of
a 81 polypeptide, S2 polypeptide, and/or RBD from the same or different strain of B-coronavirus
{e.2., SARS-CoV or SARS-CoV-2). By way of example, in one aspect, the fusion protemn may

comprise all or at least a portion {e.g., at least 5 amino acids or more) of the RBD of a spike
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protein from one strain of B-coronavirus {e.g., SARS-CoV or SARS-CoV-2) operably linked,
fused or grafted directly or indirectly {(such as through one or more linking peptide sequences
and/or HIS tags) to all or at least a portion {at least 5 amino acids or more} of RBD of a spike
protein from the same or different strain of P-coronavirus {e.g., SARS-CoV or SARS-CoV-2).
In another aspect, the fusion protein may comprise all or at least postion {e.g., at least 5 amuno
acids or more) of the NBD of a spike protein from one strain of B-coronavirus {e.g., SARS-CoV
or SARS-CoV-2} operably linked, fused or grafted directly or indirectly (such as through one or
more linking peptide sequences and/or HIS tags) to all or at least a portion {(at least 5 amino acids
or more) of a 81 or S2 polypeptide of a spike protein from the same or different strain of -
coronavirus {e.g., SARS-CaV or SARS-CoV-2). Other variations are possible. For example, in
other aspects, the fusion protein can comprise an epitope for the monoclonal antibody CR3022
{described 1n U.S. Patent No. 8,106,170, ter Meulen, et al |, PLOS Medicine, 3(7).1071-1079
{July 2006) and Yuan et a., Science, published on-line on April 3, 2020
{10.1126/science.abb726%) the contents of which are herein incorporated by reference) fused at
the N-termimnal end of the RBD (also referred to herein as an “eptiope-grafted RBD” fusion
protein ot pepitde). Tn this exarople, a fusion protein comprising methionine as the starting
amino acid can be operably hinked or grafted on to an eputope (such as, for example, through one
or more Hinkiog peptide sequences and/or HIS tags) comprising at least amino acids YNST
(SEQ ID NO:8), YNSA (SEQ 1D NO:9), DDFM (SEQ ID NO: 10y, DDFT (SEQ ID NO: 113,
FSTFRCYGVSATR (SEQ ID NG: 12}, FSTFKCYGVSPTK (REQ 1D NO:13)
ATSTONYNYKYRYLRHGKLR (SEQ ID NG 19) and/or YTTTGIGYQPYRVVLSFEL (SEQ
1D NO:20) which m turn, are operably linked or grafted (such as, for example, through one or
more linking peptide sequences and/or HIS tags) on to the N-terminal end of the RBD, e g,
amino acids 319-541 of 8EQ 1D NO:15 or amino acids 306 to 527 of SEQ ID NO:16 {or any
anafogous region of SEQ ID NOS: 15 or 16). It is well known that in some proteins the intiator
residue methionine 1s cleaved off by an enzyvme since 1t may not be present i the mature
polypeptide/protein.

18315} In some aspects the at least one first specific binding partner {e.g., capiure reagent)
comprises all or at least one portion of at least one isolated polypeptide or variant thereof from a
nucleocapsid protein {e.g., NTD and/or CTD) or variant thereof from one strain of B-coronavirus

{e.g., SARS-CoV or SARS-CoV-2) and all or at least a portion of at least one 1solated
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polypeptide or variant thereof from a spike protein {e.g., S1 polypeptide, RBD and/or 82
polypeptide} or variant thereof from the same or different strain of B-coronavirus {e.g., SARS-

CoV or SARS-CoV-2}. The nucleocapsid protein or variant thereof and spike protein or variant

thereof used in said binding member can have the lengths as described previcusly herem.

At least one Second Specific Binding Partner
{8318}  The at least one second specific binding partner comprising at least detectable label
can be either at least one recombinant antigen or at least one antibody. In some aspects, the at
least one second specific binding pariner is at least one recombinant antigen which comprises all
or at least a portion of at least one i1solated polypeptide from (a) a nucleocapsid protein or
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CaV-2}; (b) a spike protein
or a variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); or{c}a
nucleocapsid protein and spike protein or a varniant of a nucleocapsid protein and/or a spike
protein from a P-coronavirus {such as SARS-CoV or SARS-CoV-2), which can be from the same
P-coronavirus (such as SARS-CoV or SARS-CoV-2) or from a different B-coronavirus {such as
SARS-CoV or SARS-CoV-2). The solated polypeptides used in the recombinant antigens
described previously herein for the at least one second specific binding partner can also be used
with the second specific binding pariner {e.g., derived from the same materials, have the same
iengths, etc). Moreover, the 1solated polypeptides used in the recombinant antigen of the second
specific binding partner can be the same or different than the 1solated polypeptides used in the
recombinant antigen of the first specific binding partner.
{83171 Alternatively, the at least one second specific binding partner can comprise at least one
anttbody that specificaily binds to the anti-B-coronavirus antibody {e.g., analyte) contained 1o the
at least one first specific binding partner-anti-B-coronavirus antibody complex. The antibody
used as the at least one second specific binding pariner 1§ not critical and can be a polyclonal
antibody, a monoclonal antibody, a humanized antibody, a chimeric antibody, a fully human
antibody, a bispecific antibody or a multi-specific antibody. In one aspect, the antibody used as
at least one second specific binding partner can be an anti-species 1g(y {e g, anti-human-1gG
1g() antibody, an anti-species IgM (e g, anti-human-IgM Ig(G) antibody or an anti-species IgG
{e.g., anti-human-IgG 1g() and anti-species 1gM (e g, anti-human-igM 1g() antibody. For

example, 10 some aspects, the antibody used as the at least one second specific binding partner
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can be a mouse IgG antibody, a mouse IgM antibody, a mouse 1g(s and mouse IgM antibody, a
rat Ig(y antibody, a rat IgM antibody, a rat 1gG and rat IgM antibody, a rabbit 1gG antibody, a
rabbit IgM antibody, a rabbit IgG and rabbit IgM antibody, a goat 12 antibody, a goat IgM
antibody, a goat 1gG and goat IgM antibody, a sheep 1gG antibody, a sheep IgM antibody, a
sheep Ig(3 and sheep 1gM antibody, a non-human primate IgG antibody, a non-human primate
IgM antibody, a non-human primate [g(5 and non-human primate 1gM antibody, a human Ig(s
antibody, a human IgM antibody or a human Ig( and human IgM antibody. In one aspect, the at
least one second specific binding partner can be anti-human 1gG {mouse monoclonal) antibody
available in the ARCHITECT®/Aluuty® I Rubella Ig(G assay (Abbott Laboratories, Abbott
Park, 1L), although any other commercially available anti-species 1pG (e g, anti-human-feG
1gG) antibody can be used. In another aspect, the at least one second specific binding partner
can be the murine anti-human IgM antibody available in the ARCHITECT®/Alinity® | Rubella
IgM assay {Abbott Laboratories, Abbott Park, 1L} | although any other commercially available
anti-species 1gG (e.g., anti-human-1gG 1gG) antibedy can be used. In some further aspects, the
method comprises at least a third specific binding partner which s an anti-species 1gG {e.g., anti-
human-lgG 1gG) and/or anti-species 1gM (e g, anti-human-IgM IgG) antibody and at least a
fourth specific binding partner which 13 an antti-species IgG (e.g , anti-human-TgG IgG) and/or
anti-species IgM {e g, anti-human-IegM 1gG) antibody.

{8318}  The P-coronavirus (such as SARS-CoV or SARS-CoV-2) antibody captured in the first
specific binding partner-anti-B-coronavirus antibody-second specific binding partner complex
can be an anti-B-coronavirus Ig( antibody, an anit-B-coronavirus IgM antibody, or an anti-B-
coronavirus Ig(s and anti-B-coronavirus fgM antibody. In one aspect, the antibody analyie 15 an
anti-SARS-CoV IgG antibody, an anti-SARS-CoV IgM antibody, an anti-SARS-CoV-2 1gG
antibody and/or an anti-SARS-CoV-2 IgM antibody. For example, i some aspects, the methods
described heremn involve detecting at least one anti-SARS-CoV-2 1gG antibody 1n at least one
biclogical sample obtained from a subject wherein the at least one first specific binding partner 1s
a C-terminal domain nucleocapsid protein or vanant thereof that (1) has an amino acid sequence
of SEQ 1D NO:1; (2) 1s a fusion protein comprising an initiator amino acid methionine and the
sequences GPONQG (SEQ ID NG:21), RSAPRITFG (SEQ 1D NG7), GPTDST (SEQ 1D NG:23),
and amino acids 211 to 419 of SEQ 1D NG:2; or (3) 1s a fusion protein comprising an imtiator

amino acid methionine and the sequences GPQSNQ (SEQ 1D NG:22), RSAPRITFG (SEQ 1D
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NG Ty, GPTDST (SEQ ID N(:23), and amino acids 211 t0 419 of SEQ 1D NO:2 and specifically
binds to at least one anti-SARS-CoV-2 Ig(G antibody and the second specific binding partner is at
ieast one anti-species 1gG (e.g., anti-human-1gG 1gG) antibody. In yet other aspects, the methods
described herein mvolve detecting at least one anti-SARS-CoV-2 IgM antibody in at least one
biclogical sample obtained from a subject wherein the at least one first specific binding partner is
a C-ternunal domain nucleocapsid protein or variant thereof that (1) has an amino acid sequence
of SEQ D NO:1; (2) 15 a fusion protein comprising an initiator amino acid methionine and the
sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D NG:23),
and amino acids 211 t0 419 of SEQ 1D NO:2; or (3) 1s a fusion protein comprising an initiator
amine acid methionine and the sequences GPOSNQ (SEQ 1D NG:22), RSAPRITFG (SEQ 1D
NG:7y, GPTDST (SEQ 1D NO:23), and amino acids 211 to0 419 of SEQ D NO:2 and specifically
binds 1o at least one anti-SARS-CoV-2 IgM antibody and the second specific binding partner s
at least one anti-species 1gM (e g, anti-human-fgh e} antibody.

{8318} In vet other aspects, the methods described herein involve detecting at least one anti-
SARS-CoV-2 TgM antibody in at least one biological sample obtained from a subject wherein the
at least one first specific binding pariner 13 a receptor binding domain {RBD) of a spike protein
or variant thereof that has an amuno acid sequence of amino acids 319 to 542 of SEQ 1D NG:15
or SEQ ID NOG:17 and specifically binds to at least one anti-SARS-CoV-2 IgM antibody, and the
second specific binding partner 1s at least one anti-species IgM {e.g., anti-human-IgM IgG)
antibody. In still yet other aspects, the methods described heren involve detecting at least one
anti-SARS-CoV-2 IgG antibody in at least one biological sample obtained from a subject
wherein the at least one first specific binding partner 13 a recepior binding domain {RBD} of a
spike protein or variant thereof that has an amino acid sequence of amine acids 319 to 542 of
SEQ 1D NG:15 or SEQ ID NG 17 and specifically binds to at least one anti-SARS-CoV-2 I1gG
antibody, and the second specific binding partner 15 at least one anti-species IgG (e.g., anti-
human-Ig(G 1g() antibody.

{63281 In yet other aspects, the methods described herein involve determining the presence of
or amount, level and/or concentration (e.g., quantitating or semi-quantitating} of at least one anti-
SARS-CoV-2 IgG antibody in at least one hiological sample obtained from a subject wherein the
at least one first specific binding partner s a receptor binding domain (RBD) of a spike protein

or variant thereof that has an aming acid sequence of amino acids 319 to 542 of SEQ 1D NG:1S
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or SEQ 1D NO:17 and specifically binds to at least one anti-SARS-CoV-2 1gG antibody, and the
second specific binding partner is at least one anti-species IgG {e.g., anti-human-IgG I12G)
antibody. When determining the presence of or amount, level and/or concentration of at least
one anti-SARS-CoV-2 12G antibody in a biological sample, the dynamic range of the method
can be improved by diluting the biclogical sample either prior to or before performing the
method. While not wishing to be bound by any theory, it is conceivable that dilution of the
biological sample prior to (i.e., or before) performing the method serves to prevent saturation of
antigen binding sites on a solid support where an antibody or other molecule comprising antigen
binding sites 1s employed for capture. In some aspects, the dilution occurs prior to performing
the methods herein, e.g., as a separate dilution step. In other aspects, the dilution occurs during
the performance of the method, e g, where an automated instrument 1s emploved this may be
done on the mstrument tiself. For example, the biclogical sample can be diluted about 1-fold,
about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 10-fold, about 11-fold,
about 12-fold, about 13-fold, about 15-fold, about 16-fold, about 17-fold, about 18-fold, about
19-fold, about 20-fold, about 21-fold, about 22-fold, about 23-fold, about 24-fold, about 25-fold,
about 26-fold, about 27-fold, about 28-fold, about 29-fold, about 30-fold, about 31-fold, about
32-fold, about 33-fold, about 34-fold, about 35-fold, about 36-fold, about 37-fold, about 38-fold,
about 39-fold, about 40-fold, about 41-fold, about 42-fold, about 43-fold, about 44-fold, about
45-fold, about 46-fold, about 47-fold, about 48-fold, about 49-fold, about 50-fold, about 160-
fold, or greater prior to use {either before performing the method or during the performance of
the method). In certain aspects, the biological sample 1s diluted about 1-fold. In other aspects,
the biological sample 15 diluted about 5-fold. In vet other aspects, the biological sample 15
diluted about 10-fold. In still yet further aspects, the biological sample 18 diluted about 15-fold.
in vet other aspects, the bioclogical sample 15 diluted about 20-fold. In still yet further aspects,
the biological sample is diluted about 25-fold. In vet further aspects the biological sample is
diluted about 30-fold. In still yet further aspects, the biological sample is diluted about 35-fold.
{63211 In some aspects, the method described herein can be used for the qualitative and
quantative determination of [gG antibodies to SARS-CoV-2 in a bislogical sample, such as, for
use an an atd in identifying individuals with an adaptive immune response to SARS-CoV-2,
mdicating recent or prior infection. In other aspects, the methods described herein are used for

the quantaiing or semi~quantitating of IgG antibodies to SARS-CoV-2 in a biological sample. In
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these aspects, the method described herein is capable of guantifying about 95%, about 96%,
about 97%, about 98% or about 99% of anti-SARS-CoV-2 1G antibodies within an EMI with
automated dilution. In vet other aspects, the method quantifies about 99% of anti-SARS-CoV-2
1g3 antibodies within an EMI with automated diletion. In stili further aspects, the method
quantifies about 7%, about 88%, about 89%, about 90%, about 91%, about 92% or about 93%
of anti-SARS-CoV-2 Ig(s antibodies within an ULMI with no dilution. In vet further aspects, the
method quantifies about 91% of anti-SARS-CoV-2 Ig( antibodies within an ULMI with no
dilution. In still a further aspect, the method quantifies about 98% of anti-SARS-CoV-2 oG
antitbodies within an ULMI with no dilution. In still vet further aspects, the ULMI of the
methods of the present invention are about 2.0 times higher, about 2.5 times higher, about 3.0
times higher, about 4.0 times higher, about 5.0 times higher, about 10 times higher, about 15
times higher, about 20 times higher, or about 25 times higher than other methods known in the
art, In some aspects, the ULMI of the methods of the present invention are about 2.7 times higher
than other methods known in the art (unpublished data). In still further aspects, the ULMI i3
about 22 tumes higher than other methods known i the art (unpublished data). In still other
aspects, the method described herein can be used as an aid in the diagnosis of SARS-CoV-2
mfection in conjunction with clinical presentation and other laboratory tests. The method can
also be used as an aid in evaluating immune status of SARS-CoV-2 mfected individuals and to
momntor antibody response to individuals that have received one or roore SARS-CoV-2 vaceines,
{83321 In yet other aspects, the methods described herein involve determining the presence of
or amount, level and/or concentration {e.g., quantitating or semi-quantitating) of at least one anti-
SARS-CoV-2 [g antibody 1n at least one bislogical sample obtained from a subject wherem the
at least one first specific binding partner 15 a receptor binding domain (RBD) of a spike protein
or variant thereof that has an amino acid sequence of aming acids 319 to 542 of SEQ 1D NG 1S
or SEQ 1D NG:17 and specifically binds to at least one anti-SARS-CoV-2 1gG antibody, and the
second specific binding partner 1s at least one anti-species IgG (e g., anti-human-IgG Ig(Gy
antibody. When determining the amount, level and/or concentration of at least one anti-SARS-
CoV-2 lgG antibody in a bislogical sample, the dynamic range of the method optionally can be
improved by diluting the biological sample either prior to or before performing the method.
While not wishing to be bound by any theory, i1t is conceivable that ditution of the biclogical

sample prior to {1.e., or before) performing the method serves to prevent saturation of antigen
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binding sites on one or more solid supports {e.g., where an antibody or other molecule
comprising antigen binding sites is emploved for capture). In some aspects, the dilution occurs
prior to performing the methods herein, e.g | as a separate dilution step. In other aspects, the
dilution ocours during the performance of the method, e.g., where an automated instrument s
employed this may be done on the instrument itself. In some aspects, the dilution s performed by
mixing about 10 uk {microliter) of the biclogical sample (e.g., original biological sample) and
about 290 uL of at least one buffer (such as for example, an assay buffer, a wash buffer, etc } to
form a biological sampling mixture {e.g., for a total volume of 300 uL}. 10 pL of the total
volume of the biological sampling mixture {e.g., about 0.033 uL of the original biological
sample (10 pb/300 pl)) is removed and then used or employed in the performance of the
method (0.033 gL x 10 ub. = 0.33 ul of biclogical sample). In some aspects, the method
described herein is capable of quantifying about 95%, about 96%, about 97%, about 98% or
about 99% of anti-SARS-CoV-2 1gG antibodies within an EMI with automated dilution. Inyet
other aspects, the method quantifies about 99% of anti-SARS-CoV-2 IgG antibodies within an
EMI with automated dilution. In other aspects, the method quantifies about 87%, about 88%,
about 89%, about 90%, about 91%, about 92% or about 93% of anti-SARS-CoV-2 1gG
antibodies within an ULMI with no difution. In yet further aspect, the method quantifies about
91% of anti-SARS-CoV-2 oG antibodies within an ULMI with no dilution.  Additionally, n
some aspects, the method described herein can be used for the qualitative and quantitative
determination of 1gG anitbodies to SARS-CoV-2 in human serum i plasma. In other aspects,
the method described herein can be used as an aid in the diagnosis of SARS-CoV-2 infection in
conjunction with chinical presentation and other laboratory tests. The method can also be used as
an aid in evaluating umrmume status of SARS-CoV-2 mfected mdividuals and to monstor antibody
response to individuals that have received one or more SARS-CoV-2 vaccines.

{83231 Instull yet other aspects of the methods described herem, the methods further comprise
detecting at least one anti-SARS-CoV-2 1gG neutralizing antibody, such as, for an example, at
least one anti-SARS-CoV-2 Ig( neutralizing antibody. Specifically, in this aspect, the methods
described herein have been found to demonstrate high qualitative agreement with a plague
reduction neutralization assay. Specifically, increasing amounts of anti-SARS-CoV-2 1gG
antibodies detected by the methods described herein have been found to be associated with

mereasing amounts of anti-SARS-CoV-2 neutralizing antibodies (e.g., anti-SARS-CoV-2 IgG
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neutralizing antibodies). In this aspect, levels of anti-SARS-CoV-2 IgG antibodies of at least
about 4100 AU/mE (at least about 582 BAU/mL}, about 4120 AU/mL (about 585 BAU/mL),
about 4130 AU/mL (about 586 BAU/mL), about 4140 AU/mL (about 387 BAU/mL)}, about 4150
AU/mL (about 589 BAU/mL), about 4160 AU/mL (about 590 BAU/mL), about 4170 AU/mL
{about 592 BAU/mL), about 4180 AU/mL (about 593 BAU/mL), about 4190 AU/mL (about 594
BAU/mL), or about 4200 AU/mL (about 596 BAU/mL) have been determined to correlate with
newtralization. For example, levels of anti-SARS-CoV-2 1g(G antibodies of at least 4160 AU/mL
{about 590 BAU/mL) used as a cut-off or threshold have been found to correspond to an about
0.95 probability of obtaining a plaque reduction neutralization test 3530 ata 1:250 diution.
Additionally, the probability profile of the methods described herein correspond to high titer
levels in the plaque reduction neutralization assay such that there 1s a high probability of the
levels of anti-SARS-CoV-2 1pG antibodies determined by the methods being at or above the
ievels of anti-SARS-CoV-2 1gG neutralizing antibedies determined m the plaque reduction
neutralization assay {See, Example 9). Finally, in still a further aspect the methods described
heretn have been found to demonstrate high qualitative agreement with an ACE2 binding
mhibition assay (See, Exaruple 10).

{8324]  In further aspects, the methods described herein eraoploy a small volume of biclogical
sarnple {e.g., which can be obtained via dilution as described in the vomediately preceding
paragraph). The small volume of biological sample used in the method s from about .30 ul. to
about 0.40 ul.. In some aspects, the small volume of biclogical sample used in the method 15 at
least about 0.30 gk, at least about 0.31 pL, at least about 0.32 pl., at least about 0.33 gL, at least
about 0.34 ul., at least about 0.35 ul., at least about 0.36 ul, at least about 8.37 ul., at least
about 0.38 uL, at least about 0.39 yL, or at least about 0.40 ul.,

{83281 In some aspects, when the method uses only 3 first specific binding partnerand a
second specific binding partner, either specific binding partner can be immobilized on a solid
support. For example in some aspects, the first specific binding pariner can be tmmobilized on
the solid support. In other aspects, when more than two specific binding partners are used in the
method (e.g., a first specific binding partner, a second specific binding partner, a third specific
binding partner, a fourth specific binding pariner, any or all of the binding members can be

immobilized on solid support).
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19326  1n some aspects, the method further comprises a third specific binding partner, such as
a second capture reagent (e.g., second, third or fourth recombinant antigen) or a second, third, or
fourth detection reagent {e.g., recombinant antigen and/or antibody). 1n some aspects, the
method further comprises (i} at least one first specific binding partner comprising at least one
isolated polypeptide from a C<terminal domain of a nucleocapsid protein from a P-coronavirus
{such as SARS-CoV or SARS-CoV-2} wherein said first specific binding partner specifically
binds to (a) an Ig( antibody; (b) an IgM antibody; or (&) both an 1gG and IgM antibody; and (31}
at least one second specific binding pariner comprising isolated polypeptide from a receptor
binding domain {RBD) of a spike protein from a B-coronavirus (such as SARS-CoV or SARS-
CoV-2), wherein said second specific binding partner specifically binds to (a) an 1gG antibody;
and (b} an 1M antibody; or (b} both an Ig(G and fgM antibady. For example, in one aspect, the
method involves (1) at least one first specific binding partner comprising at least one isolated
polypeptide from a C-terninal domain of a nucleocapsid protein from SARS-CoV-2 {e.g., SEQ
1D NO: 1), wherein said first specific binding partner specifically binds to an 1gG antibody; (1) at
least one second specific binding partner comprising an isolated polypeptide from a receptor
binding dovoamn (RBD) of a spike protein from SARS-CoV-2 {e.g., amino acids 31910 542 of
SEQ ID NG 15 or SEQ ID NO:17), wherein said second specific binding partner specifically
binds to an fgM antibody; and (1) at least one third specific binding partner comprising a
detectable label. In some aspects, the at least one first specific binding partner and the at least
one second specific binding partner may be immobilized on the same solid support. In other
aspects, the at least one first specific binding partner and the at least one second specific binding
partner may be immobilized on different solid supports. In other aspects, when the at least one
first specific binding partner and at least one second specific binding partner are immobilized on
the same solid support, the amount or ratio of at least one first specific binding pariner and at
ieast one second specific binding partner can be optimized using rowutine technigues known in the
art to achieve the desired sensitivity and specificity for the [g(s, IgM and/or IgG and IgM
antibodies to be detected or determiuned (e.g., amount or concentration determined).

18327} ln vet another aspect, the method involves (i} at least one first specific binding partner
comprising at least one isolated polypeptide from a C-terminal domain of a nucleocapsid protein
from SARS-CoV-2 {e.g., SEQ ID NO:1), wherein said first specific binding partner specifically

binds to an 1gG antibody; (i) at least one second specific binding partner comprising an isolated
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polypeptide from a receptor binding domain (RBD) of a spike protein from SARS-CoV-2 {e g,
amino acids 319 to 542 of SEQ ID NO1S or SEQ 1D NO:17), wherein said second specific
binding partner specifically binds to an IgM antibody; (1i1) at {east one third specific binding
partner comprising a detectable label; and (iv) at least one fourth specific binding partner
comprising a detectable label. In some aspects, the at least one first specific binding pariner and
the at least one second specific binding partner may be immobilized on the same solid support.
18328]  In other aspects, the at least one first specific binding pariner and the at least one
second specific binding partner may be immobilized on different solid supports. In other
aspects, when the at least one first specific binding pariner and at least one second specific
binding partner are immobilized on the same solid support, the amount or ratio of at least one
first specific binding partner and at least one second specific binding partner can be optimized
using routine technigues known i the art to achieve the desired sensitivity and specificity for the
1gG, IgM and/or 1gG and IgM antibodies to be detected or deternuned {e.g., amount or
concentration deternuned). In some aspects, the detectable label used for the third specific
binding partner and the fourth specific binding partuer can be the same label or can be a different
iabel

{83281  In some ernbodiments, the biological sarople 1s diluted or undiluted either prior to or
during the performance of the method. In some aspects, the dilution occurs prior to performing
the methods. In other aspects, the dilution oceurs during the performance of the method. In one
aspect, the sample can be from about 1 to about 25 mucroliters, about T to about 24 microliters,
about 1 to about 23 microliters, about 1 to about 22 microliters, about 1 to about 21 microliters,
about 1 to about 20 microliters, about 1 to about 18 mucroliters, about 1 to about 17 mucroliters,
about 1 to about 16 microliters, about 15 microliters or about 1 microhier, about 2 microliters,
about 3 microliters, about 4 microliters, about 5 microliters, about 6 microliters, about 7
microliters, about 8 microliters, about 9 microliters, about 10 mucroliters, about 11 mucroliters,
about 12 microliters, about 13 mucroliters, about 14 mucroliters, about 15 mucroliters, about 16
microliters, about 17 microliters, about 18 microliters, about 19 microliters, about 20 microliters,
about 21 microliters, about 22 microliters, about 23 microliters, about 24 microliters or about 25
microliters. In some embodiments, the sample s from about 1 to about 150 microliters or less or
from about T to about 25 microliters or less. Alternatively, in another aspect, the bislogical

sample can be diluted about 1-fold, about 2-fold, about 3-fold, about 4-fold, about 5-fold, about
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6-fold, about 10-fold, about 11-fold, about 12-fold, about 13-fold, about 15-fold, about 16-fold,
about 17-fold, about 1&-fold, about 19-fold, about 20-fold, about 21-fold, about 22-fold, about
23-fold, about 24-foid, about 25-fold, about 26-foid, about 27-fold, about 28-fold, about 29-fold,
about 30-fold, about 31-fold, about 32-fold, about 33-fold, about 34-fold, about 35-fold, about
36-fold, about 37-fold, about 38-fold, about 39-foid, about 40-fold, about 41-fold, about 42-fold,
about 43-fold, about 44-fold, about 45-fold, about 46-fold, about 47-fold, about 48-fold, about
49-fold, about 50-fold, about 100-fold, or greater prior to use (either before performing the
method or during the performance of the method).

In some aspects, the methods described herein can be performed without dilution and the ULMI
can be from about 15,500 to about 40,000 AU/mL and/or the EMI can be from about 40,000 o
about 80,000 AU/mL. In vet other aspects, the methods can be performed without dilution and
the ULMI can be from about 15,500 to about 25,000 AU/mL and/or the EMI can be from about
25,000 to about 50,000 AU/mL (See, FIG. 13). In still further aspects, the methods described
herein can be performed without dilution and the ULMI can be from about 7.1 to about 5680
BAU/mL. In other words, the methods herein can be emploved to detect SARS-CoV-2 IgG at
fower levels (e.g., from about 7.1 to about 5680 BAU/mL) without a need for further dilution.
{8338  EMI and ULMI optionally can be assessed, e.g., on an Abbott ARCHITECT®
automated analyzer.

{83311 Other methods of detection include the use of or can be adapted for use on a nanopore
device or nanowell device, e.g., for single molecule detection. Exarnples of nanopore devices
are described in PCT International Application W 2016/161402, which is hereby incorporated
by reference in 1is entirety. Examples of nanowell device are described in PCT International
Application WO 2016/161400, which 1s hereby incorporated by reference in 1is entirety. Other
devices and methods appropriate for single molecule detection also can be employed.

{83321 The nature of methods described herein 13 not critical and the test can be any assay
known in the art such as, for example, immunoassays, point-of~care assays, climcal chemistry
assay, protein immunoprecipitation, immunoelectrophoresis, chemical analysis, SDS-PAGE and
Western blot analysis, or protein immunostaining, electrophoresis analysis, a protein assay, a
competitive binding assay, a lateral flow assay, a functional protein assay, or chromatography or
spectrometry methods, such as high-performance liquid chromatography (HPLC) or hiquid

chromatography—mass spectrometry (LC/MS). Also, the assay can be employed in a clinical
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chemistry format such as would be known by one of ordinary skill in the art. Such assays are
described in further detail herein 1 Sections 9-14. It is known in the art that the values (e.g.,
reference levels, cutoffs, thresholds, specificities, sensitivitigs, concentrations of calibrators
and/or controls etc.) used in an assay that employs specific sample type {e.g., such as an
immunoassay that utilizes serum or a pomni-of-care device {that uses a pomt-of-care assay {e.g.,
which may be an immunoassay)} that employs whole blood} can be extrapolated to other assay
formats using known techniques in the art, such as assay standardization. For example, one way
m which assay standardization can be performed is by applying a factor to the calibrator
employed in the assay to make the sample concentration read higher or lower to get a slope that
aligns with the comparator method. Other methods of standardizing results obtained on one
assay to ancther assay are well known and have been described in the literature (See, for
example, David Wild, Immuncassay Handbook, 4™ edition, chapter 3.5, pages 315-322, the

contents of which are herein incorporated by reference).

SARS-ColV-2 Variants

{83331 Tt 13 known and expected that mutations are present or will occur within proteins such
as the nucleocapsid and spike proteins of SARS-CoV-2. As described herein, these variants can
be used in the methods, improved methods, kits and systems for detection of SARS-CoV-2. The
methods, improved methods, kits and systems described herein also are used for detecting the
presence of or determining an amount of anti-SARS-CoV-2 antibodies directed against erther
variant micleocapsid or variant spike proteins { e.g., for detecting the presence of or determimng
an amount of anti-SARS-CoV-2 1gG anitbody, anti-SARS-CoV-2 1gG antiboedy, or anti-SARS-
CoV-2 1g( neutralizing antibody, where the antibody specifically binds to a vanant nucleccapsid
or variant spike protein). An example of a vanant SARS-CoV-2 spike protein includes those
described as occurring in a distinet phylogenetic cluster named lineage B.1.1.7, which includes a
variant of the RBD of spike protein that comprises one or more amino actd substitutions
mcluding an amino actd substitution replacing asparagine with tyrosine at position 501 within
amino acids 319 to 542 of SEQ 1D NO:15 {(also known as N301Y, and, as set out out in SEQ ID
NQO:25) {e.g., reported by Rambaut et al., Dec. 2020, https://virological org/t/preliminary-
genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-

of-spike~-mutations/563}. Uther examples of variant SARS-CoV-2 spike proteins include those
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described as occurring in a phylogenetic lingage named 501Y V2, which includes N501Y as well
as other mutations, namely, one or more amino substitutions and/or deletions within amino acids
319 to 542 of SEQ 1D NC:15 including replacing lysine with asparagine at amino acid position
417 (K417N); replacing lysine with threonine at amino acid position 417 (K41771); replacing
ieucine with arginine at amino acid position 452 (L452ZR); replacing serine with asparagine at
amino acid position 477 (5477N); replacing glutamic acid with lysine at amino acid position 484
(E484K}; or any combinations thereof and as set out in SEQ 1D NG:25 (e g, reported by Tegally

et al. Dec. 22, 2200, medRoav preprint doi: ity

Rambaut et al. also describe variant SARS-CoV-2 nucleocapsid proteins, including a variant of
the nucleocapsid protein that comprises an amino acid substitution replacing serine with
phenvlalanine at position 235 within amino acids 210 to 419 of SEQ 1D NG:2 (also known as
S235F). Additionally, other substitutions and/or deletions in one or more positions of amino
acids 210-419 of SEQ 1D NO:2 include one or more of replacing methionine with isoleucine at
amino acid position 234 (M2341); replacing lysine with asparagine at amino acid position 373
{K373N); replacing aspartic acid with tyrosine at amino acid posttion 377 (D377Y); replacing
alanine with threonine at amino acid position 376 (A376T) or any cornbinations thereof,

{8334}  Thus, provided herein are methods wherein the anti-SARS-CoV-2 antibody detected
or determined specifically binds to: a} a variant of the nucleocapsid proten that comprises one or
more substitutions and/or deletions in one or more positions of amno acids 210-419 of SEQ ID
NO:2 such as (1} replacing serine with phenylalanine at amino acid position 235 (8235F); (23
replacing methionine with isoleucine at amino acid position 234 (M2341); (3) replacing lysine
with asparagine at amino acid position 373 (K373N); (4) replacing aspartic acid with tyrosine at

77
I

amino acid position 377 {D377Y); (5) replacing alanine with threonme at amino acid position
376 (A376T); or {6) any combinations of {1}-(3), either alone or combined with any other
substitutions and/or deletions in amino acids 210 to 419 of SEQ ID N2 other than those recited
m of (13-(5); or SEQ 1D NOG:24; b) a varant of the RBD of a spike protein that comprises one or
more substitetions and/or deletions in one or more positions of amino acids 319-542 of SEQ ID
N(G:15: (1) replacing lysine with asparagine at amino acid position 417 (K417N); (2) replacing
fysine with threonine at amino acid position 417 (K4177T); (3) replacing leucine with arginine at
amino acid position 452 (L452R); (4) replacing serine with asparagine at amino acid position

477 (8477Ny; (5) replacing ghitamic acid with lysine at amino acid position 484 (E484K); (6}
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replacing asparagine with tyrosing at amino acid position 501 (N501Y); or (7} any combinations
of (13-(6}, either alone or combined with any other substitutions and/or deletions in amino acids
319-542 of SEQ ID NO:15 other than those recited in (13-(6}; or SEQ I NO:25; or ¢} a variant a
variant of the nucleocapsid protein that comprises one or more substitutions and/or deletions in
one or more positions of amino acids 210-419 of SEQ 1D NG:2 such as (1} replacing serine with
phenylalanine at amino acid position 235 (8235F}; (2) replacing methionine with isoleucine at
aming acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position 373
{K373N); {4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)
replacing alanine with threonine at amino acid position 376 (A376T); or (6} any combinations of
{1)-(5), erther alone or combined with any other substitutions and/or deletions in amino acids 210
to 419 of SEQ ID NO:2 other than those recited in of {1)-(5); or SEQ 1D NO:24; and a variant of
the RBD of a spike protein that comprises one or more substitutions and/or deletions in one or
more positions of amino acids 319-342 of SEQ 1D NO:1S: (1) replacing lysine with asparagine at
posttions 417 (K417N); (2) replacing lysine with threonine at position 417 (K417T}; (3)
replacing leucine with arginine at position 452 (LAS2R); (4) replacing serine with asparagine at
position 477 (S477N); (5) replacing glutamic acid with lysine at position 484 (E484K); (6)
replacing asparagine with tyrosine at position 501 (N501Y); or {7) any combinations of (1)-(6},
either alone or combined with any other substitutions and/or deletions in amino acids 319-542 of
SEQ ID NG 15 other thau those recited w (1)-(6); or SEQ 1D NO:25.

18335]  Provided herein also are kits wherein the anti-B-coronavirus antibody detected or
determined using the kits is an anti-SARS-CoV-2 antibody that specifically binds to: a} a vanant
of the nucleccapsid protein that comprises one or more substitutions and/or deletions 1 one or
more positions of amino acids 210-419 of SEQ 1D NO:Z such as (1) replacing serine with
phenylalanine at amino acid position 235 (S235F); (2) replacing methionime with 1soleucine at
amino acid position 234 {M2341}; (3) replacing lysine with asparagine at amino acid position 373
(K373N); (4} replacing aspartic acid with tyrosine at ammo acid position 377 (D377Y); {5)
replacing alanine with threonine at anuno acid position 376 (A3767T); or {6) any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited in of (13-(5); or SEQ 1D NQO:24; b) a variant of
the RBD of a spike protein that comprises one or more substitutions and/or deletions in one or

more positions of aming acids 319-542 of SEQ 1D NO:15: (1) replacing lysine with asparagine at
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amino acid position 417 (K417N}; (2} replacing lysine with threonine at amine acid position 417
{K4177T); (3) replacing leucine with arginine at amino acid position 452 (L452R); (4) replacing
serine with asparagine at aming acid position 477 (S477N}; (5) replacing glutamic acid with
fysine at amino acid position 484 {(E484K); (6} replacing asparagine with tyrosine at amino acid
position 501 (N501Y); or {7) any combinations of (1}-(6), either alone or combined with any
other substitutions and/or deletions in amino acids 319-542 of SEQ 1D NO: 15 other than those
recited in (13-(6); or SEQ 1D NG:ZS; or ¢} a variant a variant of the nucleocapsid protein that
comprises one of more substitutions and/or deletions in one or more positions of amino acids
210-419 of SEGQ ID NO:2 such as (1) replacing serine with phenylalanine at amino acid position
238 (S23SFY; (2) replacing methionine with isoleucine at amino acid position 234 (M2341); (3)
replacing lvsine with asparagine at amino acid position 373 (K373N}; {(4) replacing aspariic acid
with tyrosine at aming actd position 377 (D377Y); (5) replacing alanine with threonine at anuno
acid position 376 (A376T); or (6) any combinations of (1}-(5), either alone or combined with any
other substitutions and/or deletions in amino acids 210-419 of SEQ 1D NQO:2 other than those
recited in of (1)}-(5); or SEQ ID NO:24; and a variant of the RBD of a spike protein that
comprises one of more substitutions and/or deletions i one or more positions of anuno acids
319-542 of SEQ ID NO:1S: (1) replacing lysine with asparagine at positions 417 (K417N); (2}
replacing lysine with threonine at position 417 (K417T); (3) replacing leucine with arginine at
posttion 452 (L452R); {4) replacing serine with asparagine at position 477 {S477N}; (5)
replacing ghutamic acid with lysine at position 484 (H484K); (6) replacing asparagine with
tyrosine at postiion 501 (NS01YY,; or {7} any combinations of {1}-(6}, either alone or combined
with any other substitutions and/or deletions i aming acids 319-542 of SEQ 1D NO: 15 other
than those recited in (13-(6}; or SEQ ID NG:25.

{83361  Further provided herein are systems where the anti-B-coronavirus antibody detected by
such systems 15 an anti-SARS-CoV-2 antibody that specifically binds to: a) a varnant of the
nucleocapsid protem that comprises one or more substitutions and/or deletions in one or more
postitons of amino acids 210-419 of SEQ 1D NO:2 such as (1) replacing serine with
phenylalanine at amino acid position 235 (8235F); (2) replacing methionine with 1soleucine at
amino acid position 234 (M2341}; (3) replacing lysine with asparagine at amino acid position 373
{(K373N}; (4) replacing aspartic acid with tyrosine at anuno acid position 377 (B377Y}; (5)

replacing alanine with threonine at amino acid position 376 {A3767T); or {6} any combinations of
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{13-(5}, either alone or combined with any other substitutions and/or deletions 1n amino acids 210
to 419 of SEQ ID NG:2 other than those recited in of (13-(5}); or SEQ 1D NO:24; b) a varant of
the RBD of a spike protein that comprises one or more substitutions and/or deletions in one or
more positions of aming acids 319-542 of SEQ 1D NO:15: (1) replacing lysine with asparagine at
amino acid position 417 (K417N); (2} replacing lysine with threonine at aming acid position 417
{K4177Ty; (3) replacing leucine with arginine at amino acid position 452 (1.452R); (4) replacing
serine with asparagine at amino acid position 477 (8477N); (5) replacing glutamic acid with
lysine at anuno acid position 484 (E484K); (6) replacing asparagine with tyrosine at aminoe acid
position 301 (N501Y); or {7) anv combinations of (1}-(6), etther alone or combined with any
other substitutions and/or deletions in amino acids 319-342 of SEQ ID N(O:15 other than those
recited in (1}-(6); or SEQ 1D NO:2S; or ¢} a vaniant a variant of the nucleocapsid protem that
comprises one or more substitutions and/or deletions in one or more positions of amino acids
210-419 of SEQ 1D NO:2 such as (1) replacing serine with phenylalanine at amino acid position
235 (S235F%; () replacing methionine with isoleucine at amino acid position 234 (M2341); (3}
replacing lysine with asparagine at amino acid position 373 (K373N); (4) replacing aspartic acid
with tyrosine at amino acid position 377 (D377Y); (5) replacing alanine with threonine at amino
acid position 376 (A376T); or (6) any combmations of {(1}-(5), etther alove or combined with any
other substitutions and/or deletions in amine acids 210 to 419 of SEQ ID NG: 2 other than those
recited in of (1}3-(5); or SEQ 1D NO:24; and a vanant of the RBD of a spike protein that
comprises one of more substifutions and/or deletions m one or more positions of amine acids
319-542 of SEQ 1D NO:15: (1) replacing lysine with asparagine at positions 417 (K417Ny, (2}
replacing lysine with threonine at position 417 (K417T), (3} replacing leucine with arginine at
posttion 452 (L452ZR); {4) replacing serine with asparagine at position 477 {S477N}; (5)
replacing ghutamic acid with lysine at position 484 (H484K); (6} replacing asparagine with
tyrosine at posttion 501 (NSO1YY; or (7) any combinations of (1)-(6), either alone or combined
with any other substitutions and/or deletions m amine acids 319-542 of SEQ 1D NG: 15 other
than those recited n (13-(6}; or SEQ 1D NG:25.

193371 Also in the improved methods described herein, the anti-B-coronavirus antibody
detected is an anti-SARS-CoV-2 antibody that specifically binds t¢. a a) a variant of the
nucleocapsid protein that comprises one or more substitutions and/or deletions i one or more

positions of amino acids 210-419 of SEQ 1D NO:2 such as (1) replacing serine with
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phenylalanine at amino acid position 235 (8235F); (2) replacing methionine with 1soleucine at
amino acid position 234 (M2341}; (3) replacing lysine with asparagine at amino acid position 373
(K373N}; (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y}; (5)
replacing alanine with threonine at amino acid position 376 {A3767T); or {6} any combinations of
{13-(5}, either alone or combined with any other substitutions and/or deletions in amino acids 210
t0 419 of SEQ 1D NG:2 other than those recited in of (13-(5}; or SEQ 1D NG:24; b) a variant of
the RBD of a spike protein that comprises one or more substitutions and/or deletions in one or
more positions of amino acids 319-542 of SEQ D NO:15: (1) replacing lysine with asparagine at
amino acid position 417 (K417N); (2) replacing lysine with threonine at aming acid position 417
{K417TY; (3) replacing leucine with arginine at amino acid position 452 (L432R); {4) replacing
serine with asparagine at amino acid position 477 {S477N}y; (5) replacing glutamic acid with
lysine at amino acid position 484 (E484K); (6) replacing asparagine with tyrosine at amine acid
position 301 (N3OTY); or (7) any combinations of (1}-(6), etther alone or combined with any
other substitutions and/or deletions in amino acids 319-542 of SEQ 1D NO:15 other than those
recited i (1-(6); or SEQ 1D NG:ZS; or ¢) a vanant a vatiant of the nucleocapsid protein that
comprises one or more substitutions and/or deletions in one or more postiions of arino acids
210-419 of SEQ ID NO:2 such as (1) replacing serine with phenylalanine at amino aciud position
235 (S235FY; (2) replacing methionine with soleucine at amino acid position 234 (M2341}; (3)
replacing lysine with asparagine at aroino acid position 373 (K373N); {(4) replacing aspartic acid
with tyrosine at ammno acid position 377 (D377Y}, {5) replacing alanine with threonine at amino
acid position 376 {A376T}; or (6) any combinations of {1)}-(5), either alone or combined with any
other substitutions and/or deletions n amino acids 210 t0 419 of SEQ 1D NG: 2 other than those
reciied in of {(1)-(5); or SEQ ID N{»24; and a variant of the RBD of a spike protein that
comprises one of more substititions and/or defetions n one or more positions of amino acids
319-5342 of SEQ 1D NO:15: (1) replacing lysine with asparagine at positions 417 (K417N}), (2}
replacing lysine with threonine at position 417 (K417T); (3} replacing leucine with arginine at
position 452 (L4S2RY; {4) replacing sering with asparagine at position 477 {(S477N); (5}
replacing glutamic acid with lysine at position 484 (H484K); (6) replacing asparagine with
tyrosine at position 501 (NSC1Y}, or (7} any combinations of {1)-(6), either alone or combined
with any other substitutions and/or deletions in aming acids 319-542 of SEQ D NO:15 other

than those recited in (1}-(6}; or SEQ ID NG:25.
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3. Predicting QGuicome In Subjects that are or have been Infected with a B-

Coronavirus {such as SARS-CoV or SARS-CoV-2}

{8338]  In another aspect, the present disclosure relates to methods of predicting the outcoms
i a subject that is or was infected with a B-coronavirus, such as SARS-CoV or SARS-CoV-2.
Specifically, in some aspects, the present disclosure relates to methods of predicting the outcome
in a subgect ideniified according to the methods described above in Section 2 as having a p-
coronavirus {e.g., B-coronavirus antigen).

18339} 1n some aspects, the method involves predicting the outcome in a subject that 1S or was
mfected with SARS-CoV-2. In this aspect, the method involves determining, within about the
first ten days after the onset of one or more symptoms of SARS-CoV-2 {symptoms of SARS-
CoV-2, include one or more of fever or chills, cough, shortness of breath or difficulty breathing,
fatigue, muscle or body aches, headache, new loss of taste or smell, sore throat, congestion or
runity nose, nausea or vonuting, and/or diarrhea), whether a subject has seroconverted to anti-
SARS-CoV-2Z Ip(G antibodies before, after, or at the same time as seroconversion to anti-SARS-
CoV-2 IgM antibodies. 1n some aspects, the subjects have been hosputalized for symptoms of
SARS-CoV-2.

{0348]  Specifically, subjects found to seroconvert to anti-SARS-CoV-2Z 1o antibodies before
or prior to seroconversion to anti-SARS-CoV-2 IgM antibodies within about the first ten days
after the onset of one or more symptoms of SARS-CoV-2 were found more likely than not to
have an unfavorable outcome (e.g., death, etc.}). Subjects in found to seroconvert to anti-SARS-
CoV-2 1gM antibodies before or prior to seroconversion to anti-SARS-CoV-2 1gG antibodies or
seroconverted at the same time to anti-SARS-CoV-2 1gG and auti-SARS-CoV-2 IgM antibodies
were found to have a favorable cutcome. Such favorable outcorne 1ncludes surviving mfection
with SARS-CoV-2. The methods used to detect anti-SARS-CoV Ig(s and anti-SARS-CoV IgM
antibodies for predicting the (favorable or unfavorable} outcome of a subject are not critical and
can be any method known m the art, mcluding those described above 1 Section 2.

18348]  In one aspect, the method involves obtaining one or more biological samples and
detecting the presence of an anii-SARS-CoV-2 IgG antibody and an anti-SARS-CoV-2 IgM
anttbody within about the first ten days {e.g., about ten, about eleven, about twelve, about 13 or

about 14 days} after onset of one or more symptoms of SARS-CoV-2. The anti-SARS-CoV-2
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1pG antibody and the anti-SARS-CoV-2 IgM antibody can be detected in the same biological
sample or in different biological samples, simultaneously or sequentially, on the same day or on
different days after the onset of one or more sympioms of SARS-CoV-2 (& g, such as one day
after the onset of symptoms, two days after the onset of one or more symptoms, three days after
the onset of one or more symptoms, four days after the onset of one or more symptoms, five days
after the onset of one or more symptoms, six days after the onset of one or more symptoms,
seven days after the onset of one or more symptoms, eight days after the onset of one or more
symptoms, nine days after the onset of one or more sympioms, and/or ten days after the onset of
one or more symptoms}). Additionally, multiple samples can be obtained from the subject withun
about the first ten days after onset of one or more symptoms {(e.g., such as on day one after the
onset of one or more symptoms, day three after the onset of one or more sympteoms, and day six
after the onset of one or more symptoms, ec.).

18342}  Regardless of when a biclogical sample is obtained within about the first ten days
{e.g., about ten, about eleven, about twelve, about 13 or about 14 days) after onset of one or more
symptoms of SARS-CoV-2, once anti-SARS-CoV-2 1g( antibody and/or anti-SARS-CoV-2 Igh
antibody s detected, a determination i1s made which of the anti-SARS-CoV-2 1g( or anti-SARS-
CoV-2 IgM antibodies appeared first in the subject. I 1t 18 determined that anti-SARS-COV-2
IgG antibody appeared first in the subject prior to the appearance of anti-SARS-COV-2 IgM
anttbody, then 1t 1s predicted that the subject 1s more hikely to have an unfavorable outcome {e.g.,
death). I it is determuned that anti-SARS-COV-2 1gG antibody appeared first in the subject at
the same time or after the appearance of anti-SARS-CoV-2 IgM antibody, then it 1s predicted
that the subject 13 more likely to have a favorable outcome {e.g., survive the SARS-CoV-2
mfection). By way of example, if no anti-SARS-CoV-2 Ig(G or IgM antibodies are detected m a
biological sample obtained from a subject on day one after onset of one or more symptoms
SARS-CoV-2 (e.g., such as using the methods described above in Section 2}, but anti-SARS-
CoV-2 1gM antibodies and no SARS-CoV-2 1e(G antibodies are detected n subsequent biological
sample obtained from the same subject on day four after the onset of one or more symptoms of
SARS-CoV-2, then it would be predicted that the subject would more likely than not have a
favorable outcome {e.g., survive} from the SARS-CoV-2Z. By way of another example, if no anti-
SARS-CoV-2 Ig(y or IgM antibodies are detected 1n a biological sample obtained from a subject

on day one after onset of one or more symptoms SARS-CoV-2 {e.g., such as using the methods
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described above in Section 2}, no anti-SARS-CoV-2 IgG or IgM antibodies are detected in a
biological sample obtained from a subject on day three after onset of one or more symptoms
SARS-CoV-Z but anti-SARS-CoV-2 IgM aniibodies and SARS-CoV-2 IgG antibodies are
detected in subsequent biological sample obtained from the same subject on day six after the
onset of one or more symptoms of SARS-CoV-2Z, then it would be predicted that the subject
wotld more likely than not have a favorable ouicome {e.g., survive) from the SARS-CoV-2. By
way of yet another example, if no anti-SARS-CoV-2 IgG or IgM antibodies are detected ma
biological sample obtained from a subject on day three after onset of one or more symptoms
SARS-CoV-Z {e.g., such as using the methods described above in Section 2}, but anti-SARS-
CoV-2 1 antibodies and no SARS-CoV-2 1gM antibodies are detected in subsequent biological
sample obtained from the same subject on day eight after the onset of one or more symptoms of
SARS-CoV-2, it would be predicted that the subject would more likely than not have an
unfavorable outcome (e.g., death) from the SARS-CoV-2.

{8343}  In another aspect, the present disclosure relates to a method of predicting outcome ina
subject mfected with or suspected of having been infected with SARS-CoV-2 by determining the
signal-to~cutott (S/CO) ratio of at least one anti-SARS-CoV-2 TgM antibody in at least one
biological sample obtained from the subject at least ten days {e.g., about ten, about eleven, about
twelve, about 13 or about 14 days) after onset of sympioms of SARS-CoV-2. The method used
to determine the signal-to-cutoff ratio in the method described herein 1s not critical and can
mchude the methods described above i Section 2. The biological sample obtamed from the
subject can be obtained at least ten days after the onset of symptoms of SARS-CoV-2, at least
about 11 days after the onset of symptoms of SARS-CoV-2, about 12 days after the onset of
symptoms of SARS-CoV-2, about 13 days after the onset of symptoms of SARS-CoV-2, about
14 days after the onset of symptoms of SARS-CoV-2, about 15 days after the onset of symptoms
of SARS-CoV-2, about 16 days after the onset of symptoms of SARS-CoV-2, about 17 days
after the onset of symptoms of SARS-CoV-2, about 18 days after the onset of symptoms of
SARS-CoV-2, about 19 days after the onset of symptoms of SARS-CoV-2, about 20 days after
the onset of symptoms of SARS-CoV-2, about 21 days after the onset of symptoms of SARS-
CoV-2, about 22 days after the onset of symptoms of SARS-CoV-2, about 23 days after the onset
of symptoms of SARS-CoV-2, about 24 days after the onset of symptoms of SARS-CoV-2,

about 25 days after the onset of symptoms of SARS-CoV-2, about 26 days after the onset of
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symptoms of SARS-CoV-2, about 27 days after the onset of symptoms of SARS-CoV-2, about
2& days after the onset of symptoms of SARS-CoV-2, about 29 days after the onset of symptoms
of SARS-CoV-2 and/or about 30 days after the onset of symptoms of SARS-CoV-2,

{8344  In this aspect, the method mvolves obtaining a 8/CO ratio of at least one anti-SARS-
CoV-2 IgM antibody. If the S/CO ratio of the anti-SARS-IgM antibody is determined to be
equal to or greater than about 10 8/CQ, it would be predicted that the subject would more likely

g., death, etc.} from the SARS-CoV-2. Insome

=

than not have an unfavorable ocutcome (e,
aspecis, if the S/CO ratio 1s determined to be between about 10 8/CG to about 15 §/CO, it would
be predicted that the subject would more likely than not have an unfavorable cutcome (e g,
death, etc.).

4, Predicting Whether Subjects Suffering from a -Coronavirus (such as SARS-CoV

or SARS-CoV-2) Infection are at Risk of Experiencing a Cytoking Storm and/or Acute
Respiratory Distress Syndrome {ARDS)

18345} ln another aspect, the present disclosure relates to methods of predicting whether a
subject who has been infected with a B-coronavirus, such as SARS-CoV or SARS-CoV-2, 15 at
risk of experiencing or developing at least one of a cytokine storm, acute respiratory distress
syndrome { ARDS) or both a cytokine storm and acute respiratory distress syndrome.
Specifically, in some aspects, the present disclosure relates to methods of predicting whether a
subject that has been infected with a P-coronavirus (such as SARS-CoV or SARS-CoV-2) will or
will not develop or experience at least one of a cytokine storm, ARDS or a combination of a
cytokine storm and ARDS by detecting the presence or amount of at least one anti-P-coronavirus
anttbody (such as an anti-SARS-CoV or anti-SARS-CoV-2 antihody) using the methods
described n Section 2,

{8346} Many subjects diagoosed with SARS-CoV-2 recover: (1) withun about 7 days after the
onset of symptoms and after expeniencing mild to ruoderate disease (e.g., mild upper respiratory
disease); or {2) within about 14 days afier the onset of symptoms and after experiencing
focalized pneumonia and dissemmated inflammation. It has been found that biclogical samples
obtained from these subjects contain detectable levels (e g, meaning the presence of) or amounts
of anti-SARS-CoV-2 antibodies, such as anti-SARS-CoV-2 IgM antibodies, anti-SARS-CoV-2
I antibodies or anti-SARS-CoV-2 IgM antibodies and anti-SARS-CoV-2 1gG antibodies
within about the first 14 days after the onset of symptoms {e.g., within about 1 day after the onset

of sympioms, about 2 days after the onset of symptoms, about 3 days after the onset of
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symptoms, about 4 days after the onset of symptoms, about 5 days after the onset of symptoms,
about 6 days after the onset of symptoms, about 7 days after the onset of symptoms, about 8 days
after the onset of symptoms, about 9 days afier the onset of symptoms, about 10 days after the
onset of symptoms, about 11 days after the onset of symptoms, about 12 days after the onset of
symptoms, about 13 days after the onset of symptoms or about 14 days after the onset of
symptoms). ln contrast, it has been found that biclogical samples obtained from subjects that
experience at least one of a cytokine storm, ARDS, or a combimation of a cytokine storm or
ARDS do not contain any detectable levels {e.g., lack the presence of) or amounis of anti-SARS-
CoV-2 antibodies, such anti-SARS-CoV-2 IgM antibodies, anti-SARS-CoV-2 oG antibodies or
anti-SARS-CoV-2 IgM antibodies and anti-SARS-CoV-2 1gG antibodies within about 14 days
days {e.g., about 14 days, about 15 days, about 16 days, about 17 days, about 18 days, about 19
days, about 20 days, about 21 days, about 22 days, about 23 days, about 24 days, about 25 days,
about 26 days, about 27 days, about 28 days, about 29 days, about 30 days, about 31 days, about
32 days, about 33 days, about 34 days, about 35 days, etc.} after the onset of symptoms.

{83471 In some aspects, the methods of the present disclosure involve predicting whether a
subiect that has been nfected with a B~coronavitus (such as SARS-CoV or SARS-CoV-2) 15
more hikely than not at risk of experiencing or developing at least one of a cytokine storm, ARDS
or a combination of a cytokine storm and ARDS by detecting the presence or amount of at Teast
one anti-B-coronavirus antibody (such as an anti-SARS-CoV or anti-SARS-CoV-2 antibody).
Specifically, the method involves obtaining at 1east one biclogical sample from a subject
diagnosed with a B-coronavirus {such as SARS-CoV or SARS-CoV-2} within a critical time of
between about 14 days to about 35 days after the onset of systems and detecting the presence or
amount of at least one anti-B-coronavirus antibody (such as, at least one anti-SARS-CoV or anti-
SARS-CoV-2 antibody, for example, an anti-SARS-CoV-2 IgM antibody, an anti-SARS-CoV-2
Igs antibody) or a combination of an anti-SARS-COV-2Z IgM antibody and an anti-SARS-CoV-
2 Ig(s antthody) using the methods described m Section 2. In some aspects, the critical time 15
about 14 days after the onset of symptoms. In vet another aspect, the critical time 1s about 15
days after the onset of symptoms. In still vet another aspect, the critical time 15 about 16 days
after the onset of symptoms. In stifl a further aspect, the eritical time 15 about 17 days after the
onset of symptoms. In still a further aspect, the eritical time is about 18 days after the onset of

symptoms. In stifl a further aspect, the critical time 1s about 19 days after the onset of symptoms.
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in still a further aspect, the critical time is about 20 days after the onset of symptoms. In siill a
further aspect, the critical time is about 21 days after the onset of symptoms. In still a further
aspect, the critical time 15 about 22 days after the onset of symptoms. In still a further aspect, the
critical time is about 23 days after the onset of symptoms. In sitill a further aspect, the cnitical
time is about 24 days after the onset of symptoms. In still a further aspect, the critical time is
about 25 days after the onset of symptoms. In still a further aspect, the critical time is about 26
days after the onset of symptoms. In still a further aspect, the critical time 1s about 27 days after
the onset of symptoms. In still a further aspect, the critical tume 1s about 28 days after the onset
of symptoms. In still a further aspect, the critical time 13 about 29 days after the onset of
symptoms. In still a further aspect, the critical time i3 about 30 days after the onset of symptoms.
In still a further aspect, the critical time 1s about 31 days after the onset of symptoms. Insiill a
further aspect, the critical time is about 32 days after the onset of symptoms. In siill a further
aspect, the critical time is about 33 days after the onset of symptoms. In still a further aspect, the
critical time is about 34 days after the onset of symptoms. In still a further aspect, the critical
time 1s about 35 days after the onset of symptoms. It no anti-f-coronavirus antibodies (such as
any anti-SARS-CoV or anti-SARS-CoV-2 antibodies) are detected tn the biological sample at
any pomnt during the critical time {e.g., within about 14 days to about 35 days after the onset of
symptoms), then the subject more likely than not will develop or experience at least one of a
cytokine storm, ARDS, or a combination of cytokine storm and ARDS.  If the presence or an
amount at least one anti-B-coronavirus antibody (such as an anti-SARS-CoV or anti-SARS-CoV-
2 antibody} 1s detected i the biological sample at any pomt during the critical ime (e.g., within
about 14 days to about 35 days after the onset of symptoms}, then the subject more ikely than
not will not develop or expenience {e.g., fail {0 develop or experience) at least one of a cytoking
storm, ARDS, or a combination of a cytokine storm and ARDS. Subjects determmed o be at
risk of developing or experiencing at least one of a cytokine storm, ARDS or a combination of a
cytokine storm and ARDS, can be treated pursuant to the methods described in Section S.

5. Treatment and Monitoring of Subjects Identified as having a B-Coronavirus {such
as SARS-CoV or SARS-CoV-2) and/or a B-Coronavirus {(such as SARS-CoV or SARS-
CoV-2) Antibody or Predicted More Likely than not to have an Unfavorable Outcome as a
Result of Infection with a §-Coronavivus {(sach as SARS-CoV or SARS-CoV-2}

j8348F A subject identified according to the methods described above as having a -
coronavirus {(e.g., B-coronavirus antigen, such as a SARS-CoV aniigen or SARS-CoV-2 antigen)

138



WO 2021/211332 PCT/US2021/026149

and/or having at least one anti-B-coronavirus antibody {such as at least one anti-SARS-CoV
anttbody or anti-SARS-CoV-2 antibody) and/or having a certain amount, concentration and/or
ievel of at least one anti-B-coronavirus antibody (such as at least one anti-SARS-CoV antibody
of anti-SARS-CoV-2 anttbody) and/or predicted to have a favorable or unfaverable outcome may
be treated, monitored {e.g., anti-B-coronavirus 1gG and/or IgM antibody levels monitored in the
subgect), treated and monttored and/or monitored and treated using routine technigques known in
the art. In some aspects, the methods described herein further include treating the subject {(e.g.,
such as a human) identified as having at least one anti-B-coronavirus anttbody (such as at least
one anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody) and/or having a certain amount,
concentration and/or level of at least one anti-B-coronavirus antibody (such as at least one anti-
SARS-CoV antibody or anti-SARS-CoV-2 antibody) in one or more biological samples obtained
from the subject.

18349}  The treatment can take a variety of forms depending on whether or not the subject 1s
asymptomatic or experiencing mild, moderate or severe infection with a B-coronavirus, such as
SARS-CoV or SARS-CoV-2. For example, subjects experiencing mild mfection with SARS-
CoV-2, will experience a fever, cough {with or without sputum production)}, anorexia, malaise,
muscle pain, sore throat, dyspnea, nasal congestion, headache, diarrhea, nausea, and vonuting or
any combination thereof.  Subjects experiencing a moderate infection will experience a fever
greater than 100.4°F that lasts for several days, chills, shortness of breath, lethargy, or any
combination thereof. Such subjects may be suffering from pneumonia. Subjects experiencing
severe infection will experience trouble breathing, persistant pain or pressure in the chest,
confusion, inability to rouse, bluish lips or face, or any combmation thereof Such subjects may
be suffering from severe pneumonia.

{83881 If the subject 13 asymptomatic or has miid symptoms, the subject may be treated with
rest and sleep, by keeping warm, ingesting floids {e.g., remaining hydrated} minimizing social
mteraction with other subjects (e g., reman 1solated or quarantined, such as, for example, at
home}, or any combination thereof. Additionally, the subject can be monitored to see if
symptoms arise and/or worsen.

{8351 Subjects with moderate or severe symptoms of infection with a a B-coronavirus, such
as SARS-CoV or SARS-CoV-2, may be treated with one or more drugs, vaccings, convalescent

plasma therapy (e.g., recetving plasma from blood taken from a subject that has survived an
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mfection with a B-coronavirus, such as SARS-CoV or SARS-CoV-2), or respiratory support of
assistance {e.g., receiving supplemental oxygen through a nasal cannula, nasal progus, face
mask, or non-invasive or vasive {e.g. intubation) ventilation} or combinations thereof.
Examples of one or more drugs that can be used to treat a subject include, but are not Himited to,
remdesivir, hydroxychioroquine, chioroquine or combinations thereof. Subjects receiving any of
the aforementioned treatment can also further be monitored using routine technigues known in
the art.

{83521  In other aspects, a subject may be monitored prior to being treated for a B-coronavirus,
such as SARS-CoV or SARS-CoV-2. Such monitoring involves detecting, analyzing and/or
mterpreting changes in the subject’s anti-B-coronavirus 19G and/or IgM antibody levels over the
course of time. For example, depending on a subject’s §-coronavirus IgM aniibody level, a
subject may be monitored prior to receiving any treatment to gauge whether the subject’s
immune system 1s able to fight the virus on its own without any treatment intervention. Durning
the course of the monttoring, if the subject’s B-coronavirus (such as SARS-CoV or SARS-CoV-
2) 1eM antibody levels increase, treatment can be commenced. Likewise, during treatment, a
subiect’s f-coronavirus {such as SARS-CoV or SARS-CoV-2} 1gM and IgG levels can be
monstored. If during treatment the subject’s B-coronavirus (such as SARS-CoV or SARS-CoV-
2y IgM antibody levels remain high and B-coronavirus IgG levels remain low, the subject can be
continued to be treated for the B-coronavirus and continued to momtored untd such time that the
subject’s P-coronavirus {such as SARS-CoV or SARS-CoV-2} 1gM antibody levels have lowered

and B-coronavirus (such as SARS-CoV or SARS-CoV-2) Ig( levels increased.
6. Vaccinations

{83531  In another embodiment, the present disclosure relates to use of the methods described
above 1n Section 2 1 connection with at least one vaccinations and/or re-vaceinations {e.g.,
further vaccinations) of a subject against one or more B-coronaviruses {e.g., SARS-CoV or
SARS-CoV-2). In some aspects, the methods described in Section 2 are used to detect the
presence or determmne the amount of at least one anti-B-coronavirus antibody (e g, anti-SARS-
CoV antibodies or anti-SARS-CoV-2 antibodies) and/or at least one anti-B-coronavirus
neutralizing antibody (e.g., an anti-SARS-CoV neutralizing antibody or SARS-CoV-2
neutralizing antibody (e.g., an anti-SARS-CoV-2 1gG antibody that is an anti-nucteocapsid (N)

anttbody, an anti-spike antibody, or any combination thereof)} i at least one biological sample
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obtained from a subject to determine whether or not the subject should or can be administered at
ieast one vaccine {e.g., such as a first or initial vaccine, one or more further or additional
vaccings, eic.) against at least one B-coronavirus {e.g., SARS-CoV or SARS-CoV-2). For
example, in some aspects, the subject tested may: (1) be naive {meaning the subject does not
have any immunity or facks immuonologic immunity to a f-coronavirus {(e.g., SARS-CoV or
SARS-CoV-2}} and not previously vaccinated against a B-coronavirus (e.g., SARS-CoV or
SARS-CoV-2}; (2) be naive and previously vaccinated against a f-coronavirus {e.g., SARS-CoV
or SARS-CoV-2}; (3} be currently mfected with a B-coronavirus {(e.g., SARS-CoV or SARS-
CoV-2) and exhibiting no or mild symptoms and not previously vaccinated against a -
coronavirus {e.g., SARS-CoV or SARS-CoV-2); (4) be currently infected with a B-coronavirus
{e.2., SARS-CoV or SARS-CoV-2) and exhibiting no or mild symptoms and previously
vaccinated against a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2); (5) have been previously
mfected with a B-coronavirus (e.g., SARS-CoV or SARS-CoV-2}, recovered and not previously
vaccinated against a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2); or {6) have been
previously infected with a f~coronavirus {e.g., SARS-CoV or SARS-LCoV-2), recovered and
previously vacemated against a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2}. The above
method can be performed regardless of the variation m timing and/or severity of prior infection
with a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2}. Using the methods described in
Section 2, ift {1} at least one anti-B-coronavirus antibody {e g, anti-SARS-CoV antibody or
SARS-CoV-2 antibody} is detecied or an amount determned n the biological sample; or (23 an
amount of {a) at least one anti-B-coronavirus antibody (e.g., anti-SARS-CoV antibody or SARS-
CoV-2 antibody}; or (b} at least one anti-B-coronavirus neutralizing antibody {e.g., an anti-
SARS-CoV neutralizing antibody or anti-SARS-CoV-2 newtralizing antibody {e.g., anti-SARS-
CoV-2 1gG antibody that is an anti-nucleocapsid (N} antibody, an anti~spike antibody, or any
combination thereof}) sufficient to impart rmomonity 13 determined in the biological sample, the
subject may need to wait for a period of time {e.g., 30 days, 60 days, 90 days, etc.} to be
administered at least one vaccine {whether the vaccine to be administered 1s the first dose of the
vaccing, a second {(e.g., booster) dose of the vaccine, a third {e.g., booster} dose of the vaccine,
etc.} against a fcoronavirus {&.g., SARS-CoV or SARS-CoV-2). Alternatively, ift (1) at least
one anti-B-coronavirus antibody {e.g., anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody)

15 not detected or no amount 1s determined in the biological sample; or {2) the amount of {(a) at
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least one anti-B-coronavirus antibody (e.g., anti-SARS-CoV antibody or SARS-CoV-2
antibody); or (b} at least one anti-B-coronavirus neutralizing anttbody {e.g., an anti-SARS-CoV
neutralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e.g., anti-SARS-CoV-2 15G
anttbody that 1s an anti-nucleocapsid (N) antibody, an anti-spike antibody, or any combination
thereof}} determined in the biological sample 1s nsutficient to impart immunity, then at least one
vaccine can be adminstered to the subject. In some aspects, the amount of anti-B-coronavirus
antibody (e.g., anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus
neutralizing antibody (e.g., anti-SARS-CoV neutralizing antibody or anti-SARS-CoV-2
neutralizing antibody (e.g., anti-SARS-CoV-2 oG antibody that is an anti-nucleocapsid {N)
antthody, an anti-spike antibody, or any combination thereof)} that is sufficient to impart
immunity to a subject {e.g., human) is from at least about 100 BAU/mL to about 490 BAU/mL;
at least about 110 BAU/mL 1o about 490 BAU/mlL; at least about 200 BAU/mL to about 490
BAU/mL; at least from about 300 BAU mL to about 490 BAU/mL; at least about 400 BAU mL
to about 490 BAU/mL; at least about 100 BAU/mL; at least about 110 BAU/m1; at least about
120 BAU/mL,; at least about 130 BAU/mL; at least about 140 BAU/ml.; at teast about 150
BAU/mL; at least about 160 BAU/mL; at least about 170 BAU/m1.; at least about 180 BAU/mi;
at least about 190 BAU/mL; at least about 200 BAU/mL,; at least about 210 BAU/mL; at least
about 220 BAU/mL; at least about 230 BAU/mL,; at least about 240 BAU/mL; at least about 250
BAU/mL; at least about 260 BAU/mL; at least about 270 BAU/mL; at least about 280 BAU/ml;
at feast about 290 BAU/mL; at least about 300 BAU/mL.; at least about 300 BAU/mL,; at least
about 310 BAU/mL; at least about 320 BAU/mL,; at least about 330 BAU/mL; at least about 340
BAU/mL; at least about 350 BAU/mL,; at least about 360 BAU/mL; at least about 370 BAU/mL;
at least about 380 BAU/mL; at least about 390 BAU/mL; at least about 400 BAU/ml.; at least
about 400 BAU/ml.; at least about 410 BAU/mL; at least about 420 BAU/mL,; at least about 430
BAU/mL; at least about 440 BAU/mL; at least about 450 BAU/mL,; at least about 460 BAU/mlL,;
at least about 470 BAU/mL; at least about 430 BAU/ml.; or at least about 490 BAU/ml..

{63544 in some aspects, the amount of anti-B-coronavirus antibody {(e.g., anii-SARS-CoV
antibody or anti-SARS-CoV-2 antibody {e.g., an anti-SARS-CoV-2 1gG antibody}} or anti-B-
coronavirus neutralizing antibedy (e.g., anti-SARS-CoV neutralizing antibody or anti-SARS-
CoV-2 neutralizing antibody {e.g., anti-SARS-CoV-2 1gG antibody that 15 an anti-nucleocapsid

{N} antibody, an anti-spike antibody, or any combination therecf}) that is sufficient to impart
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immunity ¢ a subject {e.g., human) is from at least about 500 BAU/mL to about 650 BAU/mL;
at least about 5350 BAU/mL to about 650 BAU/mL; at least about 300 BAU/mL; from at least
about 510 BAU/mL; at least about 5320 BAU/mL; at least about 530 BAU/mL; at least about 540
BAU/mL; at least about 550 BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL; at
feast about 560 BAU/mL,; at least about 570 BAU/mL,; at least about 580 BAU/mL,; at least
about 590 BAU/mL; at least about 600 BAU/mL; at least about 610 BAU/mL; at least about 620
BAU/mL; at least about 630 BAU/mL,; at least about 639 BAU/mL; at least about 640 BAU/mL;
or at feast about 650 BAU/mL.

183558} In other aspects, the amount of anti-f-coronavirus antibody {e.g., anti-SARS-CoV
antthody or anti-SARS-CoV-2 antibody) or anti-f~coronavirus neuwtralizing antibody (e g, anti-
SARS-CoV neutralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e.g , anti-SARS-
CoV-2 1gG antihody that is an anti-nucleocapsid (N) antibody, an anti-spike antibody, or any
combination thereof}} that is sufficient to impart immunity to a subject (e.g., human) s from
about 580 BAU/mL to about 640 BAU/mL. ln other aspects, the amount of anti-f-coronavirus
anttbody {e.g., anti-SARS-CoV anttbody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus
neutralizing antibody (e.g., anti-SARS-CoV neutralizing antibody or anit-SARS-CoV-2
neutralizing antibody (e.g., anti-SARS-CoV-2 1gG antibody that 15 an anti-nucleocapsid (N}
antibody, an anti-spike antibody, or any combination thereof)) that 15 sufficient to impart
munity to a subject {e.g., human)} is from about 600 BAU/mL to about 640 BAU/mL. 1o still
yet other aspects, the amount of anti-B-coronavires antibody (e g, anti-SARS-CoV antibody or
anti~-SARS-CoV-2 antibody ) or anti-B-coronavirus neufralizing antibody (e.g., anti-SARS-CoV
neutralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e.g., anti-SARS-CoV-2 1gG
anttbody that is an anti-nucleocapsid (N) antibody, an anti-spike antibody, or any combination
thereof}) that 13 sufficient to impart immunity to a subject {e.g., human) 13 from at least about 100
BAU/mL to about 496 BAU/mL; at least about 1106 BAU/mL to about 490 BAU/mL; at least
about 200 BAU/mL. to about 490 BAU/mL; at least from about 300 BAU ml. to about 490
BAU/mL; at least about 400 BAU mL to about 490 BAU/mL; at least about 100 BAU/mL; at
least about 110 BAU/mL; at least about 120 BAU/mL; at least about 130 BAU/mL; at least
about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL; at least about 170
BAU/mL; at least about 180 BAU/mL; at least about 190 BAU/mL; at least about 200 BAU/mL;
at least about 210 BAU/mL; at least about 220 BAU/mL; at least about 230 BAU/mL; at least
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about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/mL; at least about 270
BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL,; at least about 300 BAU/mL;
at least about 300 BAU/mL; at least about 310 BAU/mL; at least about 320 BAU/mL; at least
about 330 BAU/mL; at least about 340 BAU/mL; at least about 350 BAU/mL; at least about 360
BAU/mL; at least about 370 BAU/mL; at least about 380 BAU/mL; at least about 390 BAU/mL,;
at least about 400 BAU/mL; at least about 400 BAU/mL; at least about 410 BAU/mL,; at least
about 420 BAU/mL; at least about 430 BAU/mL; at least about 440 BAU/mL; at least about 450
BAU/mL; at least about 460 BAU/mL; at least about 470 BAU/mL; at least about 480 BAU/mlL;
or at least about 490 BAU/mL.

{93361 In still vet other aspects, the amount of anti-f-coronavirus antibody {e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {e.g.,
anti-SARS-CoV neuiralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e. g, anti-
SARS-CoV-Z I antibody that is an anti-nucleccapsid (N} antibody, an anti-spike antibody, or
any combination thereof)) that is sufficient to rmpart immunity to a subject {e.g., human) 15 from
at least about S00 BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL to about 650
BAU/mL; at least about 500 BAU/mL; from at least about 510 BAU/mL; at least about 320
BAU/mL; at least about 530 BAU/mL; at least about 540 BAU/mL,; at least about 550 BAU/mL
to about 650 BAU/mL; at least about 550 BAU/mL; at least about S60 BAU/ml.; at least about
570 BAU/mL; at least about 380 BAU/mL.; at least about 590 BAU/mL.; at least about 600
BAU/MmML: at least about 610 BAU/mL.; at least about 620 BAU/mL; at least about 630 BAU/mL.;
at least about 639 BAU/mL; at least about 640 BAU/mL,; or at least about 650 BAU/mL.

{83871 Instill yet other aspects, the amount of anti-B-coronavirus antibody {e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {e.g.,
anti-SARS-CoV neutralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e.g., anti-
SARS-CoV-2 g antibody that 1s an anti-nucleocapsid (N} antibody, an anti-spike antibody, or
any combination thereof}) that 1s sufficient to impart immunity o a subject {e.g., human) 15 at
least about 590 BAU/mL, at least about 600 BAU/mL, at least about 610 BALU/mL, at least about
620 BAU/mL, at least about 630 BAU/mL, at least about 631 BAU/mL, at least about 632
BAU/mL, at least about 633 BAU/mL, at least about 634 BAU/mL, at least about 635 BAU/mmL,
at least about 636 BAU/mL, at least about 637 BAU/mL, at least about 638 BAU/mL, at least
about 639 BAU/mL, at least about 640 BAU/mL, at least about 641 BAU/mL, at least about 642

164



WO 2021/211332 PCT/US2021/026149

BAU/mL, at least about 643 BAU/mL, at least about 644 BAU/mL or at least about 645
BAU/mL.

19358}  In some aspects, the amount of anti-B-coronavirus antibody (e.g., anti-SARS-CoV
anttbody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {(e.g., anti-
SARS-CoV neutralizing antibody of anti-SARS-CoV-2 neutralizing antibody {&.g., anti-SARS-
CoV-2 1g( antibody that 1s an anti-nucleocapsid (N) antibody, an anti-spike antibody, or any
combination thereof}} that is sufficient to impart immunity to a subject {e.g., human) appears to
be at least from about 4000 to about 4700 AU/mL, e g, about 4500 AU/mL (unpublished studies

e e
ey
Ka-{

converted to the WHO International standard of binding antibody unit per mb (BAU/mL) using
the following formula: BAU/mL~=0.142 x AU/mL (e g., about 4500 AU/mL is about 639
BAU/mL (4500 AU/mL x 0.142 = 639 BAU/mL})).

{83881  In anocther aspect, the methods described i Section 2 are used to detect the presence
or determine the amount of at least one anti-B-coronavirus antibody (e.g., anti-SARS-CoV
antibodies or anti-SARS-CoV-2 antibodies) in at least one biological sample obtained from the
subject within a time frame after the subject is adnunistered at least one vaccine for a B-
coronavitus {e.g., SARS-CoV or SARS-CoV-2) in order to: (1) determine whether or not the
subject should be admimstered at least one further vaccination (e.g. receive one or more
boosters} aganst a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2); and/or {2} monitor the
subject following the adnustration of at least one vaceine for a B-coronavirus {e.g., SARS-CoV
or SARS-CoV-2}. The above method can be performed regardless of the vanation in timing
and/or severity of prior infection with a B-coronavirus {e.g., SARS-CoV or SARS-CoV-2Z). In
some aspects, the method involves obtaining the biological sample within a time frame after the
subject has been admimstered at least one vaccine for a B-coronavirus {e.g., SARS-CoV or
SARS-CoV-23 The time frame afier the subject has been administered at least one vaccine for a
B-coronavirus {e.g., receive SARS-CoV or SARS-CoV-2) can be at least 1 day, at least 2 days, at
least 3 days, at least 4 days, at least 5 days, at least 6 days, at least 7 days, at least 8 days, at least
9 days, at least 10 days, at least 11 days, at least 12 days, at least 13 days, at least 14 days, at

least 15 days, at least 10 davs, at least 17 days, at least 18 days, at least 19 days, at least 20 days,
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at least 21 days, at least 22 days, at least 23 days, at feast 24 days, at least 25 days, at least 26
days, at least 27 days, at least 28 days, at least 29 days, at least 30 days, at least 31 days, at least
32 days, at least 33 days, at least 34 days, at least 35 days, at least 36 days, at least 37 days, at
least 38 days, at least 39 davs, at least 40 days, at least 41 days, at least 42 days, at least 43 days,
at least 44 days, at least 45 days, at least 46 days, at least 47 days, at least 48 days, at least 49
days, at feast 50 days, etc. In some aspects, the biological sample 13 obtained within about 7 to
about 21 days after the subject has been administered at least one vaccine for a B-coronavirus
{e.g., SARS-CoV or SARS-CoV-2). Additionally, i vet further aspects, the monitoring of the
subject involves monitoring for post-vaccine symptomaology or side-effects after a subject
receives one or more vaccines {e.g., such as after a first dose of a vaccine for SARS-CoV-2, a
second dose of a vaccine for SARS-CoV-2, etc.) for a B-coronavirus {e.g., SARS-CoV or SARS-
CoV-2). For example, as shown in Example 10, subjects previously infected with a -
coronavirus {e.g., SARS-CoV or SARS-CoV-2) after receipt of a first (e.g., initial} dose of a
vaceine for a B-coronavirus {(e.g., SARS-CoV or SARS-CoV-2) may experience more post-
vaccine symptons or side effects (e.g., one or more of fatigue or malaise, headache, dizziness, or
fightheadedness, fever or chulls, muscle, boune, joint or nerve symptoms, nausea, vomiting,
diarrthea, or other digestive symptoms, sleep changes, swollen lymph node, skin/nail or face
changes, eye, ear, mouth or throat changes, cought, chest or breathing symptoms and/or memory
or mood changes) than a subject who has not previously been infected with a B-coronavirus
{e.g., SARS-CoV or SARS-CoV-2}.

{8368}  Using the methods described m Section 2, 1f: {1) at least one anti-B-coronavirus
antibody {e.g., anti-SARS-CoV antibody or SARS-CoV-2 antibody) 13 not detected or no amount
determined in the biological sample; (2) at least one anti-B-coronavirus nevtralizing antibody
{e.g., anti-SARS-CoV neutralizing antibody or anti-SARS-CoV-2 neutralizing antibody {e.g.,
anti~-SARS-CoV-2 IgG antibody that 1s an anti-nucleocapsid (N) antibody, an anti-spike
antibody, or any combination thereof}} 1s not detected or no amount determuined 1 the biological
sample; or {3) the amount of {a} at least one anti-B-coronavirus anitbody {e.g., anti-SARS-CoV
antibody or SARS-CoV-2 antibody); or (b} at least one anti-B-coronavirus neutralizing antibody
{e.g., anti-SARS-CoV neuvtralizing antibody or anti-SARS-CoV-2 neutralizing antibody (e g,
anti-SARS-CoV-2 Ig( antibody that 1s an anti-nuclescapsid (N) antibody, an anti-spike

anttbody, or any combination thereof}) determined in the biological sample is msufficient to
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impart immunity, then at least one further vaccines {e.g., one or more boosters} can be
admunistered to the subject. Alternatively, if: {1} at least one anti-B-coronavirus antibody {e.g.,
antt-SARS-CoV antibody or anti-SARS-CoV-2 antibody) is detected or an amount determined in
the biclogical sample; (2} at least one anti-B-coronavirus neutralizing antibody {(g.g., anti-SARS-
CoV neutralizing antibody or anii-SARS-CoV-2 neutralizing antibody (e.g., anti-SARS-CoV.-2
1e(y antibody that is an anti-nuclencapsid (N} antibody, an anti-spike antibody, or any
combination thereof}} is detected or an amount determined in the biological sample; or (3) the
amount of {a) at least one anti-P-coronavirus antibody {e.g., anti-SARS-CoV antibody or SARS-
CoV-2 antibody); or {b} at least one anti-B-coronavirus neutralizing antibody (e g, anti-SARS-
CoV 16 neutralizing antibody or anti-SARS-CaV-2 1gG neutralizing antibody (e.g., anti-SARS-
CoV-2 1gG antibody that is an anti-nucleocapsid (N} antibody, an anti-spike antibody, or any
combination thereof}) is sufficient to impart immunity 1s determined in the biological sample,
then at least one further vaccines should not be administered to the subject.

{8361}  In some aspects, the amount of anti-B-coronavirus antibody {e g., anti-SARS-CoV
anttbody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody (e.g, anti-
SARS-CoV 1gG neutralizing antibody or anti-SARS-CoV-2 IgG neutralizing antibody {e.g., anti-
SARS-CoV-2 Ig( antibody that 1s an anti-nucleocapsid (N} antibody, an anti-spike antibody, or
any corbination thereof)} that s sufficient to impart immunity to a subject {e.g., human) 15 from
about 300 BAU/mL to about 650 BAU/ml.. In other aspects, the amount of anti-B-coronavirus
anttbody {e.g., anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody ) or anti-B~coronavirus
neutralizing antibody (e.g., anti-SARS-CoV 1gG neutralizing antibody or anti-SARS-CoV-2 g
neutralizing antibody (e.g., anti-SARS-CoV-2 Ig( antibody that is an anti-nucleocapsid (N)
anttbody, an anti-spike antibody, or any combination thereof)) that 1s sufficient to impart
mmunity o a subject {e.g., human) is from about 550 BAU/mL to about 640 BAU/mL. v other
aspects, the amount of anti-B-coronavirus antibody {e.g., anti-SARS-CoV antibody or anti-
SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {e.g., anti-SARS-CoV I
neutralizing antibody or anti-SARS-CoV-2 IgG nevtralizing antibody {e.g., anti-SARS-CoV-2
1sG aniibody that is an anti-nucleccapsid (N) antibody, an anti-spike antibody, or any
combination thereof)) that is sufficient to impart immunity o a subject (e g., human} is from
about S80 BAU/mL to about 640 BAU/mL. In other aspecis, the amount of anti-B-coronavirus

anttbody {e.g., anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus
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neutralizing antibody (e.g., anti-SARS-CoV 12G neutralizing antibody or anti-SARS-CoV-2 IgG
neutralizing antibody (e.g., anti-SARS-CoV-2 1gG antibody that is an anti-nucleoccapsid (N}
antibody, an anti-spike antibody, or any combination thereof}} that is sufficient to impart
immunity o a subject {e.g., human} is from about 600 BAU/mL to about 640 BAU/mL.

19362}  1In still yet other aspects, the amount of anti-B-coronavirus antibody {e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antiboedy) or anti-f~coronavirus neutralizing antibody {e.g.,
anti-SARS-CoV Ig(s neutralizing antibody or anti-SARS-CoV-2 1g(G nevtralizing antibody {g.g.,
anti-SARS-CoV-2 IgG antibody that ts an anti-nucleocapsid (N} antibody, an anti-spike
antitbody, or any combination thereof)) that is sufficient to impart immunity to a subject {e.g.,
human) is from at least about 100 BAU/mL to about 490 BAU/mL; at least about 110 BAU/mL
to about 490 BAU/mL; at least about 200 BAU/mL to about 490 BAU/mL; at least from about
300 BAU mL to about 490 BAU/mL; at least about 400 BAU mL to about 490 BAU/mL; at least
about 100 BAU/mL; at least about 110 BAU/mL; at least about 120 BAU/mL; at least about 130
BAU/mL; at least about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL;
at least about 170 BAU/mL; at least about 180 BAU/mL,; at least about 190 BAU/ml; at least
about 200 BAU/mol; at least about 210 BAU/mL; at least about 220 BAU/mL,; at least about 230
BAU/mL; at least about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/ml;
at feast about 270 BAU/mL; at least about 280 BAU/mL.; at least about 290 BAU/mL,; at least
about 300 BAU/mL; at least about 300 BAU/mL.; at least about 310 BAU/mL; at least about 320
BAU/mL; at least about 330 BAU/mL,; at least about 340 BAU/mL; at least about 350 BAU/mL,;
at least about 360 BAU/mL; at least about 370 BAU/mL,; at least about 380 BAU/mL.; at least
about 390 BAU/mmL.; at least about 400 BAU/mL; at least about 400 BAU/mL,; at least about 410
BAU/mlL.; at least about 420 BAU/mL; at least about 430 BAU/mL,; at least about 440 BAU/ml,;
at feast about 450 BAU/mL; at least about 460 BAU/mL.; at least about 470 BAU/mL,; at least
about 480 BAU/mL; or at least about 490 BAU/mL.

{83631 In still yet other aspects, the amount of anti-~coronavirus antibody {e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antiboedy) or anti-B~coronavirus neutralizing antibedy {eg.,
anti-SARS-CoV Ig( nentralizing antibody or anti-SARS-CoV-2 1g( neutralizing antibody {(e.g.,
anti-SARS-CoV-2 IgG antibody that is an anti-nucleccapsid (N) antibody, an anti-spike
antibody, or any combination thereof}) that 1s sufficient to impart immunity 1o a subject {e.g,,

human) is from at least about 500 BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL
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to about 650 BAU/mL; at least about 500 BAU/mL; from at least about 510 BAU/mL; at least
about 520 BAU/mL; at least about 330 BAU/mL; at least about 540 BAU/mL; at least about 550
BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL.; at least about 560 BAU/mL; at
least about 570 BAU/mL; at least about 3&0 BAU/mL; at least about 390 BAU/mL; at least
about 600 BAU/mL; at least about 610 BAU/mL; at least about 620 BAU/mL; at least about 630
BAU/mL; at least about 639 BAU/mL; at least about 640 BAU/mL,; or at least about 650
BAU/mL.

{6364]  In still yet other aspects, the amount of anti-B-coronavirus antibody (e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {e.g.,
anti-SARS-CoV IgG neutralizing antibody or anti-SARS-CoV-2 1pG neutralizing antibady (e g,
antt-SARS-CoV-2 g antibody that is an anti-nucleocapsid (N) antibody, an anti-spike
antthody, or any combination therecf)) that 1s sufficient to tmpart immunity to a subject (e.g,,
human} 1s at least about 590 BAU/mL, at least about 600 BAU/mL, at least about 610 BAU/mL,
at least about 620 BAU/mL, at least about 630 BAU/mL, at least about 631 BAU/mL, at least
about 632 BAU/mL, at least about 633 BAU/mL, at least about 634 BAU/mL, at least about 635
BAU/mL, at teast about 636 BAU/mL, at least about 637 BAU/mL, at least about 638 BAU/mL,
at least about 639 BAU/mL, at least about 640 BAU/mL, at least about 641 BAU/mL, at least
about 642 BAU/mL, at least about 643 BAU/mL, at least about 644 BAU/mL or at least about
6435 BAU/mL. In some aspects, the amount of anti-P-coronavirus antibody (e.g., anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) or anti-f~coronavirus nevtralizing antibody (e.g.,
anti~-SARS-CoV 1gG neutralizing antibody or anti-SARS-CoV-2 {gG neutralizing antibody {e.g.,
anti-SARS-CoV-2 gl antibody that 15 an anti-nucleccapsid (N) antibody, an anti-spike

anttbody, or any combination thereof}) that 1s sufficient to impart immuntty to a subject (e.g.,

human) appears to be at least from about 4000 AU/mL to about 4500 AU/mL (unpubhished

ns}). The measure AU/mL can be converted o the WHO International
standard of binding antibody unit per mL (BAU/mL) using the following formula;
BAU/mL=0.142 x AU/mL (e.g., about 4000 AU/mL is about 568 BAU/mL (4000 AU/mL x
0.142 = 568 BAU/mL) and about 4500 AU/mL is about 639 BAU/mU (4500 AU/mL » 0.142 =
639 BAU/mL)Y).
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7. Methods for Determining Fnmune Status in Subjects with SARS-CoV-2

{8365 in another embodiment, the present disclosure relates to use of the methods described
above in Section 2 for determining the immune status of a subject to SARS-CoV-2. In some
aspects, the method involves determining the presence of (e.g., which can qualitative, semi-
quantitative or quantitative} or an amount, level or concentration of (e.g., quantitating or semi-
quantiiating) at feast one anti-SARS-CoV-2 Ig(s antibody, at least one anti-SARS-CoV-2
neutralizing antibody (e.g., anti-SARS-CoV-2 g nevtralizing antibody) or at least one anti-
SARS-CoV-2 IgG antibody and at least one anti-SARS-CoV-2 neutralizing antibody {e.g., anti-
SARS-CoV-2 Ig( neutralizing anitibody} in at least one biological sample obtained from the
subject using the methods described in Section 2. Such a subject optionally has been infected or
is suspected of being mfected with SARS-CoV-2. Alternatively, optionally, the subject has had
an unknown, limited or no potential exposure to SARS-CoV -2 but determination of immune
status is desired nonetheless. After the amount of at least one anti-SARS-CoV-2 IgG antibody,
at least one anti-SARS-CoV-2 neutralizing antibody {e.g., anti-SARS-CoV-2 1g( neutralizing
antibody) or at least one anti-SARS-CoV-2 1gG antibody and at least one anti-SARS-CoV-2
neutralizing antibody (e.g., anti-SARS-CoV-2 1gG neutralizing antibody) in the biological
sample 13 determined, the immune status of the subject is determined. In some aspects, if the
amount of at least one anti-SARS-CoV-2 IgG antibody, at least one anti-SARS-CoV-2
neutralizing antibody (e.g., anti-SARS-CoV-2 TgG neutralizing antibody) or at least one anti-
SARS-CoV-2 IgG antibody and at least one anti-SARS-CoV-2 neutralizing antibody (e g., anti-
SARS-CoV-2 T3 nentralizing antibody} determined in the biological sample s from at least
about S50 BAU/mL to about 650 BAU/mL or from at least about 100 BAU/mL to about 490
BAU/mL, the subject 13 considered to have or possess immunity to SARS-CoV-2.  If the amount
of at least one anti-SARS-CoV-2 1gG antibody, at least one anti-SARS-CoV-2 neutralizing
antibody {(e.g., anti-SARS-CoV-2 Ig(s neutralizing antibody} or at least one anti-SARS-CoV-2
1o(G antibody and at least one anti-SARS-CoV-2 neutralizing antibody {e.g., anti-SARS-CoV-2
Ig(s neutralizing antibody} determined in the biological sample obtained from the subject is not
from at least about 350 BAU/mL to about 650 BAU/mL or from at least about 100 BAU/mL to
about 490 BAU/mL, the subject is not considered to have or possess immunity to SARS-CoV-2.
18366}  The methods for determining the immune status of subject can be performed at any
time regardless or irrespective of the (a) subject’s prior infection history with SARS-CoV-2 {e g,
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in some aspects, the subject may never have been infected with or potentially exposed to SARS-
CoV-2, in other aspects, the subject may have been infected one or more times with SARS-CoV-
23, and/or vaccination history with SARS-CoV-2 {e.g., n some aspecis, the subject may never
have been vaccinated agamst SARS-CoV-2, m other aspects, the subject may have been
vaccinated one or more times against SARS-CoV-2); and/or (b} whether there is any knowledge
of the subject’s prior mfection and/or vaccination history with SARS-CoV-2 (e.g., there may be
full, no, or hmited information). There is no imit on the number of times the method for
determining the SARS-CoV-2 immune status of a subject 15 performed. For example, the
method may be performed once (e.g., such as if the subject 1s planning to travel and s status is
required for such travel). Alternatively, the method can be performed once or more times a week,
month, and/or year.

{8367}  The immune status of subject determined according to the methods described herein
can be communicated to the subject direcily from a clinician (e g, doctor, nurse, etc.) or thewr
representative or agent using any means {e.g., in person, via telephone, mail delivery {e.g., postal
service), eic.}, via text or e-mai messages, or by the use a mobile phone application. The means
for communicating communicating the immune status to the subject 1s not critical and can use

any routine technigues or emerging technologies known i the art.

8. Preparation/Productions Methods for Recombinant Antigens and Antibodies for use as

Specific Binding Pavtoners
a. Recombinant antigens

{9368l Swithetic Production of Isolated Nucleocapsid andior Spike Polypeptides from a fi-
Coronavirus

{836%  Once sequenced, polypeptides, such as (a) a nucleocapsid protein, fragment or variant
thereof of a B-coronavirus (such as SARS-CoV or SARS-CoV-2); (b) a spike protein, fragment
or variant thereof from a P-coronavirus {such as SARS-CoV or SARS-CoV-2}); (¢} any protein,
fragment or variant thereof that binds to an anti-nucleccapsid antibody or antibody variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}; and/or {d} any protein,
fragment or variant thereof that binds to any anti-spike antibody or antibody variant thereof from

a P-coronavirus {such as SARS-CoV or SARS-CoV-2}, can be synthesized using methods known
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in the art, such as, for example, exclusive solid phase synthesis, partial solid phase synthesis,
fragment condensation, and classical solution synthesis. Seg, e g, Merrifield, /. dm. Chem. Soc.
85 2149 (1963). On a solid phase, the synthesis typically begins from the C-terminal end of the
peptide using an alpha-amino protected resin. A suitable starting material can be prepared, for
mstance, by attaching the required alpha-amino acid to a chloromethylated resin, a
hydroxymethyl resin, or a benzhydrylamine resin. One such chloromethylated resin 1s sold under
the tradename BIO-BEADS SX-1 by Bio Rad Laboratories {(Richmond, Calif’), and the
preparation of the hydroxymethyl resin 1s described by Bodonszky et al., Chem. fnd. (London}
38: 1597 (1966}, The benzhydrvlamine (BHA) resin has been described by Pietta and Marshall,
Chem. Comm 630 (1970) and is commercially available from Beckman Instruments, Inc. (Palo
Alto, Calif ) in the hydrochioride form. Automated peptide synthesizers are commercially
avatlable, as are services that make peptides to order.

18378}  Thus, the polypeptides can be prepared by coupling an alpha-aming protected amino
acid to the chloromethylated resin with the aid of, for example, cesium bicarbonate catalyst,
according to the method described by Gisin, Hely. Chim. Acra. 56: 1467 {(1973). After the mitial
coupling, the alpha-aromno protecting group 1s removed by a chotee of reagents including
triftuoroacetic acid (TFA) or hydrochloric acid (HCl) solutions 1o organic solvents at room
temperature,

{8378 Sustable alpha-aminoe protecting groups include those known to be useful in the art of
stepwise synthesis of peptides. Examples of alpha-amino protecting groups are: acyl fype
protecting groups {e.g., formyl, tmifluoroacetyl, and acetyl}, aromatic urethane type protecting
groups {e.g., benzyloxycarbonyl (Chz) and substituted bz}, aliphatic urethane protecting groups
{e.g., t-butyloxycarbonyl (Boc}, isopropyloxycarbonyl, and cyclohexyloxycarbonyl), and alkyl
type protecting groups {e.g., benzyl and triphenylmethy!). Boc and Fmoc are preferred protecting
groups. The side chain protecting group remains intact during coupling and 1s not sphit off during
the deprotection of the ammo-terminus protecting group or during coupling. The side chain
profecting group must be removable upon the completion of the synthesis of the final peptide and
under reaction conditions that will not alter the target peptide.

{83721 After removal of the alpha-amino protecting group, the remaining protected amino

acids are coupled stepwise in the desired order. An excess of each protected aming acid is
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generally used with an appropriate carboxyl group activator such as dicyclshexylcarbodiimide
{DCC) in solution, for example, in methylene chloride and dimethyl formamide (DMF) mixtures.
193731 After the desired amino acid sequence has been completed, the desired peptide s
decoupled from the resin support by treatment with a reagent, such as TFA or hydrogen fluoride
{HF}, which not only cleaves the peptide from the resin, but also cleaves all remaining side chain
protecting groups. When the chloromethyliated resin i3 nsed, HEF treatment results in the
formation of the free peptide acids. When the benzhydrvlamine resin is used, HF treatment
results directly in the free peptide anude. Alternatively, when the chloromethylated resin is
employed, the side chain protected peptide can be decoupled by treatment of the peptide resin
with ammonia to give the desired side chain protected amide or with an alkylamine to give a side
chain protected alkylamide or dialkylamide. Side chain protection is then removed in the usual
fashion by treatment with hydrogen fluoride to give the free amides, alkylamides, or
diatkylamides.

{8374}  These and other solid phase peptide synthesis procedures are well-known in the art.
Such procedures are also described by Stewart and Young in Solid Phase Peptide Syntheses (2nd
Ed., Pierce Chemical Company, 1984},

183781 Recombinant Production of Isoluated Nucleocapsid and/or Spike Polypeptides from a
B-Coronavivus (such as SARS-CoV or S4RS-CoV-2)

{8376 All ora portion of a {a) nucleocapsid protein, a fragment or variant thereof from a B-
coronaviras (such as SARS-CoV or SARS-CoV-2}, (b} spike proten, a fragment or variant
thereof from a P-coronavirus (such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment,
variant thereof that binds to an anti-nucleocapsid antibody or antibody variant thereof from a B-
coronavirus {such as SARS-CoV or SARS-CoV-2); and/or {d) any protein, fragment or vanant
thereof that binds to any anti-spike antibody or antibody vanant thereof from a B-coronavirus
{such as SARS-CoV or SARS-CoV-2} can be recombinantly produced using methods known in
the art. For example, an 1solated or purnified nucleic acid molecule comprising a nucleotide
sequence encoding the polypeptide can be expressed in a host cell, and the polypepiide can be
isolated. The isolated or purified nucleic acid molecule can comprise a nucleotide sequence
encoding a {a} nucleocapsid protein, a fragment or variant thereof from a B-coronavirus {such as
SARS-CoV or SARS-CoV-2); (b} spike protein, & fragment or variant thereof from a B-

coronavirus {such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment or variant thereof
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that binds to an anti-nucleocapsid antibody or antibody variant thereof from a P-coronavirus
{such as SARS-CoV or SARS-CoV-2}; and/or {d) any protein, fragment or variant thereof that
binds to any anti-spike antibody or antibody variant thereof from a B-coronavirus (such as
SARS-CoV or SARS-CoV-2 . In one aspect, the isolated or purified nucleic acid can comprise a
nucleotide sequence encoding a nucleccapsid protein having the aming acid sequence of SEQ ID
NO:1 or a fragment or variant thereof. In another aspect, the isolated or purified nucleic acid can
comprise 3 nucleotide sequence encoding a RBD from a spike protein having the amino acid
sequence of SEQ ID NOS: 17 or 18, The isolated or purified nucleic acid molecule can be a
vector.

{9377 The isolated nucleic acid can be synthesized with an oligonucleotide synthesizer, for
example. One of ordinary skill in the art will readily appreciate that, due to the degeneracy of the
genetic code, more than one nucleotide sequence can encode a given amino acid sequence. In
this regard, a nucleotide sequence encoding an amino acid sequence that is substantially identical
to an amino acid sequence of a SEQ 1D NO. specified herein can be used. Codons, which are
favored by a given host cell, preferably are selected for recombinant production. A nucleotide
sequence encoding the amino acid seguence of a specified SEQ 1D NO. can be combined with
other nucleotide sequences using polymerase chain reaction (PCR), ligation, or higation chain
reaction {LCR) to encode a mutated truncated nucleocapsid and/or spike polypeptide. The
individual oligonucleotides typically contain 3' or 3' overhangs for complementary asserbly.
Once assembled, the nuclectide sequence encoding (a) nucleocapsid protein, a fragment or
variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}; (b) spike protein, a
fragment or variant thereof from a P~coronavirus (such as SARS-CoV or SARS-CoV-2); {¢) any
proiein, fragment or variant thereof that binds to an anti-nuclescapsid antibody or antibody
vartant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or (d) any
protein, fragment or vanant thereof that binds to any anti-spike antibody or antibody variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2} can be inserted info a vector,
operably hinked to control sequences as necessary for expression in a given host cell, and
mtroduced (such as by transformation or transfection) into a host cell. The nucleotide sequence
can be further manipulated (for example, linked to one or more nucleotide sequences encoding
additionel immunoglobulin domains, such as additional constant regions} and/or expressed ina

host cell.
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19378} Although not all vectors and expression control sequences may function equally well
to express a polynucleotide sequence of interest and not all hosts function equally well with the
same expression system, it is believed that those skilled in the art will be able to make a selection
among these vectors, expression control sequences, optimized codons, and hosts for use in the
present disclosure without any undue experimentation. For example, in seleciing a vector, the
host must be considered because the vector must be able to replicate 1in it or be able to integrate
mnto the chromosome. The vector's copy number, the ability to control that copy nember, and the
expression of any other proteins encoded by the vector, such as antibiotic markers, should also
be considered. In selecting an expression control sequence, a variety of factors also can be
considered. These include, but are not limited to, the relative strength of the sequence, its
controllability, and its compatibility with the nucleotide sequence encoding {a) nucleocapsid
protein, a fragment or variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-
2}; (b} spike protein, a fragment or variant thereof from a B-coronavirus {such as SARS-CoV or
SARS-CoV-2); (¢} any protein, fragment or variant thereof that binds to an anti-nucleocapsid
anttbody or antibody variant thereof from a f-coronavirus (such as SARS-CoV or SARS-CoV-
2y, and/or {d} any proten, fragment or variant thereof that binds to any anti-spike antibody or
antibody variant thereof from a P-corovavirus (such as SARS-CoV or SARS-CoV-2},
particularly with regard to potential secondary structures. Hosts should be selected by
consideration of thewr compatibility with the chosen vector, their codon usage, their secretion
characteristics, their ability to fold the polypeptide correctly, their fermentation or culture
requirements, their abality (or lack thereof) to glvcosylate the protein, and the ease of purification
of the products encoded by the nucleotide sequence, etc.

{83791  The recombinant vector can be an autonomously replicating vecior, namely, a vector
existing as an exitrachromosomal entity, the replication of which s independent of chromosomal
rephication (such as a plasmid). Alternatively, the vector can be one which, when introduced mto
a host ¢ell, 15 mtegrated into the host cell genome and replicaied together with the
chromosome(s} into which it has been integrated.

18388}  The vector 1s preferably an expression vector in which the polynuclestide sequence
encoding the {a) nucleocapsid protein, a fragment or vaniant thereof from a B-coronavirus (such
as SARS-CoV or SARS-CoV-2}; (b) spike protein, a fragment or variant thereof from a -

coronavirus {such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment or variant thereof
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that binds to an anti-nucleocapsid antibody or antibody variant thereof from a P-coronavirus
{such as SARS-CoV or SARS-CoV-2}; and/or {d) any protein, fragment or variant thereof that
binds to any anti-spike antibody or antibody variant thereof from a B-coronavirus (such as
SARS-CoV or SARS-CoV-2), is operably linked to additional segments required for
transcription of the polynucleotide sequence. The vector s typically derived from plasmid or
viral DNA. A number of suitable expression vectors for expression in the host cells mentioned
herein are commercially available or deseribed in the literature. Useful expression vectors for
eukaryotic hosts, include, but are not limited to, vectors comprising expression control sequences
from SV40, bovine papilloma virus, adenovirus and cytomegalovirus. Specific vectors include
peDNA3 1 (+0\Hyg (nvitrogen Corp., Carisbad, Calif) and pCl-neo (Stratagene, La Jolla,
Calif ). Examples of expression vectors for use in veast cells include, but are not himited to, the
2y plasmid and derivatives thereof, the POT1 vector {(see, e.g., U.S. Patent No. 4,931,373), the
pIS0O37 vector {described in Okkels, 4nn New York Acad. Sci. T82: 202-207 (1996)) and pPICZ
A, B or C {Invitrogen). Examples of expression vectors for use i insect cells include, but are not
fimited to, pVL941, pBGA 11 {Cate et al., Cell 45 685-698 {1986)), and pBluebac 4.5 and
phelbac (both of which are available from Tovitrogen).

{83811  Other vectors that can be used allow the nucleotide sequence encoding the (a)
nucleocapsid protein, a fragment or variant thereof from a B-coronavitus {such as SARS-CoV or
SARS-CoV-2}; {b) spike protein, a fragment or variant thereof from a B-coronavirus (such as
SARS-CoV or SARS-CoV-2); {c) any protem, fragment or variant thereof that binds to an anti-
nucleocapsid antibody or antibody variant thereof from a B-coronavirus (such as SARS-CoV or
SARS-CoV-2); and/or (d} any protein, fragment or variant thereof that binds to any anti-spike
anttbody or antibody variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-
23, to be ampiified in copy number. Such amplifiable vectors are well-kuown o the art. These
vectors include, but are not himited to, those vectors that can be amplified by dihydrofolate
reductase (DHFR) amplification (see, for example, US. Patent No. 4,470,461 and Kaufinan ¢t
al., Mol Cell. Biol 2: 1304-1319 (1982)) and glutamine synthetase {38} amplification (see, for
example, U.S. Patent No. 5,122,464 and EP Patent Application Publication No. 0 338 841).
{83821  The recombinant vector can further comprise a nuclectide sequence enabling the
vector to replicate in the host cell 1n question. An example of such a sequence foruse ina

mamimalian host cell is the SV40 onigin of replication. Suitable sequences enabling the vector to
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replicate in a veast cell are the yeast plasmid 2p replication genes REP 1-3 and origin of
replication.

19383}  The vector can also comprise a selectable marker, namely, a gene or polynucleotide,
the product of which complements a defect in the host cell, such as the gene coding for DHFR or
the Schizosaccharomyces pombe TPI gene (see, e.g., Russell, Gene 40 125-130 (1985)), or one
which confers resistance to a drug, such as ampicillin, kanamycin, tetracycline, chloramphenicol,
neomycin, hygromycin or methotrexate. For filamentous fungi, selectable markers inchude, but
are not limited to, amdS, pyr(s, arcB, nial} and sC.

18384}  Also present in the vector are "control sequences,” which are any components that are
necessary or advantageous for the expression of the (a) nucleocapsid protein, a fragment or
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); (b) spike protein, a
fragment or variant thereof from a P-coronavirus (such as SARS-CoV or SARS-CoV-2); {¢) any
protein, fragment or varant thereof that binds to an anti-nucleocapsid antibody or antibody
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or (d) any
protein, fragment or variant thereof that binds to any anti-spike antibody or antibody variant
thereof from a B~coronavirus {such as SARS-CoV or SARS-CoV-2). Each countrol sequence can
be native or foreign to the nucleotide sequence encoding the {a) nucleocapsid protein, a fragment
or variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2); (b) spike protein,
a fragment or variant thereof from a B-coronavitus {such as SARS-CoV or SARS-CoV-2); {¢)
any protein, fragment or variant thereof that binds to an anti-nucleccapsid antibody or antibody
variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}; and/or {d} any
protein, fragment or vanant thereof that binds o any anti-spike antibody or antibody variant
thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2} . Such countrol sequences
melude, but are not hmited to, a leader, a polyadenyiation sequence, a propeptide seguence, a
promoter, an enhancer of an upstream activating sequence, a signal peptide sequence, and a
transcription terminator. At a munumum, the control sequences mchude at least one promoter
operably hinked to the polynucleotide sequence encoding the {a) nucleccapsid protein, a fragment
or variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2); (b) spike protein,
a fragment or variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2); (c)
any protein, fragment or variant thereof that binds to an anti-nuclescapsid antibody or antibody

variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or {d} any
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protein, fragment or variant thereof that binds to any anti-spike antibody or antibody variant
thereof from a f-coronavirus (such as SARS-CoV or SARS-CoV-2).

19385} By "operably linked" is meant the covalent joining of two or more nuclestide
sequences, by means of enzymatic ligation or otherwise, in a configuration relative o one
another such that the normal function of the sequences can be performed. For example, a
nucleotide sequence encoding a presequence or secretory leader is operably linked toa
nucleotide sequence for a polypeptide if 1t 13 expressed as a preprotem that participates in the
secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence if it
affects the transcription of the sequence; a ribosome binding site 15 operably linked to a coding
sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that
the nucleotide sequences being linked are contiguous and, in the case of a secretory leader,
contigucus and in the same reading frame. Linking is accomplished by ligation at convenient
restriction sites. 1f such sites do not exist, then synthetic oligonucleotide adaptors or linkers can
be used, in conjunction with standard recombinant DNA methods.

{8386} A wide vaniety of expression control sequences can be used n the context of the
present disclosure. Such useful expression control sequences 1nclude the expression coutrol
sequences associated with structural genes of the foregoing expression vectors as well as any
sequence known to control the expression of genes of prokaryotic or sukaryotic cells or thewr
viruses, and various cornbinations thereof. Examples of suitable control sequences for directing
transeription in mammalian cells include the early and late promoters of SV40 and adenovirus,
for example, the adenovirus 2 major late promoter, the MT-1 {metallothionein gene) promoter,
the human cytomegalovirus immediate-early gene promoter (CMV), the human elongation factor
1o (EF-14) promoter, the Drosophila minimal heat shock protein 70 promoter, the Rous Sarcoma
Virus {RSV) promoter, the human ubiquatin C {UbC) promoter, the human growth hormone
terminator, SV40 or adenovirus Elb region polyadenyiation signals and the Kozak consensus
sequence (Kozak, J Mol Riol. 196 947-50 {(1987)).

{63871 In order to improve expression in mammalian cells a synthetic intron can be inserted
in the 53' untranslated region of a polynuclestide sequence encoding the antibody or a fragment
thereof. An example of a synthetic intron 1s the synthetic intron from the plasmid pCi-Neo

{available from Promega Corporation, Madison, Wis.}.
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19388}  Examples of suitable control sequences for directing transcription in insect cells
mchude, but are not limited to, the polyhedrin promoter, the P10 promoter, the baculovirus
immediate early gene 1 promoter, the baculovirus 39K delayed-early gene promoter, and the
SY40 polvadenylation sequence.

{8389  Examples of suitable control sequences for use in veast host cells include the
promoters of the yeast a-mating system, the veast triose phosphate isomerase (TP} promoter,
promoters from yeast glycolytic genes or alcohol dehydrogenase genes, the ADHZ-4-¢ promoter
and the inducible GAL promoter.

{8398} Examples of suitable control sequences for use in filamentous fungal host cells include
the ADH3 promoter and terminator, a promoter derived from the genes encoding Aspergilius
orvzae TAKA amylase triose phosphate isomerase or alkaline protease, an A. wiger g-amylase, 4.
niger ot A. nidulas elucoamylase, 4. nidulans acetamidase, Rhizomucor michei aspartic
protemase or lipase, the TP ternmunator, and the ADH3 terminator.

{8381}  The polynucleotide sequence encoding the truncated DBP, mutated truncated DBP, or
fuston protein of either of the foregoing may or may not also melude a polynucleotide sequence
that encodes a signal peptide. The signal peptide 13 present when the {a) nucleocapsid protein, a
fragment or variant thereof from a B-coronavirus {(such as SARS-CoV or SARS-CoV-2}; (b}
spike protein, a fragment or variant thereof from a B-coronavirus {such as SARS-CoV or SARS-
CoV-2); {c) any protein, fragment or vanant thereof that binds to an anti-nucleocapsid antibody
or antibody variant thereof from a PB-coronavirus (such as SARS-CoV or SARS-CoV-2}; and/or
{d) any protem, fragment or variant thereof that binds to any anti-spike antibody or anttbody
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2) 13 to be secreted
from the cells in which it 1s expressed. Such signal peptide, if present, should be one recogmized
by the cell chosen for expression of the polypeptide. The signal peptide can be homologous or
heterologous to the {a} nucleocapsid protein, a fragment or variant thereof from a B-coronavirus
(such as SARS-CoV or SARS-CoV-2}; (b} spike protem, a fragment or vanant thereof from a B-
coronavirus {such as SARS-CoV or SARS-CoV-2); (¢} any protemn, fragment or variant thereof
that binds to an anti-nucleocapsid antibody or antibody variant thereof from a P-coronavirus
{such as SARS-CoV or SARK-CoV-2}; and/or {d) any protein, fragment or variant thereof that
binds to any anti-spike antibody or antibody variant thereof from a B-coronavirus (such as

SARS-CoV or SARS-CoV-2) or can be homologous or heterologous to the host cell, e, a signal
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peptide normally expressed from the host cell or one which is not normally expressed from the
host cell. Accordingly, the signal peptide can be prokaryatic, for example, dertved from a
bacterium, or gukaryotic, for example, derived from a mammalian, msect, filamentous fungal, or
yeast cell.

18392}  The presence or absence of a signal peptide will, for example, depend on the
expression host cell used for the production of the {(a) nucleocapsid protein, a fragment or variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}; (b} spike protein, a
fragment or variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); {¢) any
protein, fragment or variant thereof that binds to an anti-nucleocapsid antibody or antibody
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or {d) any
protein, fragment or variant thereof that binds to any anti-spike antibody or antibody variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}. For use in filamentous
fungy, the signal peptide can conveniently be dertved from a gene encoding an Aspergiflus sp.
amyvlase or glucoamylase, a gene encoding a Rhizomucor miehei lipase or protease or a
Humicola lanuginosa lipase. For use m insect cells, the signal peptide can be derived trom an
msect gene {(see, e.g., PCT International Application WO 90/05783), such as the lepidopteran
Manduca sexta adipokinetic hormone precursor (see, e.g., UK. Patent No. 5,023,328}, the
honeybee mehttin (Invitrogen), ecdysteroid UDP glucosyliransferase (egt) (Murphy et al
Protein Fxpression and Purification 4. 349-357 {1993), or human pancreatic lipase (hpl)
{(Methods in Iimzymology 284 262-272 (19973}

{83931  Specific examples of signal peptides for use 10 mammakhian cells mclude murine Ig
kappa light cham signal peptide (Coloma, J. Jmm Methods 152: 89-104 (1992)). Suitable signal
peptides for use n veast cells include the a-factor signal peptide from 5. cerevisiae {see, eg.,
U.S. Patent No. 4,870,008}, the sigunal peptide of mouse salivary amylase {see, e.g., Hagenbuchle
et al., Nature 289 643-646 (1981})), a modified carboxypeptidase signal peptide (see, e.g., Valls
et al., Cell 48 887-897 {1987}), the yeast BARI signal peptide (see, e.g., PCT International
Application W 87/02670}, and the veast aspartic protease 3 (YAPS) signal peptide (seg, e g,
Egel-Mitani et al., Yeast 6: 127-137 (1990)).

[83%4F  In view of the above, the above-described isolated or purified nucleic acid molecule,
which can be a vector, can be introduced into a host cell as described herein below. Accordingly,

a host cell comprising the isolated or purified nucleic acid molecule is provided.
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18395} Any suitable host can be used to produce the {a} nucleocapsid protein,a fragment or
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2}; (b) spike protein, a
fragment or variant thereof from a f-coronavirus (such as SARS-CoV or SARS-CoV-2}; {c) any
protein, fragment or variant thereof that binds to an anti-nucleocapsid antibody or antibody
variant thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2); and/or (d) any
protein, fragment or variant thereof that binds to any anti-spike antibody or antibody variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2}, including bacteria, fungi
{including vyeasts), plant, insect, mammal or other appropriate arumal cells or cell lines, as well
as transgenic animals or plants. A preferred host cell is a Chinese hamster ovary (CHO) cell.
Examples of bacterial host cells include, but are not limited to, gram-positive bacteria, such as
strains of Bacillus, for example, B. brevis or B. subtilis, Pseudomonas or Streptomyces, or gram-
negative bacteria, such as strains of 5. coli. The introduction of a vector into a bacterial host cell
can, for instance, be effected by protoplast transformation (see, for example, Chang et al., Molec,
Gen, Geney. 168 111-115 (1979Y), using competent cells (see, for example, Young etal, /. of
Bacteriofogy 81: 823-829 (1961), or Dubnau et al, J of Molec. Biol. 56: 209-221 (1971)),
electroporation {see, for exaruple, Shigekawa et al,, Biotechnigues &: 7T42-751 (1988)), or
conjugation {see, for example, Koehler et al, J of Bacteriology 169: 5771-S278 (1987)).

{8388]  Examples of suitable filamentous fungal host cells include, but are not limited to,
strains of Aspergiifus, for example, 4. oryzae, 4. niger, ovr A. nidulans, Fusarium or
Trichoderma. Fungal cells can be transformed by a process mvolving protoplast formation,
transformation of the protoplasts, and regeneration of the cell wall using techniques known to
those ordinarnily skifled in the art. Suitable procedures for transformation of Aspergilius host cells
are described in EP Patent Application No. 0 238 023 and U.S. Patent No. 5,679,543, Suitable
methods for transforming Fusarium species are described by Malardier et al,, Gene 78: 147-156
{1989}, and PCT International Application WO 96/00787. Yeast can be transformed using the
procedures described by Becker and Guarente, In Abelson, J. N, and Simon, M. 1, editors, Guide
to Yeast Genetics and Molecular Biology, Methods in Enzvmology 194: 182-187, Academic
Press, Inc., New York; lto etal, /. of Bacteriology 153: 163 (1983); and Hinnen et al,, PNAS
US4 751920 (1978).

18397 Examples of suitable yeast host cells include strains of Saccharomyces, for example, 5.

cerevisiae, Schizosaccharomyces, Kiyveromyces, Pichia, such as P. pastoris ot P. methanolica,
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Hansenula, such as H. pelymorpha or yarrowia. Methods for transforming yeast cells with
heterologous polynucleotides and producing heterslogous polypeptides therefrom are disclosed
by Clontech Laboratories, Inc, Pale Alto, Calif | USA (in the product protoco! for the
Yeastmaker ™ Yeast Tranformation System Kit), and by Reeves et al., FEMS Microbiology
Lerters 99: 193-198 (1992), Mantvasakam et al., Nucleic Acids Research 21: 4414-4415 {1993),
and Ganeva et al., FEMS Microbiclogy Letrers 121: 159-164 (1994},

18398}  Examples of suitable msect host cells include, but are not himited to, a Lepidopiora
cell line, such as Spodoptera frugiperda (SO or 821} or Trichoplusia wi cells (High Five) (see,
e.g., US Patent No 5,077 214). Transformation of insect cells and production of heterologous
polypeptides are well-known to those skilled in the art.

183991 Examples of suitable manumalian host cells include Chinese hamster ovary (CHO) cell
iines, simian {e.g., Green Monkey) cell lines (COS), mouse cells (for example, NS/O), baby
hamster kidney (BHK) cell lines, human cells {such as human embryonic kidney (HEK) cells
{e.g., HEK 293 celis (A T.C.C. Accession No. CRL-1573)), myeloma cells that do not otherwise
produce immunoglobulin protein, and plant cells in tissue culture. Preferably, the mammalian
host cells are CHO cell hines and/or HEK (e.g., HEK 293) cell lines. Another preferred host cell
13 the B3.2 cell ine {e.g., AbbVie, AbbVie Bioresearch Center, Worcester, Mass. ), or another
dibydrofolate reductase deficient (DHFR™) CHO cell line (e g, available from Invitrogen).
{8408  Methods for introducing exogenous polynucleotides 1oto mammalian host cells include
calcium phosphate-mediated transfection, electroporation, DEAE-dextran mediated transfection,
Hposome-mediated transfection, viral vectors and the transfection method described by Life
Technologies Ltd, Paistey, UK using Lipofectamine™ 2000. These methods are well-known in
the art and are described, for example, by Ausbel et al. (eds.), Current Protocols in Molecular
Bivlogy, John Wiley & Sons, New York, USA (1996). The cultivation of mammalian cells 15
conducted according to established methods, e.g., as disclosed m Jenkins, Ed., Animal Cell
Biotechnology, Methods and Protocols, Human Press Ine. Totowa, N.J, USA {1999), and
Harrison and Rae, General Technigues of Cell Cidture, Cambridge University Press (1997).
18481}  In the production methods, cells are cultivated in a nutrient medium suitable for
production of the (a) nucleccapsid protein, a fragment or variant thereof from a B-coronavirus
{such as SARS-CoV or SARS-CoV-2}; (b} spike protein, a fragment or variant thereof from a §-

coronavirus {such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment or variant thereof
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that binds to an anti-nucleocapsid antibody or antibody variant thereof from a P-coronavirus
{such as SARS-CoV or SARS-CoV-2}; and/or {d) any protein, fragment or variant thereof that
binds to any anti-spike antibody or antibody variant thereof from a B-coronavirus (such as
SARS-CoV or SARS-CoV-2) using methods known i the art. For example, cells are cultivated
by shake flask cultivation, small-scale or large-scale fermentation (including continuous, batch,
fed-batch, or solid state fermentations) in laboratory or industrial fermenters performed ina
suitable medium and under conditions allowing the {a} nucleocapsid protein, a fragment or
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2}; (b) spike protein, a
fragment or variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2}); (¢} any
protein, fragment or variant thereof that binds to an anti-nucleocapsid antibody or antibody
variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or (d) any
protein, fragment or variant thereof that binds to any anti-spike antibody or antibody variant
thereof from a B-coronavirus {such as SARS-CoV or SARS-CoV-2) to be expressed and/or
isolated. The cultivation takes place in a suitable nutrient medium comprising carben and
nitrogen sources and norganic salts, using procedures known in the art. Suitable media are
available from conunercial suppliers or can be prepared according to published compositions
{e.g., m catalogues of the American Type Culture Collection)}. If the (a) nucleocapsid protem, a
fragment or variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); (b)
spike protein, a fragment or variant thereof from a B-coronavirus {such as SARS-CoV or SARS-
CoV-2); {c) any protetn, fragment or variant thereof that binds to an anti-nucleocapsid antibody
or antibody variant thereof from a B-coronavirus (such as SARS-CoV or SARS-CoV-2); and/or
{dy any protein, fragment or vanant thereof that binds (o any anti-spike antibody or antibody
variant thereof from a P-coronavirus (such as SARS-CoV or SARS-CoV-2} 15 secreted into the
nutrient medium, it can be recovered divectly from the medium. If the truncated DBP (or fusion
protein thereof) or muotated truncated DBP (or fusion protein thereof) is not secreted, i can be
recovered from cell Iysates.

{8462f  The resulting (a) nucleccapsid protein, a fragment or vanant thereof from a B-
coronaviras (such as SARS-CoV or SARS-CoV-2}); (b} spike protein, a fragment or variant
thereof from a f-coronavirus (such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment or
variant thergof that binds to an anti-nucleocapsid antibody or antibody variant thereof from a B-

coronavirus {such as SARS-CoV or SARS-CoV-2); and/or (d) any protein, fragment or variant
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thereof that binds to any anti-spike antibody or antibody variant thereof from a B-coronavirus
{such as SARS-CoV or SARS-CoV-2) can be recovered by methods known in the art. For
example, the (a} nucleocapsid protein,a fragment or variant thereof from a B-coronavirus {(such as
SARS-CoV or SARS-CoV-2); (b} spike protein, a fragment or variant thereof from a -
coronaviras (such as SARS-CoV or SARS-LCoV-2); (¢} any protein, fragment or variant thereof
that binds to an anti-nucleccapsid antibody or antibody variant thereof from a f~coronavirus
(such as SARS-CoV or SARS-CoV-2); and/or {d} any protein, fragment or variant thereof that
binds to any anti-spike antibody or antihody vanant thereof from a B-coronavirus (such as
SARS-CoV or SARS-CoV-2) an be recovered from the nutrient medium by conventional
procedures including, but not limited to, centrifugation, filtration, extraction, spray drying,
evaporation, or precipitation.

{8483}  The (a) nucleocapsid protein, a fragment or variant thereof from a B-coronavirus (such
as SARS-CoV or SARS-CoV-2}; (b) spike protein, a fragment or variant thereof from a p-
coronavirus {such as SARS-CoV or SARS-CoV-2); (¢} any protein, fragment or variant thereof
that binds to an anti-nucleocapsid antibody or antibody varant thereof from a B-coronavirus
{such as SARS-CoV or SARS-CoV-2); and/or {d) any protein, fragment or variant thereof that
binds o any anti-spike antibody or antibody varniant thereof from a P-coronavirus (such as
SARS-CoV or SARS-CoV-2) can be purified by a variety of procedures known in the art
including, but vot fvmited to, chromatography {such as, but not inuted to, 1on exchange, affinity,
hydrophobic, chromatofocusing, and size exclusion), electrophoretic procedures {such as, but not
fimited to, preparative isoelectric focusimg), differential solubility (such as, but not limited to,
ammoniun sulfate precipitation), SDS-PAGE, or extraction (see, for example, Janson and
Ryden, editors, Protein Purification, VCH Publishers, New York {1989)). In some aspects, the
purification can be done in CHO and/or HEK cells using routine techniques known in the art. In
other aspects, when purifying the RBD of spike, any monomeric RBD can be separated from any
chromatography, gel fitration chromatography, ion-exchange chromatography, high-pressure
liquid chromatography, etc. In some aspects, the purification is done using immeobilized metal
affinity chromatography (IMAC, such as, for example, as described in “Block et al., “Chapter
27 Immobilized-Metal Affinity Chromatography (IPAC) A Review”, Metheds in Enzymology,
403:439-473 (2009) and Spriestersbach et al., “Chapter One — Purification of His-Tagged
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Proteins”, Methods in Enzymology, 559.1-15 (2015), the contents of which are herein
meorporated by reference.

b. Auntibodies
[8484]  Antibodies may be prepared by any of a variety of techniques, including those well
known to those skilled in the art. In general, antibodigs can be produced by cell culture
techniques, including the generation of monoclonal antibodies via conventional techniques, or
via transfection of antibody genes, heavy chamns, and/or light chains into suitable bacterial or
mammalian cell hosts, to allow for the production of antibodies, wherein the antibodies may be
recombinant. The various forms of the term “transfection” are intended to encompass a wide
variety of techniques commonly used for the introduction of exogenous DNA into a prokaryotic
or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation, DEAE-dextran
transfection and the like. Although it 1s possible to express the antibodies in etther prokaryotic
or eukaryotic host cells, expression of antibodies in eukaryotic cells s preferable, and most
preferable in mammalian host cells, because such eukaryotic cells {and in particular mammalian
cells) are more likely than prokaryotic cells to assemble and secrete a properly folded and
mmmunoelogically active antibody.
{84858] Exemplary maromalian host cells for expressing the recombinant antibodies include
Chinese Hamster Ovary (CHO cells) (including dhir-CHO cells, described in Urlaub and Chasin,
Proc. Natl, Acad. Sci. USA, 77, 4216-4220 (1980}), used with a DHFR selectable marker, e.g., as
described in Kaufan and Sharp, J Mol Biol, 159 601-621 (1982}, NSO myeloma cells, COS
cells, and SP2 cells. When recombinant sxpression vectors encoding antibody genes arg
miroduced mnto mammahian host cells, the antibodies are produced by culturing the host cells for
a period of time sufficient to allow for expression of the antibody in the host cells or, more
preferably, secretion of the antibody into the culture medium m which the host cells are grown.
Autibodies can be recovered from the culture medium using standard protein purification
methods. In some aspects, the purification of the antibodies can be done 1 CHO and/or HEK
cells using routine techniques known in the art.
{8486}  Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. It will be understood that variations on the above procedure may
be performed. For example, it may be desirable to transfect a host cell with DNA encoding

functional fragments of either the hght chain and/or the heavy chain of an antibody.
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Recombinant DNA technology may also be used to remove some, or all, of the DNA encoding
either or both of the light and heavy chains that is not necessary for binding to the antigens of
interest. The molecules expressed from such truncated DNA molecules are also encompassed by
the antibodies. ln addition, bifunctional antibodies may be produced in which one heavy and one
fight chain are an antibody {(i.e, binds to one or more epitopes on a B-coronavirus {such as
SARS-CoV or SARS-CoV-2), such as SARS-CoV or SARS-CoV-2) and the other heavy and
fight chain are specific for an antigen other than a2 human B-coronavirus {such as SARS-CoV or
SARS-CoV-2), such as SARS-CoV or SARS-CoV-2) by crosslinking an antibody to a second
anttbody by standard chemuical crosslinking methods.

{9407}  In a preferred system for recombinant expression of an antibody, or antigen-binding
portion thereof, a recombinant expression vector encoding both the antibody heavy chain and the
antibody light chaim is introduced into dhfr-CHO cells by calcium phosphate-mediated
transfection. Within the recombinant expression vector, the antibedy heavy and light chain
genes are each operatively linked to CMY enhancer/ AdMLP promoter regulatory elements to
drive high levels of transcription of the genes. The recombinant expression vector also carries a
DHFR gene, which allows for selection of CHO cells that have been transfected with the vector
using methotrexate selection/amplhification. The selected transformant host cells are cultured to
allow for expression of the antibody heavy and light chains and intact antibody 15 recovered from
the culture medium. Standard molecular biology techniques are used to prepare the recombnant
expression vector, transfect the host cells, select for transformants, culture the host cells, and
recover the antibody from the culture medium. Still further, the method of synthesizing a
recombinant antibody may be by culturing a host cell in a suitable culture mediom until a
recombinant antibody is synthesized. The method can further comprise isolating the
recombinant antibody from the culture mediom.

[8408]  Methods of preparing monoclonal antibodies involve the preparation of mmmortal cell
ines capable of producing antibodies having the desired specificity. Such cell hnes may be
produced from spleen cells obtained from an immunized animal. The animal may be immunized
with B-coronavirus, such as SARS-CoV or SARS-CoV-2) or a fragment (e.g., such as from the
nucleocapsid and/or spike proteins) and/or variant thereof. The peptide used to immumnize the
animal may comprise amino acids encoding human Fe, for example the fragment erystallizable

region or tail region of human antibody. The spleen cells may then be immortalized by, for
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example, fusion with a myeloma cell fusion partner. A variety of fusion techniques may be
emploved. For example, the spleen cells and myeloma cells may be combined with a nonionic
detergent for a few minutes and then plated at fow density on a selective medium that supports
that growth of hybrid cells, but not myeloma cells. One such technique uses hypoxanthine,
aminopterin, thymidine {(HA'T) selection. Another technique includes electrofusion. Aftera
sufficient time, usually about 1 to 2 weeks, colomes of hybrids are observed. Single colonies are
selected and their culture supernatants tested for binding activity agamnst the polypeptide.
Hybridomas having high reactivity and specificity may be used.

18489  Monoclonal antibodies may be isolated from the supernatanis of growing hybridoma
colonies. In addition, various techniques may be employed to enhance the yield, such as
injection of the hybridoma cell line into the peritoneal cavity of a suitable vertebrate host, such
as a mouse. Monoclonal antibodies may then be harvested from the ascites fluid or the blood.
Contaminants may be removed from the antibodies by conventional techniques, such as
chromatography, gel filtration, precipitation, and extraction. Affinity chromatography 1s an
example of a method that can be used m a process to purify the antibodies.

{8418}  The proteolytic enzyme papain preferentially cleaves 1gGG molecules to yield several
fragments, two of which {the F{ab) fragments) each comprise a covalent heterodimer that
meludes an intact antigen-binding site. The enzyme pepsin 1s able to cleave IgG molecules to
provide several fragments, including the F{ab ) fragment, which comprises both antigen-binding
aites.

{84311  The Fv fragment can be produced by preferential proteolyiic cleavage of an IgM, and
on rare occasions 1gG or IgA immunogiobulin molecules. The Fv fragment may be denived
using recombinant techniques. The Fv fragment includes a non-covalent VH: VL heterodimer
mchuding an antigen-binding site that retains much of the antigen recognition and binding
capabilities of the native antibody molecule.

{8412}  The antibody, antibody fragment, or derivative may comprise a heavy chain and a light
chain complementarity determining region (“CDR”) set, respectively interposed between a heavy
chain and a light chain framework (“FR”) set which provide support to the CDRs and define the
spatial relationship of the CDRS relative to each other. The CDR set may contain three

hypervariable regions of a heavy or light chain V region.
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18413}  Other suitable methods of producing or isolating antibodies of the requisite specificity
can be used, including, but not limited to, methods that select recombinant antibody from a
peptide or protein library {e.g., but not limited to, a bacteriophage, ribosome, oligonuclestide,
RNA, cDNA, yeast or the like, display library}; e.g., as available from varions commercial
vendors such as Cambridge Antibody Technologies (Cambridgeshire, UK}, MorphoSys
{Martinsreid/Planegg, Del ), Biovation {Aberdeen, Scotland, UK) Biolnvent (Lund, Sweden},
using methods known i the art. See U.S. Patent Nos. 4,704,692; 5,723,323; 5,763,192,

5,814, 476; 5,817 483; 5,824,514; 5,976,862, Alternative methods rely upon immunization of
transgenic animals {e.g., SCID mice, Nouyen et al. (1997) Microbiol. immunol, 41:901-907,;
Sandhu et al.,Crit. Rev. Hiotechnol 16:95-118 (1996); Eren et al, Immunol. 93:154-161 {1998))
that are capable of producing a repertoire of human antibodies, as known in the art and/or as
described herein. Such techniques, include, but are not limuted to, ribosome display (Hanes et al.
Proc. Natl Acad. Sci. US4, 94:4937-4942 (1997}, Hanes et al., Proc. Natl. Acad. Sci. USA,
95:14130-14135 (1998)); single cell antibody producing technologies (e.g., selected lymphocyte
anttbody method ("SLAM”} (U.S. Patent No. 5,627,052, Wen et al, J. Inununol. 17.887-892
{1987; Babcook et al, Proc. Natl, Acad. Sci. US4 93:7843-7848 (1996)}; gel microdroplet and
flow cytometry (Powell et al., Biotechnof.. 8:333-337 (1990}; One Cell Systems, (Cambridge,
Mass).; Gray et al, J. Imm. Meth.. 182:155-163 {(1995); Kenoy et al, Bio/Technol , 13.787-790)
{1995); B-cell selection {Steenbakkers et al, Molec. Biol. Reporis 19:125-134 {1994)).

184141  An affinity matured antibody may be produced by any one of a mumber of procedures
that are known 1 the art. For example, see Marks et al., BioTechnology, 10: 779-783 (1992}
describes affimity maturation by VH and VL domamn shoffling. Random mutagenesis of CBR
and/or framework residues 1s deseribed by Barbas et al., Proc. Nat. Acad. Sci. T/S4, 1. 3809~
3813 (1994); Schuer et al., Gene, 169 147-155 (1995}, Yelton ei al., J. lmmunol, 155 1994~
2004 (1995}, Jackson et al., J fmanmol | 154(7). 3310-3319 (1993); Hawkins et al., J Mol Biol |
226: 889-896 (1992}, Selective mutation at selective mutagenesis positions and at contact or
hypermutation positions with an activity enhancing aming acid residue is described i ULS.
Patent No. 6,914 128 B1.

{8415]  Antibody variants can also be prepared using delivering a polynucleotide encoding an
antibody to a suitable host such as to provide transgenic animals or mammals, such as goats,

cows, horses, sheep, and the like, that produce such antibodies in their milk. These methods are
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known in the art and are described for example in U8, Patent Nos. 5,827,690, 5,849,992;
4873316, 5,849,002 5004 616, 5,565,362; and 5,304,480,

{8416}  Antibody variants also can be prepared by delivering a polynucleotide to provide
transgenic plants and cultured plant cells (e.g., but not limited to tobacco, maize, and duckweed)
that produce such antibodies, specified portions or variants in the plant parts or in cells cultured
therefrom. For example, Cramer et al. ,Curr. Top. Microbiol. Immunol 240:95-118 {1999) and
references cited therein, describe the production of transgenic tobacco leaves expressing large
amounts of recombinant proteins, e.g , using an inducible promoter. Transgenic maize have been
used to express mammalian proteins at commercial production levels, with biological activities
equivalent to those produced in other recombinant systems or purified from natural sources. See,
e.p., Hood etal | Adv. Exp. Med. Biol | 464:127-147 {1999} and references cited therein.
Antibody variants have also been produced in large amounis from transgenic plant seeds
meluding antibody fragments, such as single chain antibodies (scFv's), including tobacco seeds
and potato tubers. See, e.g., Conrad et al, Plany Mol Biol 38:101-10% (1998} and reference
cited therein. Thus, antibodies can also be produced using transgenic plants, according to known
methods.

{84171 Antibody detivatives can be produced, for exaruple, by adding exogenous sequences to
modify immunogenicity or reduce, enhance or modify binding, affinity, on-rate, off-rate, avidity,
specificity, half-life, or any other sutable characteristic. Generally, part or all of the non-human
or human CDR sequences are maintained while the non-human sequences of the vanable and
constant regions are replaced with human or other amine acids.

{84181 Small antibody fragments may be diabodies having two antigen-binding sites, wherein
fragments comprise a heavy chan vaniable domain (VH) counected to a light chain vanable
domamn (VL) in the same polypeptide chain {(VH VL), See for example, EP 404,097, WO
93/11161; and Hollinger et al.,, Proc. Nail. Acad. Sci. US4 90:6444-6448 (1993). By using a
finker that 15 too short to allow pamring between the two domains on the same chain, the domains
are forced to pair with the complementary domains of another chain and create two antigen-
binding sites. See also, 1.8, Patent No. 6,632,926 which is hereby incorporated by reference in
its entirety and discloses antibody varianis that have one or more aming acids mserted into a
hypervariable region of the parent antibody and a binding affinity for a target antigen which 1s at

jeast about two fold stronger than the binding affinity of the parent antibody for the antigen.
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18419}  The antibody may be a linear antibody. The procedure for making a limear antibody is
known in the art and described in Zapata et al., Profein £ng. 8(1031057-1062 {(1995). Briefly,
these antibodies comprise a pair of tandem Fd segments (VH-CHI-VH-CH1) which form a pair
of antigen binding regions. Linear antibodies can be bispecific or monospecific.

{9428}  The antibodies may be recovered and purified from recombinant cell cultures by
known methods including, but not limited to, protein A purification, ammonium sulfate or
ethanol precipitation, acid extraction, anmon or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction chromatography, affinity
chromatography, hvdroxylapatite chromatography and lectin chromatography. High
performance hiquid chromatography (“HPLC”) can also be used for purification.

{84211 1t may be useful to detectably label the antibody. Methods for conjugating antibodies
to these agents are known in the art. For the purpose of dlusiration only, anttbodies can be
iabeled with a detectable moiety such as a radicactive atom, a chromophore, a fluorophore, or the
like. Such labeled antibodies can be used for diagnostic techniques, etther in vivo, or inan
isolated test sample. They can be linked to a cytokine, to a igand, to another antibody. Suitable
agents for coupling to antibodies to achieve an anti-tumor effect include cyiokines, such as
iterleukin 2 (T1-2) and Toumor Necrosis Factor (TNF); photosensitizers, for use in
photodynanuc therapy, ncluding aluminum (1) phthalocyanine tetrasuifonate,
hematoporphyrin, and phthalocyanine; radionuchides, such as iodine-131 (1311, yitrium-90
(90Y), bismuth-212 (21281), bismuth-213 (213Bi), technetium-99m (99mTe), thenum-186
{186Re}, and rhemum-188 {188Re); antibiotics, such as doxorubicin, adnamycin, daunorubicin,
methotrexate, daunomycin, neocarzinestatin, and carboplatin; bacterial, plant, and other toxans,
such as diphtheria toxin, pseudomonas exotoxin A, staphylococcal enterotoxan A, abrin-A toxin,
ricin A {deglycosylated ricin A and native ticin A), TGF-alpha toxan, eytotoxan from chinese
cobra {naja naja atra), and gelomn (a plant toxin}; ribosome mactivating proteins from plants,
bacteria and fungi, such as restrictocin {a ribosome nactivating protein produced by Aspergilius
restrictus), saporin {(a ribosome inactivating protein from Saponarnia officinalis), and RNase;
tyrosine kinase inhibitors; ly207702 (a difluerinated purine nucleoside}; liposomes containing
antt cystic agents {e.g., antisense oligonucleotides, plasmids which encode for toxins,

methotrexate, eic.}; and other antibodies or antibody fragments, such as F{ab).
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18422}  Antibody production via the use of hybridoma technology, the selected lymphocyte
antibody method (SLAM), transgenic animals, and recombinant antibody Hbraries s described in
more detail below.

Monoclonal Antibodies Using Hybridoma Technology
{84231  Monoclonal antibodies can be prepared using a wide variety of technigues known in
the art including the use of hybridoma, recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodigs can be produced using hybridoma
technigues including those known in the art and taught, for example, in Harlow ef g/,
Antibodies: 4 Laboratory Manual, second edition, (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, 1988, Hammerling, ef @l , in Monoclonal Antibodies and T-Cell Hvbridomas,
{Elsevier, N.Y., 1981). It 15 also noted that the term “monoclonal antibody” as used herein 1s not
limited to antibodies produced through hybridoma technology. The term “monoclonal antibody”™
refers to an antibody that is derived from a single clone, including any eukaryotic, prokaryotic, or
phage clone, and not the method by which it s produced.
{8434]  Methods of generating monoclonal antibodies as well as antibodies produced by the
method may comprise culturing a hybridoma cell secreting an antibody wherein, preferably, the
hybridoma s generated by fusing splenocytes isolated from an anmimal, e.g., a rat or a mouse,
mmunized with a B-coronavirus, such as SARS-CoV or SARS-CoV-2 {e.g., such as a human,
mouse, rat, rabbit SARS-CoVor SARS-CoV-2), or a fragment or vanant thereof (collectively
referred o as a “P-coronavirus antigen”) with myeloma cells and then screening the hvbridomas
resulting from the fusion for hvbridoma clones that secrete an antibody able to bind a
polypeptide. Briefly, rats can be immunized with a B-coronavirus {such as SARS-CoV or
SARS-CoV-2) antigen. Ina preferred embodiment, the B-coronavirus (sach as SARS-CoV or
SARS-CoV-2} antigen s administered with an adjuvant to stimuolate the ummune response. Such
adjovants inchude cormplete or incomplete Freund's adjuvant, RIBI (muramy! dipeptides) or
ISCOM (immunostimulating complexes). Such adjuvants may protect the polypeptide from
rapd dispersal by sequestering 1t in 3 local deposit, or they may contain substances that stimulate
the host to secrete factors that are chemotactic for macrophages and other components of the
mmmune system. Preferably, if a polypeptide 15 being administered, the immunization schedule
will mvolve two or more adminusirations of the polypeptide, spread out over several weeks;

however, a single administration of the polypeptide may also be used.
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184258} After immunization of an animal with a B-coronavirus (such as SARS-CoV or SARS-
CoV-2) antigen, antthodies and/or antibody-producing cells may be obtained from the animal
An anti- B-coronavirus (such as SARS-CoV or SARS-CoV-2) antibody-containing seram is
obtained from the animal by bleeding or sacrificing the animal. The serum may be used as 1t is
obtained from the animal, an immunoglobulin fraction may be obtained from the serum, or the
anti-B-coronavirus antibodies may be purified from the serum. Serum or immunoglobulins
obtained in this manner are polyclonal, thus having a heterogeneous array of properties.

{6436}  Once an immmune response is detected, e.g., antibodies specific for the antigen 3~
coronavirus {such as SARS-CoV or SARS-CoV-2} are detected in the rat serum, the rat spleen is
harvested and splenocytes isolated. The splenocytes are then fused by well-known techniques to
any suitable myeloma cells, for example, cells from cell line SP20 available from the American
Type Culture Collection (ATCC, Manassas, Va,, US). Hybridomas are selected and cloned by
Iimited dilution. The hybridoma clones are then assayed by methods known in the art for cells
that secrete antibodies capable of binding to a B-coronavirus (such as, for example, SARS-CoV
or SARS-CoV-2). Ascites fluid, which generally contains high levels of antibodies, can be
generated by imrounizing rats with positive hybridoma clones.

{84271 In another embodiment, antibody-producing immortalized hybridomas may be
prepared from the immunized animal. After immunization, the animal is sacrificed and the
splenic B cells are fused to immontalized myeloma cells as 15 well known in the art. See, e.g,,
Harlow and Lane, supra. In a preferred embodiment, the myeloma cells do not secrete
mmmunoglobulin polypeptides (a non-secretory cell line). After fusion and antibiotic selection,
the hybridomas are screened using a B~coronavirus (such as SARS-CoV or SARS-CoV-2}, or a
portion thereof, or a cell expressing a B-coronavirus (such as SARS-CoV or SARS-CoV-2) or
portion thereof. In a preferred embodiment, the imtial screening is performed using an enzyme-
fuked immunosorbent assay {ELISA) or a radioimmunoassay (RIA}), preferably an ELISA. An
example of ELISA screening is provided PCT International Application W 00/37504.

{6428}  P-coronavirus antibody-producing hybridomas are selected, cloned, and further
screened for desirable characteristics, including robust hvbridoma growth, high antibody
production, and desirable antibody charactenistics. Hybridomas may be cultured and expanded

in vivo 1n syngeneic animals, in animals that lack an immune system, e.g, nude mice, or in cell
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culture i virre. Methods of selecting, cloning and expanding hybridomas are well known to

those of ordinary skill in the art.
18428} In a preferred embodiment, hybridomas are rat hybridomas. In another embodiment,
hybridomas are produced in a non-human, non-rat species such as mice, sheep, pigs, goats,
cattle, or horses. In yet another preferred embodiment, the hybridomas are human hybrnidomas,
m which a human non-secretory myeloma is fused with a human cell expressing an anti-f-
coronavirys antibody.
{6438  Anubody fragments that recognize specific epitopes may be generated by known
technigues. For example, Fab and F{ab'}» fragments may be produced by proteolviic cleavage of
mmunoglobulin molecules, using enzymes such as papain (o produce two identical Fab
fragments} or pepsin (to produce an F{ab') fragment). A Fab'y fragment of an IgG molecule
retains the two antigen-binding sites of the larger ("parent”} 1eG molecule, including both light
chains {containing the variable light chain and constant light chain regions), the CH1 domains of
the heavy chains, and a disulfide-forming hinge region of the parent IoG molecule. Accordingly,
an F{ab'): fragment 1s still capable of crosshinking antigen molecules like the parent IgG
molecule.

Monoclonal Antibodies Using SLAM
{8431}  In another aspect, recombinant antibodies are generated from single, 1solated
iyvmphocytes using a procedure referred to in the art as the selected lymphocyte antibody method
{SLAM), as described n U.S. Patent No. 3,627,052; PCT International Application WO
92/02551; and Babeook et al., Proc. Na#l. Acad. Sci. USA, 93: 7843-7848 (1996). In this method,
single cells secreting antibodies of interest, e.g., lyrophocytes detived from any one of the
mmunized animals are screened using an antigen-specific hemolytic plaque assay, wherein the
B-coronavirus (such as SARS-CoV or SARS-CoV-2) antigen 15 coupled to sheep red blood cells
using a hinker, such as biotin, and used to identify single cells that secrete antibodies with
specificity for a B-coronavirus {such as SARS-CoV or SARS-CoV-2}. Following identification
of antibody-secreting cells of interest, heavy- and hght-chain variable region ¢DNAs are rescued
from the cells by reverse transcriptase~-PCR (RT-PCR) and these variable regions can then be
expressed, in the context of appropriate immunoglobulin constant regions {e.g., human constant
regions), in mammalian host cells, such as COS or CHO cells. The host cells transfected with

the amplified immunogiobulin sequences, derived from in vivo selected lvmphocyies, can then
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undergo further analysis and selection in vitro, for example, by panning the transfected cells to
isolate cells expressing antibodies to a B-coronavirus (such as SARS-CoV or SARS-CoV-2}.
The amplified immunoglobulin sequences further can be manipulated in vitro, such as by m vitro
affinity maturation method. See, for example, PCT International Application WO 97/29131 and
PCT International Application WG 00/56772.

Meonaclonal Antibodies Using Transgenic Animals
{8432]  In another embodiment, antibodies are produced by immunizing a non-human animal
comprising some, of all, of the human immunoglobulin locus with a B-corenavirus (such as
SARS-CoV or SARS-CoV-2) antigen. In an embodiment, the non-human animal is a
XENOMOUSE® transgenic mouse, an engineered mouse strain that comprises large fragments
of the human immunoglobulin loci and 15 deficient in mouse antibody production. See, e.g.,
Green et ab., Nature Genetics, 7. 13-21 (1994} and U S, Patent Nos. 5,916,771; 5,939,598,
5,985,615; 5,998 209; 6,073,181; 6,091,001, 6,114,598; and 6,130,364, See also. PCT
International Application Nos. WO 91/10741; WO 94/02602; WO 96/34096; WO 96/3373S, WO
98/16654; WO 98/24893; WO 98/50433; WO 99/45031; WO 99/53049; WO 00/09560; and WO
00/37504. The XENOMOUSE® transgenic mouse produces an adult-like human repertoire of
fully human antibodies, and generates antigen-specific human monoclonal antibodies. The
XENOMOUSE® transgenic mouse contains approximately 80% of the human antibody
repertoire through introduction of megabase sized, germline configuration YAC fragments of the
human heavy chain loct and x light chain loci. See Mendez et al,, Nature Generics, 15 146-156
{19973, Green and Jakobovits, J. Fxp. Med | 188 483-495 (1998), the disclosures of which are
hereby incorporated by reference.

Moneclonal Antibodies Using Recombinant Antibody Libraries
{84331 /» vitro methods also can be used to make the antibodies, wherein an antibody hibrary
13 scregned to identify an antibody having the desired B-coronavirus {such as SARS-CoV or
SARS-CoV-2)-binding specificity. Methods for such screening of recombinant antibody libraries
are well known in the art and include methods described in, for example, U8, Patent No.
5,223,409 ; PCT International Apphcation Nos. W 92/18619 , W 91/17271 , W( 92/20791 |
WO 92/15679, WO 93/01288 , W0 92/01047 , WO 92/09690 ; Fuchs et al., Bio/Technology, 9
1369-1372 (1991, Hay et al,, Hum. Antibod. Hybridomas, 3. 81-85 (1992}, Huse et al., Scieace,

2460 1275-1281 (1989); McCafferty et al., Narre, 348: 552-554 (1990, Griffiths et al., EMBO
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A, 120 725-734 (1993); Hawkins et al, J. Mol Biol, 226; 889-896 (1992); Clackson et al,,
Nature, 352: 624-028 (1991}, Gram et al., Proc. Natl. Acad. Sci. US4, 89: 3576-3580 (1992);
Garrard et al., Rio/Techmology, 9. 1373-1377 (1991}, Hoogenboom et al., Nucl. Acids Res. 19
4133-4137 (1991); Barbas et al, Proc. Natl. Acad. Sci. USA, 88 7978-7982 (1991); U.S. Patent
Application Publication No. 2003/0186374; and PCT International Application WO 97/29131,
the contents of each of which are incorporated herein by reference.

{8434}  The recombinant antibody library may be from a sulyect immunized with a §-
coronavirus {such as SARS-CoV or SARS-CoV-2) antigen. Alternatively, the recombinant
antibody library may be from a naive subject, 1.e., one who has not been immunized with a §-
coronavirus {such as SARS-CoV or SARS-CoV-2) antigen, such as a human antibady library
from a human subject who has not been immunized with a human B-coronavirus (such as SARS-
CoV or SARS-CoV-2) antigen. Antibodies are selected by screening the recombinant antibody
iibrary with the peptide comprising human B-coronavirus {such as SARS-CoV or SARS-CoV-2)
or fragment thereof to thereby select those antibodies that recognize the B-coronavirus {e.g..
SARS-CoV or SARS-CoV-2) of interest. Methods for conducting such screening and selection
are well known in the art, such as described in the references in the preceding paragraph. To
select antibodies having particular binding affintties, the art-known method of surface plasmon
resonance can be used to select antibodies having the desired Ko rate constant. To select
anttbodies having a particular neutralizing activity for a B-coronavirus, such as SARS-CoV or
SARS-CoV-2, such as those with a particular s, standard methods known 1n the art for
assessing the mhibition of f-coronavirus (such as SARS-CoV or SARS-CoV-2) activity may be
used.

{84358]  In one aspect, the disclosure pertains to an isolated antibody, or an antigen-binding
portion thereof, that binds to an anti~species g (e.g., anti-homan-1gG 1gG), anti-species IgM
{e.g., anti-human-IgM 1gG) and/or anti-species IgG (e g, anti-homan~-Ig(G 1gG) or IgM antibody.
In various embodiments, the antibody 15 a recombimant antibody or a monoclonal antibody.
Methods for making anti-species antibodies, such as anti-species Ig(3 {e.g., anti-human-tgG IgG}
and/or 1gM antibodies are well known in the art.

{8436]  For example, antibodies can also be generated using various phage display methods
known in the art. In phage display methods, functional antibody domains are displaved on the

surface of phage particles which carry the polynucleotide sequences encoding them. Such phage
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can be utilized to display antigen-binding domains expressed from a repertoire or combinatorial
anttbody bibrary {e.g., human or muring). Phage expressing an antigen binding domain that binds
the antigen of interest can be selected or identified with antigen, e.g., using labeled antigen or
antigen bound or capiured io a solid surface or bead. Phage used in these methods are typically
filamentous phage including £d and M13 binding domains expressed from phage with Fab, Fv, or
disulfide stabilized Fv antibody domains recombinantly fused to either the phage gene i or gene
VI protein. Examples of phage display methods that can be used to make the antibodies include
those disclosed in Brinkmann et al, J Immunol. Methods, 182 41-50 (1998); Ames etal., J.
Immunol Methods, 184:177-186 (1995); Kettleborough et al., Fur. J. fmmunol | 24: 952-958
{1994); Persic et al., Gene, 187 9-18 (1997}, Burton et al., Advances in fmmunology, 57. 191-
280 (1994y; PCT International Application Nos. WO 92/01047, WO 90/02809, WO 91/10737,
WO 92/01047, WO 92/18619, WO 93/11236, WO 95/15982, WO 95/20401, and U.S. Patent
Nos. 5,698,426, 5,223 409, 5,403 484, 5,580,717, 5,427,908, 5,750,753, 5,821,047, 5,571,698,

5427908 5,516,637, 5,780,225, 5,658,727, 5,733,743, and 5,969,108,

{84371  As described m the above references, after phage selection, the antibody coding
regions from the phage can be isolated and used to generate whole antibodies including human
antibodies or any other desired antigen binding fragment, and expressed o any desired host,
mecluding mammahan cells, insect cells, plant cells, yeast, and bacteria, e.g., as described in
detail below. For example, techrniques to recombinantly produce Fab, Fab', and F{ab') fragments
can also be employed using methods known in the art such as those disclosed in WO 92/22324;
Mullinax et al., BioTechniques, 12(6); 864-869 {1992}, Sawai et al., Am. J. Reprod. Immunol.,
34: 26-34 (1995}, and Better et al, Science, 240: 1041-1043 (1988). Examples of techniques
which can be used to produce single-chain Fyvs and antibodies include those described n U,
Patent Nos. 4,946,778 and 5,258,498, Huston et al., Methods n Enzymology, 203 46-88 (1991);
Shu et al, Proc. Natl. Acad. Sci. USA, 90: 7995-7999 (1993}; and Skerra et al, Science, 240
1038-1041 (1988}

{6438  Aliernative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied to the
identification of antibodies. One type of alternative expression system is one in which the
recombinant anttbody library is expressed as RNA-protein fusions, as described in PCT

International Application WO 98/31700 (Szostak and Roberts), and in Roberts and Szostak,
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Proc. Natl. Acad. Sci. US4, 94: 12297-12302 (1997). In this system, a covalent fusion is created
between an mRNA and the peptide or protein that it encodes by i vitro translation of synthetic
mRNAs that carry puromycin, a peptidyvl acceptor antibiotic, at their 3' end. Thus, a specific
mRNA can be enriched from a complex muxture of mRNAs {e.g., a combinatorial library) based
on the properties of the encoded peptide or protein, ¢.g., antibody, or portion thereof, such as
binding of the antibody, or portion thereof, to the dual specificity antigen. Nucleic acid
sequences encoding antibodies, or portions thereof, recovered from screening of such libraries
can be expressed by recombinant means as described above (e.g., in mammalian host cells) and,
moreover, can be subjected to further affiuty maturation by either additional rounds of screening
of mRNA-peptide fusions in which mutations have been introduced into the originally selected
sequence(s), or by other methods for affinity maturation in vitro of recombinant antibodies, as
described above. A preferred example of this methodology 15 PROfusion display technology.
18439}  In another approach, the antibodies can also be generated using veast display methods
known in the art. In veast display methods, genetic methods are used to tether antibody domains
to the yeast cell wall and display them on the surface of yeast. In particular, such veast can be
utilized to display antigen-binding domains expressed from a repertoire or combinatorial
antibody hibrary {e. g, human or murine). Examples of yeast display methods that can be used to
make the antibodies include those disclosed in U8, Patent No. 6,699,658 incorporated herein by

reference.
FProduction of Recombinant Antibodies

{84481  Antibodies may be produced by any of a number of techniques known in the art. For
example, expression from host cells, wherein expression vector(s} encoding the heavy and hight
chains is {are) transfected into a host cell by standard technigues. The various forms of the term
“transfection” are intended to encompass a wide variety of techniques commonly used for the
mtroduction of exogencus DNA into a prokaryotic or eskaryotic host cell, e.g, electroporation,
calcium-phosphate precipitation, DEAE-dextran transfection, and the hike. Althoughitis
possible to express the antibodies m either prokaryotic or eukaryotic host cells, expression of
antibodies in eukaryotic cells 15 preferable, and most preferable in mammalian host cells,
because such eukaryotic cells (and in particular mammalian cells} are more likely than

prokaryvotic cells to assemble and secrete a properly folded and immunclogically active antibody.

197



WO 2021/211332 PCT/US2021/026149

{8443}  Exemplary mammalian host cells for expressing the recombinant antibodies include
Chinese Hamster Ovary (CHO cells) {including dhfr-CHO cells, described in Urlaub and Chasin,
Proc. Natl. Acad. Sci. US4, 77 4216-4220 (1980}, used with a DHFR selectable marker, e g, as
described in Kaufman and Sharp, J. Mol Biol., 159 601-621 {1982}, NSO myeloma cells, COS
cells, and SP2 cells. When recombinant expression vectors encoding antibody genes are
mtroduced into mammalian host cells, the aniibodies are produced by culturing the host cells for
a period of time sufficient to allow for expression of the antibody in the host cells or, more
preferably, secretion of the antibody into the culture medium in which the host cells are grown.
Antibodies can be recovered from the culture medium using standard protein purification
methods. In some aspects, the antibodies can be purified in CHO and/or HEK cells using routine
technigues known in the art.

{84431  Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. 1t will be understood that vanations on the above procedure may
be performed. For example, it may be desirable to transfect a host cell with DNA encoding
functional fragments of either the hight chain and/or the heavy chain of an antihody.
Recombinant DNA techuology muay also be used to remove some, or all, of the DNA encoding
either or both of the hight and heavy chains that is not necessary for binding to the antigens of
mterest. The molecules expressed from such truncated DNA molecules are also encompassed by
the antibodies. Tn addition, bifunctional antibodies may be produced in which one heavy and one
fight chain are an antibody (i.e., binds to an 1gG antibody, IgM antibody and/or 1gG or IgM
anttbody) and the other heavy and light chain are specific for an antigen other than an IgG
antibody, IgM antibody and/or an Ig( and IgM antibody by crosslinking an antibody 1o a second
anttbody by standard chemical crosslinking methods.

{34431 In a preferred system for recombinant expression of an antibody, or antigen-binding
portion thereof, a recombinant expression vector encoding both the antibody heavy cham and the
antibody light chamn is mntroduced nto dhfr-CHO cells by calciom phosphate-mediated
transfection. Within the recombinant expression vector, the antibody heavy and light chain
genes are each operatively linked to CMV enhancer/AdMLP promoter regulatory elements to
drive high levels of transcription of the genes. The recombinant expression vector also carries a
DHFR gene, which allows for selection of CHO cells that have been transfected with the vector

using methotrexate selection/amplification. The selected transformant host cells are cultured to
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allow for expression of the antibody heavy and light chains and intact antibody 13 recovered from
the culture medium. Standard molecular biology techniques are used to prepare the recombinant
expression vector, iransfect the host cells, select for transformants, culture the host cells, and
recover the antibody from the cuiture medium. Stili further, the disciosure provides a method of
synthesizing a recombinant antibody by culturing a host cell in a suitable culture mediom until a
recombinant antibody is synthesized. The method can further comprise isolating the
recombinant antibody from the culture medium.

Humanized Antibody
{8444]  The humanized antibody may be an antibody or a variant, derivative, analog or portion
thereof which immunospecifically binds to an antigen of interest and which comprises a
framework (FR) region having substantially the amino acid sequence of a human antibody and a
complementary determining region (CDR) having substantially the amino acid sequence of a
non-human antibody. The humanized antibody may be from a non-human species antibody that
binds the desired antigen having one or more complementarity determining regions (CDRs) from
the non-human species and framework regions from a human immunoglobulin molecule.
{8448]  As used herein, the term “substantially” in the context of a CDR refers to a CDR
having an amino acid sequence at least 90%, at least 95%, at least 98% or at least 99% identical
to the amino acid sequence of a non~human antibody CDR. A humanized antibody comprises
substantialiy all of at least one, and typically two, variable domans (Fab, Fab', F(ab'), FabC, Fv)
i which all or substantially all of the CDR regions correspond to those of a non-human
mmunoglobulin (1.e, donor antibody} and all or substantially all of the framework regions are
those of a human immunogiobulin consensus sequence. According to one aspect, a humanized
anttbody also comprises at least a portion of an immunoglobulin constant region (Fc), typically
that of a buman immunoglobulin, In some embodiments, a humanized antibody contains both the
fight chain as well as at least the variable domain of a heavy chain. The antibody also may
mclude the CHI, hinge, CH2, CH3, and CH4 regions of the heavy cham. In some embodiments,
a humanized antibody only contains a humamnized light chain. In some embodiments, a
humanized antibody only contains a humanized heavy chain. In specific embodiments, a
humanized antibody only contains a humamzed variable domain of a fight chain and/or of a

heavy chain.
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{8446}  The humanized antibody can be selected from any class of immunoglobulins,
mchuding 1M, 1eG, 1gD, IgA and IgE, and any isotype, including without imitation 1gG1, 1gG2,
1gG3, and 1gG4. The humanized antibody may comprise sequences from meore than one class or
isotype, and particular constant domains may be selected to optimize desired effector functions
using techmques well-known in the art,

{8447F  The framework and CDR regions of a humanized antibody need not correspond
precisely to the parental sequences, e.g., the donor antibody CDR or the consensus framework
may be mutagenized by substitution, mnsertion and/or deletion of at least one amino acid residue
so that the CDR or framework residue at that site does not correspond to etther the donor
antibody or the consensus framework. In one embodiment, such mutations, however, will not be
extensive. Usually, at least 90%, at least 93%, at least 98%%, or at least 99% of the humanized
antthody residues will correspond to those of the parental FR and CDR sequences. As used
herein, the term “consensus framework” refers to the framework region in the consensus
mmmunoglobulin sequence. As used herein, the term “consensus immunoglobulin sequence”
refers to the sequence formed from the most frequently ocourring amine acids {or nucleotides) m
a family of related immunoglobulin sequences (See e.g., Winnaker, From Genes to Clones
{Verlagsgesellschaft, Wemnheim, Germany 1987)). In a family of tumunoglobulins, each
position in the consensus sequence 1s cccupied by the amuno acid occurring most frequently at
that position in the faroily. ¥ two amine acids occur equally frequently, either can be mcluded in
the consensus sequence.

{8448}  The humanized antibody may be designed to minimize unwanted immunological
response toward rodent anti-homan antibodies, which hmuts the duration and effectiveness of
therapeutic applications of those moieties in human recipients. The homamzed antibody may
have one or more amino acid residues infroduced into it from a source that 18 non-haman. These
non-human residues are often referred to as “import” residues, which are typically taken froma
vanable domain. Humanization may be performed by substituting hypervariable region
sequences for the corresponding sequences of a human antibody. Accordingly, such
“humanized” antibodies are chimeric antibodies wherein substantially less than an intact human
variable domain has been substituted by the corresponding sequence from a non-human species.
For example, see U.S. Patent No. 4,816,567, the contents of which are herein incorporated by

reference. The humanized antibody may be a human antibody 1n which some hypervariable
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region residues, and possibly some FR residues are substituted by residues from analogous sites
m rodent antibodies. Humanization or engineering of antibodies of the present disclosure can be
performed using any known method, such as but not imited to those described in U.S. Patent
Nos. 5,723,323 5,976,862 5,824,514 5,817,483 5,814 476; 5,763,192; 5,723 323 5.766,886:
5.714,352; 6,204,023 6,180,370, 5,693,762, 5.530,101; 5,585,089, 5.225.539; and 4,816,567,
{8449}  The humanized antibody may retain high affinity for a B-coronavirus {such as SARS-
CoV and SARK-CoV-2) and other favorable biological properties. The humanized antibody may
be prepared by a process of analysis of the parental sequences and various conceptual humanized
products using three-dimensional models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly available. Computer programs are available
that itlustrate and display probable three-dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permiis analysis of the likely
role of the residues 1n the functioning of the candidate nnmunoglobulin sequence, i.e., the
analysis of residues that influence the ability of the candidate immunoglobulin to bind its
antigen. o this way, FR residues can be selected and combined from the recipient and import
sequences 30 that the desired antibody characteristics, such as increased affinity for p-
coronavirus {such as SARS-CoV and SARS-CoV-2), 15 achieved. In general, the hypervanable
region residues may be directly and most substantially invelved in influencing antigen binding.
As an alternative to humanization, human antibodies {also referred to herewn as “fully human
antibodies”) can be generated. For example, 1t 1s possible to 1solate human antibodies from
Hibraries via PROfusion and/or veast related technologies. 1t 1s also possible to produce
transgenic animals {e.g., mice that are capable, apon immunization, of producing a full repertoue
of human antibodies in the absence of endogenous mmunoglobulin production. For example,
the homozygous deletion of the antibody heavy-chain joming region {(Ju) gene in chimeric and
germ-line mutant mice results in complete inhibition of endogenous antibody production.
Transter of the human germ-line immunoglobulin gene array 1w such germ-line mutant mice will
result in the production of human antibodies upon antigen challenge. The humanized or fully
human antibodies may be prepared according to the methods described in U K. Patent Nos.
5,770,429 5,833,085 5,837,243 5.922.845: 6.017.517, 6,096.311: 6,111,166, 6,270,765
6,303,755, 6,365,116, 6,410,690; 6,682,928, and 6,984,720, the contents each of which are

herein incorporated by reference.
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g, Variations on Methods

{8454 The disclosed methods detect the presence or determine the amount or level of an
anti-B-coronavirus antibody (such as an anti-SARS-CoV (1gG or 1gM) antibody and an anti-
SARS-CoV-2 (1gG or IgM) antibody) present in a biological sample as described herein. The
methods may also be adapted in view of other methods for analyzing analytes. Examples of
well-known variations include, but are not limited to, immunoassay, competitive inhibition
immunoassay (e.g., forward and reverse), enzyme multiplied immunoassay technique (EMIT), a
competitive binding assay, bicluminescence resonance energy transfer (BRET), one-step
antibody detection assay, homogeneous assay, heterogeneous assay, capture on the fly assay,

single molecule detection assay, lateral flow assay, etc.
BN Immunoassay

{8453} The analyte of interest, namely, an anti-f-coronavirus antibody (such as an anti-SARS-
CoV (1gG or Igh) antibody and an anti-SARS-CoV-2 (Ig( or IgM) antibody), may be analyzed
using at least one first specific binding partner {e.g., at least one recombinant antigen} and at
least one second specific binding partner (e g., an antibody) in an immunoassay. The presence or
amount of the analyte, namely, an anti-f-coronavirus antitbody (such as an anti-SARS-CoV
anttbody or an anti-SARS-CoV-2 antibody), can be determined using the binding of the at least
one first specific binding partner {e.g., at least one recombinant antigen) and at least one second
specific binding partner to the analvte {e g., an anti-~coronavirus antibody {such as an anti-
SARS-CoV antihody or an anti-SARS-CoV-2 antibody)). For example, at least recombinant
antigen {e.g., at least one first specific binding partner) roay specifically bind to the analyie (e.g.,
an anti-B-coronavitus antibody (such as anti-SARS-CoV antibody or anii-SARS-CoV-2
anttbody)). One or more antibodies or recomnbinant antigens labeled with at least one detectable
iabel (e.g., second specific binding partner} can used to detect the presence of determine the
arount of the analvte in the biological sample.

{34821  The presence or amount of the analyte (e g, an anti-B-coronavirus antibody (such as
an anti-SARS-CoV antibody or an anti-SARS-CoV-2 antibody}) present in a biological sample
may be readidy determined using an immunoassay. For example, in one aspect, one method that
can be used 18 a chemiluminescent microparticle imnnunoassay, in particular one employing the

ARCHITECT® automated analyzer (Abbott Laboratosies, Abbott Park, L), as an example.
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Other methods that can be used include, for example, mass spectrometry, and
immunohistochemistry {(e.g., with sections from tissue biopsies). Additionally, methods of
detection include those described in, for example, UK. Patent Nos. 6,143,576; 6,113,855,
6,019,944 5,985,579, 5,047,124, 5,939.272; 5.922.615; 5,885 527: 5,851,776 5.824,799;
5,679,526, 5,525,524, and 5,480,792, each of which is hereby incorporated by reference in it
entirety. Specific immunological binding of the antigen to an analyte (&.g., anti-B-coronavires
antibody} can be detected via direct labels, such as fluorescent or luminescent tags, metals and
radionuclides attached to the antibody or via indirect labels, such as alkaline phosphatase or
horseradish peroxidase.

{8433}  The use of immobilized recombinant antigens (e g., at least one first specific and/or
second specific binding partner) and/or antibodies or antibody fragments thereof (e.g., at least
one second specific binding partner) may be incorporated into the immunoassay. The
recombinant antigens and/or antibodies may be immobilized onto a variety of supports, such as
magnetic or chromatographic matrix particles, the surface of an assay plate (such as microtiter
wells), pieces of a solid substrate material, and the like. An assay strip can be prepared by
coating the antigen and/or antibody or plurality of antibodies i an array on a solid support. This
strip can then be dipped into the test sarople and processed quickly through washes and detection
steps to generate a measurable signal, such as a colored spot.

{8454 A homogeneous format may be used. For example, after the biological sample is
obtamed from a subject, a mixture 1s prepared. The muxture contains the test sample being
assessed for the analyte (e.g., anti-B-coronavirus antibody {such as an anti-SARS-CoV antibody
or a anti-SARS-CoV-2 antibody}), a first specific binding partner, and a second specific binding
partner. The order in which the test sample, the first specific binding partner, and the second
spectfic binding partner are added to form the mixture is not critical. The test sample 1s
simultaneously contacted with the first specific binding partner and the second specific binding
partner. In some embodiments, the first specific binding partner and any anti-B-~coronavirus
antibody (such as anti-SARS-CoV antibody or anti-SARS-CoV-2 antibody) contained in the test
sample may form a first specific binding partner-analyte {e.g., anti-B-coronavirus antibody -
complex and the second specific binding partner may form a first specific binding partner-

analyte of interest {e.g., anti-B-coronavirus antibody (such as an anti-SARS-CoV antibody or an
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anti-SARS-CoV-2 antibody)}-second specific binding partner complex. Moreover, the second
specific binding partner is labeled with or contains a detectable label as described above.

[8455] A heterogensous format may be used. For example, afier the biological sample 1s
obtained from a subject, a first mixture is prepared. The mixture contains the biclogical sample
being assessed for the analyte {anti-B-corenavirus antibody) and a first specific binding partner,
wherein the first specific binding partner and any anti-B-coronavirus antibody contained in the
biglogical sample form a first specific inding pariner-analyte{anti-B-corenavirus antibody}-
complex. The order in which the biological sample and the first specific binding partner are
added to form the mixture is not critical.

{8456]  The first specific binding partner (e g, at least one recombinant antigen) may be
immobilized on a solid phase. The solid phase used in the immunoassay (for the first specific
binding partner and, optionally, the second specific binding partner) can be any solid phase
known in the art, such as, but not limited to, a magnetic particle, a bead, a test tube, a microtiter
plate, a cuvette, a membrane, a scaffolding molecule, a film, a filter paper, a disc, and a chip. In
those embodiments where the solid phase is a bead, the bead may be a magnetic bead or a
magnetic particle. Magnetic beads/particles may be ferromagnetic, ferrimagnetic, paramagnetie,
superparamagnoetic or ferrofhuidic. Exemplary ferromagunetic materials include Fe, Co, Ny, Gd,
Dy, CrO2, MnAs, MnBg, EuQ, and NiG/Fe. Examples of ferrimagnetic materials inclade
NiFer04, CoFes0s, Fes(a (or FeOFer(Os). Beads can bave a solid core portion that is magnetic
and 13 surrounded by one or more non-magnetic layers. Alternately, the magnetic portion can be
a layer around a non-magnetic core. The solid support on which the first specific binding partner
15 immobiiized may be stored in dry form or 1n a ligquid. The magnetic beads may be subjected to
a magnetic field prior to or after contacting with the sample with a magpetic bead on which the
first specific binding partner 18 immobilized.

{84571 After the muixture containing the first specific binding partner-analyie {e.g, anti-B-
coronavirus antibody (such as an anti-SARS-CoV antibody or an anti-SARS-CoV-2 antibody 1)
complex is formed, any unbound analyte (e g, anti-B-coronavirus antibody} is removed from the
complex using any technique known in the art. For example, the unbound analyte (e.g., anti--
coronavirus antibody) can be removed by washing, Desirably, however, the first specific
binding partner 15 present in excess of any analyte (e.g., anti-B-coronavirus antibody (such as an

anti-SARS-CoV antibody or an anti-SARS-CoV-2 antibody )} present in the test sample, such
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that all analyte (e.g., anti-P-coronavirus antibody (such as an anti-SARS-CoV antibody or an
anti-SARS-CoV-2 antibody )} that is present in the test sample is bound by the first specific
binding partner.

{8458}  After any unbound analyte {(e.g., anii-B-coronavirus antibody (such as an anti-SARS-
CoV antibody or an anti-SARS-CoV-2 antibody}) 1s removed, a second specific binding partner
is added to the mixture o form a first specific binding partner-analyte of interest {e.g., anti-f-
coronavirus antibody (such as an anti-SARS-CoV antibody or an anti-SARS-Co V-2 antibody }}-
second specific binding partner complex. Moreover, the second specific binding partner s
labeled with or contains a detectable label as described above.

{8438f  The use of recombinant antigens, immobilized antibodies or antibody fragments
thereof may be incorporated into the immunoassay. The recombinant aniigens or antibodies may
be immobilized onto a variety of supports, such as magnetic or chromatographic matrix particles
{such as a magnetic bead), latex particles or modified surface latex particles, polymer or polymer
film, plastic or plastic film, planar substrate, the surface of an assay plate (such as microtiter
wells}, pieces of a solid substrate material, and the ke, The recombinant antigen or antibody
{antibodies) can be bound to the solid support by adsorption, by covalent bonding using a
chemical coupling agent or by other means known in the art, provided that such binding does not
mnterfere with the ability of the antigen or antibody to bind analvie {e.g., an anti-B-coronavirus
anttbody). An assay strip can be prepared by coating the antibody or plurality of antigens or
antibodies in an array on a solid support. This sirip can then be dipped into the test sample and
processed quickly through washes and detection steps to generate a measurable signal, such as a

colored spot.
b. Forward Competitive Inhibition Assay

{3468]  In a forward competitive format, an aliguot of labeled analvie of interest {e.g., an anti-
B-coronavirus antibody} having a flaorescent jabel, a tag attached with a cleavable linker, ete.} of
a known concentration is used to compete with analyte of miterest (e.g., anti-B-coronavirus
antibody} in a biological sample for binding to recombimant antigen of interest or analyte of
mterest antibody.

{8461} In a forward competition assay, an immobilized specific binding pariner {such as a
recombinant antigen or antibody ) can either be sequentially or simultaneously contacted with the

biological sample and a labeled analyte of interest, labeled analyte of interest fragment or labeled
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analyte of interest variant thereof. The analyte of interest, analyvte of interest fragment or analyte
of interest variant, can be labeled with any detectable label, including a detectable label
comprised of tag attached with a cleavable linker. In this assay, the recombinant antigen or
anttbody can be immobilized on to a solid support. Alternatively, the antibody can be coupled to
an antibody, such as an antispecies antibody, that has been immaobilized on a solid support, such
as a microparticle or planar substrate.

18462}  The labeled analyte of interest, the biclogical sample and the recombinant antigen or
antibody are mncubated at a pH of from about 4.5 to about 10.0, at a temperature of from about
2°C 1o about 453°C, and for a period from at least one (1) minute to about eighteen {18) hours,
from about 2-6 minutes, from about 7-12 minutes, from a bout 5-15 minutes, or from about 3-4
minutes. Two different species of recombinant antigen or antibody-analyte of mterest complexes
may then be generated. Specifically, one of the recombinant antigen or antibody-analyte of
mterest complexes generated contains a detectable label (e.g., a fluorescent label, etc.) while the
other recombinant antigen or antibody-analyte of interest complex does not contain a detectable
label. The recombinant antigen or antibody-analyte of interest complex can be, but does not have
to he, separated from the rematnder of the biological sample prior to quantification of the
detectable label. Regardiess of whether the antigen or recombinant antibody-analyte of interest
complex is separated from the remainder of the biological sample, the amount of detectable label
in the recorobinant antigen or antibody-analyte of interest complex is then quantified. The
concentration of analyte of interest in the biological sample can then be determined as described

above.
< Reverse Competitive Inhibition Assay

{8463}  In areverse competition assay, an numobilized analvte of mterest (e.g. an anti-f-
coronavirus antibody) can etther be sequentially or simulianeously contacted with a test sample
and at least one labeled recombinant antigen or antibody.

{8464}  The analyte of interest can be bound to a sohid support, such as the solid supports
discussed above.

18465]  The immobilized analyte of interest, biological sample and at least one labeled
recombinant antigen or antibody are incubated under conditions similar to those described above.
Two different species analyte of interest-recombinant antigen or antibody complexes are then

generated. Specifically, one of the analyie of nterest-recombinant antigen or aniibody
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complexes generated 15 immobilized and contains a detectable label {e. g, a fluorescent label,
etc. ) while the other analyte of interest-recombinant antigen or antibody complex is not
immobilized and containg a detectable label. The non-immobilized analyte of interest-
recombinant antigen or antibody complex and the remainder of the biological sample are
removed from the presence of the immobilized analyte of interest-recombinant antigen or
antibody complex through techniques known in the art, such as washing. Once the non-
immobilized analyte of interest recombinant antigen or antibody complex is removed, the
amount of detectable label in the immohilized analyte of interest-recombinant antigen or
anttbody complex is then quantified following cleavage of the tag. The concentration of analyte
of interest in the test sample can then be determined by comparing the quantity of detectable

label as described above.
d. One-Step Immuncassay or “Capture on the Fly” Assay

18466}  1n a capture on the fly immunoassay, a solid substrate is pre-coated with an
mmmobilization agent. The capture agent, the analyte {e.g., an anti-B-coronavirus antitbody (such
as an anti-SARS-CoV antibody or an anti-SARS-CoV-2 antibody)) and the detection agent are
added to the solid substrate together, followed by a wash step prior to detection. The capture
agent can bind the analyte (e.g , an anti-B-coronavirus antibody (such as an anti-SARS-CoV
antibody or an anti-SARS-CoV-2 antibody)) and comprises a ligand for an immobilization agent.
The capture agent and the detection agents may be antibodies, recombinant antigens or any other
moiety capable of capture or detection as described herein or known in the art. The ligand may
comprise a peptide tag and an iromobilization agent may comprise an anti-peptide tag antibody.
Alternately, the higand and the mamobilization agent may be any pair of agents capable of
binding together 30 as to be employed for a capture on the fly assay {e.g., specific binding parr,
and others such as are known n the art). More than one analyte may be measured. In some
embodiments, the solid substrate may be coated with a recombinant antigen and the analyie {0 be
analyzed is an antibody.

{84671  In certamn other embodiments, in a one-step immunocassay or “capture on the fly”, a
solid support (such as a mucroparticle) pre-coated with an immobilization agent {such as biotin,
streptavidin, ete.} and at least a first specific binding partner and a second specific binding
partner {(which function as capture and detection reagents, respectively) are used. The first

specific binding partner comprises a ligand for the immobilization agent (for example, if the
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immobilization agent on the solid support is streptavidin, the ligand on the first specific binding
partner may be biotin} and also binds to the analyte of interest e.g., an anti-B-coronavires
antibody}. The second specific binding partner comprises a detectable label and binds to an
analyte of interest {e.g., an anti-B-coronavirus antibody). The solid support and the first and
second specific binding pariners may be added to a test sample {either sequentially or
simultaneously}. The ligand on the first specific binding partner binds to the immobilization
agent on the solid support to form a sohid support/first specific binding partner complex. Any
analyte of interest present in the sample binds to the sohid support/first specific binding partner
complex to form a solid support/first specific binding partner/analyte complex. The second
specific binding partner binds to the solid support/first specific binding partner/analyte complex
and the detectable label is detected.  An optional wash step may be employed before the
detection. In certain embodiments, in a one-step assay more than one analyte may be measured.
In certain other embodiments, more than two specific binding partners can be employed. In
certain other embodiments, multiple detectable labels can be added. 1n certain other
embodiments, multiple analytes of interest can be detected, or their amounts, levels or
concentrations, measured, determined or assessed.

{8468]  The use of a capture on the fly assay can be done in a variety of formats as described
herein, and known in the art. For example, the format can be a sandwich assay such as described
above, but alternately can be a competition assay, can employ a single specific binding partner,

or use other variations such as are known.
e Single Molecule Detection Assay

{8458}  Single molecule detection assays and methods, such as the use of a nanopore device or
nanowell device, can also be used. Examples of nanopore devices are described 10 PCT
International Apphication WG 2016/161402, which 1s hereby incorporated by reference i s
entirety. Examples of nanowell device are described in PCT International Application WG
20167161400, which 13 hereby incorporated by reference in its entirety. Other devices and

methods appropriate for single molecule detection can also be employed.
f, Pateral Flow Assays

{84761  Lateral flow assays are generally provided m a device comprising a lateral flow test
strip {e.g., nitroceltulose or filter paper), a sample application area {e.g., sample pad), a test
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results area {e.g., a test line}, an optional conirol results area {e.g., a control ling), and an analyte-
specific binding partner that is bound to a detectable label {e.g., a colored particle or an enzyme
detection system}. See, e.g., U.S. Patent Nos. 6,485,982; 6,187,598, 5,622,871, 6,565,808, and
6,809,687, and U.S. Patent Publication No. 2004/0184954, each of which i3 incorporated herein
by reference.

{8478}  In some aspects, the present disclosure provides assays for detecting anti-§3-
coronavirus antibodies (such as anit-SARS-CoV (I2G or IgM) antibodies or anii-SARS-CoV-2
{1e5 or IgM antibodies) in a sample. In some aspects, the technology relates to analytical devices
that are suitable for use in the home, clinic, or hospital, and that are intended to give an analytical
result that is rapid with minimum degree of skill and involvement from the user. In some aspects,
use of the devices described herein mvolves methods 10 which a user performs a sequence of
operations to provide an observable test result.

184721  1In some aspects, also provided is a test device comprising a reagent-impregnated test
strip to provide a specific binding assay, e.g., an immunoassay. In some embodiments, a sample
is applied to one portion of the test strip and 1s allowed to permeate through the strip material,
usually with the aid of an eluting solvent such as water and/or a suitable buffer {e.g., optionally
comprising a detergent). In so doing, the sample progresses into or through a detection zone in
the test strip wherein a first specific binding partoer {e.g., a recombinant antigen) for an analyte
{e.g., anti-B-coronavirus antibodies (such as anti-SARS-CoV {IgG or 1gM) antibodies or anti-
SARS-CoV-2 (IgG or IgM antibodies)) suspected of being in the sample is immobilized. Analyte
present in the sample can therefore become bound within the detection zone. The extent {o which
the analyte becomes bound in that zone can be determined with the aid of labelled reagents that
can also be incorporated in the test strip or applied thereto subsequently.

{8473 In some aspects, the analytical test device comprises a hollow casing constructed of
moisture~-tmpervious solid material containing a dry porous carrier that commmunicates directly or
mdirectly with the exterior of the casing such that a higuuid test sample can be applied to the
porous carrier. In some aspects, the device also comprises a labelled specific binding partner for
an analyte and the labelled specific binding pariner is frecly mobile within the porous carrier
when in the moist state. In some aspects, the device comprises unlabeled specific binding partner
for the same analyte and the unlabeled reagent 1s permanently immobilized 1n a detection zone

on the carrier material and is therefore not mobile in the moist state. The relative positioning of
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the labelled reagent and detection zone being such that liquid sample applied to the device can
pick up labelled reagent and thereafter permeate into the detection zone and the device provides
the extent (if any) to which the labelled reagent becomes in the detection zone to be observed.
{8474]  Another aspect relates to a device that comprises a porous solid phase material
carrying it a first zone a labelled reagent that is retained in the first zone while the porous
material 1s in the dry state but is free to migrate through the porous material when the porous
material is moistened, for example, by the application of an agueous liquid sample suspected of
containing the analyte In some embodiments, the porous material comprises m a second zone,
which is spatially distinct from the first zone, an unlabeled specific binding partner{e.g, a
recombinant antigen and//or antihody} having specificity for the analyte and which is capable of
participating with the labelled reagent in either a “sandwich” or a “competition” reaction. The
unlabeled specific binding partner is firmly immobilized on the porous material such that it is not
free to nugrate when the porous material is in the moist state. In some aspects, the labelled
reagent 1s a specific binding partner (2.3, a second specific binding pariner) for the analyte. The
labelled reagent, the analyte (if present), and the imomobilized unlabeled specific binding partner
{e.g., first specific binding partner) have speciticities for different epttopes on the analyte and

cooperate together 1o a reaction.

10. Samples and Controls

a. Test or Biological Sample

2 ¢

{34758} As used herein, “sample”, “test sample”, “biclogical sample” refer to fluid sample
containing or suspected of containing an anti-B-coronavirus antibody, such as an anti-SARS-
CoV (1 and/or IgM) antibody or anti-SARS-CoV-2 {IgG and/or IgM} antibody. The sample
may be derived from any suitable source. For example, in some aspects, the sample may be
obtained, dertved and/or extracted off of a face mask, swabbed from inside a ventilator, or from a
breath sample, etc. In some cases, the sample may comprise a liquid, fluent particulate solid, or
fluid suspension of solid particles. In some cases, the sample may be processed prior 1o the
analysis described herein. For example, the sample may be separated or purified from its source
prior to analysis; however, in certain embodiments, an unprocessed sample containing at least
one anti-B-coronavirus antibody may be assayed directly. In a particular example, the source of
an anti-f-coronavirus antibody is a mammalian {e.
210

g, human) bodily substance {e.g., bodily fluid,

&



WO 2021/211332 PCT/US2021/026149

bicod such as whole blood (including, for example, capillary blood, venous blood, etc.), serum,
plasma, urine, saliva, sweat, an anal sample (such as anal swab specimen), sputum, semen,
mucus {including nasal mucus), lacrimal fhud, lymph fluid, amniotic fluid, mterstitial fluid,
jower respiratory specimens such as, but not linmited to, sputum, endotracheal aspirate or
bronchoalveolar lavage, cerebrospinal fhiud, feces, tissue, organ, one or more dried blood spots,
or the like}. Tissues may include, but are not limited to oropharyngeal specimens,
nasopharyngeal specimens, skeletal muscle tissue, liver tissue, lung tissue, kidney tissue,
myocardial tissue, brain tissue, bone marrow, cervix tissue, skin, etc. The sample may be a hiquid
sample or a liquid extract of a solid sample. In certain cases, the source of the sample may be an
organ or tissue, such as a biopsy sample, which may be solubilized by tissue disintegration/cell
iysis. Additionally, the sample can be a nasopharyngeal or oropharyngeal sample obtained using
one or more swabs that, once obtained, is placed in a sterile tube containing a virus transport
media {VTM} or universal transport media (UTM}, for testing. In certain other cases, the sample
can be a nasal mucus specimen. In still certain other cases, the sample can be an anal swab
specimen.
{8478} A wide range of volumes of the fluid sample may be analyzed. In a few exemplary
embodiments, the sample volume may be about 0.5 nl., about 1 nl, about 3 nl, about 0.01 ul,
about 0.1 pb, about 1 pul, about 5 ub, about 10 ul, about 100 ul, about 1 mL, about 5 mL,
about 10 mL, or the like. In some cases, the volume of the fhud sample 1s between about 0.01 puL
and about 10 mL, between about .01 pL and about 1 mL, between about 0.01 ul. and about 100
i, or between about 0.1 ul and about 10 pb..
{84771 In some cases, the fhuid sample may be diluted prior to use m an assay. For example,
m embodiments where the source of anti-B-coronavirgs antibody 1s a human body fluid (e g,
blood, serum}, the fhud may be diluted with an appropriate solvent {(e.g., a buffer such as PBS
buffer). A fluid sample may be dituted abowt 1-fold, about 2-fold, about 3-fold, about 4-fold,
about 5-fold, about 6-fold, about 10-fold, about 11-fold, about 12-fold, about 13-fold, about 15-
fold, about 16-fold, about 17-fold, about 18-fold, about 19-fold, about 20-fold, about 21-fold,
about 22-fold, about 23-fold, about 24-fold, about 25-fold, about 26-fold, about 27-fold, about
28-fold, about 29-foid, about 30-fold, about 31-fold, about 32-fold, about 33-fold, about 34-fold,
about 35-fold, about 36-fold, about 37-fold, about 38-fold, about 39-fold, about 40-fold, about
41-fold, about 42-fold, about 43-fold, about 44-fold, about 45-fold, about 46-fold, about 47-fold,
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about 48-fold, about 49-fold, about S0-fold, about 100-fold, or greater, prior to use. In other
cases, the fhud sample is not diluted prior to use m an assay. In some aspects, the diluent may
optionally contain an antibody, such as an 1gG antibody that 1s added to remove any 1gG
anttbodies from the sample when the method mvolves detecting the presence of or measuring the
amount or concentration of an IgM antibody.

{8478  In some cases, the sample may undergo pre-analytical processing or pre-treatment.
Pre-analytical processing may offer additional functionality such as nonspecific protein removal
and/or effective yet cheaply implementable mixing functionality. General methods of pre-
analytical processing may include the use of electrokinetic trapping, AC electrokinetics, surface
acoustic waves, isotachophoresis, dielectrophoresis, electrophoresis, or other pre-concentration
technigues known in the art.

{8478}  In some cases, pre-treatment may involve adding an antibody, such as an 1gG and/or
1gM antibody to the biological sample prior to the addition of the at least one first specific
binding partner and/or at least one second specific binding partner. In some aspects, for an IgM
assay, the pre-treatment can mvolve adding an anti-human Ig(s antibody 1o a biological sample
prior to the addition of at least one first specific binding partner and/or at least one second
specific binding partner in order to remove any IgG antibodies from the sample. In other
aspects, for an Ig( assay, the pre-treatment involves adding an anti-human IgM antibody to a
biological sample prior to the addition of at least one first specific binding partoer and/or at least
one second specific binding partner in order to remove any IgM antibodies from the sample.
(84881  In some cases, the fluid sample may be concentrated prior to use 1n an assay. For
example, in embodiments where the source of anti-B-coronavirus anitbody 15 a human body fhad
{e.g., blood, serum}, the flind may be concentrated by precipitation, evaporation, filtration,
centrifugation, or a combination thereof. A fhud sample may be concentrated about 1-fold, about
2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 10-fold, about 100-fold, or

greater, prior 1o use.
b. Controls and Calitbvators

{3483} It may be desirable to mclade a control {such as a positive and/or negative control,
which are well known m the art). For example, a positive control can be any antibody or
anttbody fragment that binds to the first specific binding partner {e.g., recombinant antigen). In

some aspects, the postitve control can be any antibody or antibody fragment that binds 1o an
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epitope or variant thereof in at least one nucleocapsid protein or at least one spike protem from a
B-coronavirus (such as at least one SARS-CoV or SARS-CoV-2). In one aspect, the positive
control can be any antibody or antibody fragment that binds to an epitope comprising at least
amino acids RNAPRITFG (SEQ ID NO:6) or REAPRITEFG (SEG 1D NO:7) of the nucleocapsid
protein of a B-coronavirus (such as SARS-CoV or SARS-CoV-2}. An example of an antibody
that binds to an epitope comprising SEQ 113 NO:6 15 monoclonal antibody CR3018 which is
described in van den Brink etal | J Virol 79(3):1635-1644 (February 2005} and UK. Patent No.
7,696,330, the contents of which are herein incorporated by reference. The scFv amino acid
sequence for CR3018 as well as Ig( heavy and hight chains amino acid sequences are disclosed
m U8, Patent No. 7,696,330 (see, SEQ 1D NOS: 96, 127 and 128, respectively)in still a futher
aspect, any antibodies derived or constructed from monoclonal antibody CR3018 that bind to an
epttope comprising SEQ D NO: 6 can be used as positive control. Additionally, in other aspects,
stable cell lines expressing CR3018 or any derivatives or variants thereof can be made using
routine techniques known in the art, such as those described in Section 7 herein. Such stable cell
Hines can be used to provide the positive controls or calibrators for use in the methods described
herein.

{84821  In another aspect, the positive control and/or calibrator can be any antibody or
antibody fragment that binds to an epttope comprising at least aming acids YNST (SEQ ID
NO:8), YNSA (SEQ 1D NO:9), DBFM (SEQ ID NO:10), DDFT (SEQ ID NO: 1),
FSTFRCYGVSATR (SEQ ID NO:12), FSTFKCYGVSPTK (REQ 1D N(G:13),
ATSTONYNYKYRYLRHGKLR (SEQ ID NG 19) and/or YTTTGIGYQPYRVVLSFEL (SEQ
1D NG:20) of the receptor-binding domain on a spike protein of a B-coronaviras (such as SARS-
CoV or SARS-CoV-2}). An example of an antibody that binds 1o an epitope comprising at least
one of SEQ 1D NOS.: 8-13, 20 and/or 21 1s monoclonal antibody CR3022 which s described in
U.S. Patent No. 8,106,170, ter Meulen, et al,, PLOS Medicine, 3(7):1071-1079 (July 2006} and
Yuan et al, Science, published on-hine on April 3, 2020 (10.1126/3cience.abb7269) the contents
of which are herein incorporated by reference. Thus, in some aspects in the methods described
herein, CR3022 can be used as a positive control. In yet other aspects of the methods described
herein, CR3022 can be used as a calibrator. In still further aspects of the method deseribed
herein, CR3022 can be used as a positive control and as a calibrator.  In still a futher aspect, any

antibodies derived or constructed from monoclonal antibody CR3022 that bind to an epitope
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comprising at least one of SEQ ID NOS. 8-13, 20 and/or 21 can be used as positive control
and/or calibrator. The scFv amino acid sequence for CR3022 as well as IgG heavy and hight
chain aming acid sequencs are described in U.S. Patent No. §,106,170 (see, SEQ ID NOS:95, 6
and 10, respectively}, herein incorporated by reference. U.S. Patent No. ,106,170 also discloses
the amno acid sequences for a fully generated immunoglobulin in SEQ 1D NOS. 6 and 10
Additionally, in other aspects, stable cell lines expressing CR3022 or any derivatives or variants
thereof can be made using routine technigues known in the art, such as those described in
Section 7 herein. Such stable cell lines can be used to provide the positive controls or calibrators
for use in the methods described herein.

{84831  In yet other aspects, the positive control and/or calibrator can be a pentameric IgG or
IgM antibody or antibody fragment. In one aspect, the positive control and/or calibrator is a
pentameric IgG antibody. In another aspect, the positive control and/or calibrator is a pentameric
IgM antibody. For example, a pentameric 1gG or IgM version of CR3018, CR3022 or any
derivatives or variants thereof can be made for use in the methods described herein using routine
techniques known 1o the art. More specifically, i one aspect, the positive control and/or
calibrator 1s a pendameric IgG version of CR301R or any derivative or variant thereof In yet
another aspect, the positive control and/or calibrator 1s a pentameric IgM version of CR3022 or
any derivative or variant thereof,

{8484}  Alternatively, the positive control can be mammalian serum or plasma that s reactive
for B-coronavirus {e.g., SARS-CoV or SARS-CoV-2}. An example of a negative control that can
be used i the methods described herein is mammalian serum or plasma, such as human plasma
or serum, which s not reactive for B-coronavirus, such as SARS-CoV or SARS-CoV-2 (eg., 18
from a simgle subject or population of subjects that 18 naive for, 1.e., has not been exposed to, B-
coronaviras (such as SARS-CoV or SARS-CoV-2}, or in whom insufficient time has passed
following B-coronavirus {such as SARS-CoV or SARS-CoV-2) exposure for any B-coronavirus
(such as SARS-CoV or SARS-CoV-2} -reactive antibodies to have been raised). Optionally
plasma as described herein is recaleified.

{8485}  The conirol may be analyzed separately from, or concurrently with, the sample from
the subject as described above. The results obtained from the subject sample can be compared to
the results or information obtained from the control sample. Standard curves may be provided or

developed with use of the calibrators and controls, with which assay results for the sample may
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be compared. Such standard curves typically present levels of marker as a function of assay
units (1.e., fluorescent signal intensity, if a fluorescent label is used).

18486} 1t may also be desirable to include one or more calibrators for use in calibrating of any
automated or semi-automated system for which the methods and kiis described herein are
adapted for use. The use of calibrators in such sysiems is well known in the art. For example,
one or more calibrators can include mammalian seram or plasma that is reactive for B-
coronavirus {e.g., SARS-CoV or SARS-CoV-2) due to the serum or plasma containing anti-
SARS-CoV or anti-SARS-CoV-2 IgG and/or fgM antibody. For example, in one aspect, the
calibrator may be human plasma that s reactive for B-coronavirus {such as SARS-CoV or SARS-
CoV-2) due to the plasma containing anti-SARS-CoV or anti-SARS-CoV-2 IgM antibody. In
another aspect, the calibrator may be human plasma that is reactive for a B-coronavirus {such as
SARS-CoV or SARS-CoV-2) due to the plasma containing anti-SARS-CoV or anti-SARS-CoV-
2 1gG antibody. The calibrator 1s optionally, part of a series of calibrators in which each of the
calibrators differs from the other calibrators in the series by the concentration of an anti-B-
coronavitus antibody {e.g., anti-B-coronavirus IgG and/or IgM antibody, such as an {such as an
anti-SARS-CoV IgG and/or IgM antibody or an anti-SARS-CoV-2 IgG and/or [gM antibody)).
{84877  When one or more calibrators 15 used i connection with the methods of the present
disclosure, the methods can have a signal-te-calibrator ratio of about 1.0, about 1.1, about 1.2,
about 1.3, about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, about 1.9, about 2.0, about 2.1,
about 2.2, about 2.3, about 2.4, about 2.5, about 2.6, about 2.7, about 2.8, about 2.9, about 3.0,
about 3.1, about 3.2, about 3.3, about 3.4, about 3.5, about 3.6, about 3.7, about 3.8, about 3.9,
about 4.0, about 5.1, about 5.2, about 5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8,
about 5.9, about 6.0, about 6.1, about 6.2, about 6.3, about 6.4, about 6.5, about 6.6, about 6.7,
about 6.8, about 6.9, about 7.0, about 7.1, about 7.2, about 7.3, about 7.4, about 7.5, about 7.6,
about 7.7, about 7.8, about 7.9, about 8.0, about 8.1, about 8 2, about 8.3, about 8.4, about 8.5,
about 8.6, about 8.7, about 8.8, about 8.9, about 9.0, about 9.1, about 9.2, about 9.3, about 9.4,
about 9.5, about 9.6, about 9.7, about .8, about 9.9, about 10.0, about 10.1, about 10.2, about
10.3, about 10.4, about 10.5, about 10.6, about 10.7, about 10.8, about 10.9, about 11.0, about
11.1, about 11.2, about 11.3, about 11.4, about 11.5, about 11.6, about 11.7, about 11.8, about

11.9, or about 12.0. In one aspect, the methods can have a signal-to-calibraior ratio of about 1.0
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to about 12.0, about 1.0 to about 11.0, about 1.0 to about 10.0, about 1.0 to about 2.0, about 1.0
to about 8.0, about 1.0 to about 7.0, about 1.0 to about 6.0 or about 1.0 to about 5.0.

i Kt

{8488 Provided herein s a kit, which may be used i the methods described herein for
assaying or assessing a test sample for an anti-B-coronavirus antibody (such as an anti-SARS-
CoV {Ig(s and/or 1gM} antibody or an anti-SARS-CoV-2 {({g( and/or 1gM) antibody). The kit
comprises at least one component for assaying the test sample for an anti-B-coronavirus antibody
{such as an anti-SARS-CoV {Ig(s and/or IgM) antibody or an anti-SARS-CoV-2 (Igy and/or
igM) antibody} instructions for assaying the test sample an anti-B-coronavirus antibody (such as
an anti-8ARS-CoV (1gG and/or 1gM) antibody or an anti-SARS-CoV-2 (IgG and/or IgM)
antibody}. For example, the kit can comprise instructions for assaying the test sample for an
anti-B-coronavirus antibody (such as an anti-SARS-CoV (IgG and/or IgM) antibody or an anti-
SARS-CoV-2 (Ig(x and/or IgM) antibody) immunoassay, e g., chemiluminescent microparticle
mmuncassay. Instructions included in kits can be affixed to packaging material, can be mcluded
as a package insert, or can be viewed or downloaded from a particular website that is recited as
part of the kit packaging or inserted materials. While the instructions are typically written or
printed materials they are not hmited to such. Any medium capable of storing such instructions
and communicating them fo an end user is contemplated by this disclosure. Such media mclude,
but are not lututed to, electromic storage media {e.g., magnetic discs, tapes, cartridges, chips),
optical media {e.g., CD ROM), and the like. As used herein, the term “wstructions” can include
the address of an internet site that provides the instructions.

{348%]  The at least one component for assaying the test sample for an anti-B-coronavirus
anttbody may include at least one composition comprising one or more isolated recombinant
antigens or antigen fragments thereof that specifically bind to anti-B-coronavirus antibody {such
as an ant-SARS-CoV (IgG and/or IgM) antibody or an anti-SARS-CoV-2 (IgG and/or Igh)}
antibody} as described previously heren,

{8486  Alternatively or additionally, the kit can comprise a calibrator or control, e.g | purified,
and optionally frozen or Iyophilized, as described previously herein, and/or at least one container
{e.g, tube, microtiter plates or strips, which can be already coated with a B-coronavirus {(such as
SARS-CoV or SARS-CoV-2) recombinant antigen {such as one that binds an anti-SARS-CoV

anttbody or an anti-SARS-CoV-2 anttbody) for conducting the assay, and/or a buffer, such as an
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assay buffer or a wash buffer, either one of which can be provided as a concentrated solution, a
substrate solution for the detectable label (e.g., an enzymatic label}, or a stop solution.
Preferably, the kit comprises all components, 1.e, reagents, standards, buffers, diluenis, etc.,
which are necessary to perform the assay. The mstructions also can include instroctions for
generating a standard curve.

{84431} The kit may further comprise reference standards for quantifving anti-B-coronavirus
antibody (such as an anti-SARS-CoV (1gG and/or IgM} antibody or an anti-SARS-CoV-2 (IgG
and/or IgM) antihody). The reference standards may be emploved to establish standard curves
for mterpolation and/or extrapolation of anti-B-coronavirus antibody {(such as an anti-SARS-CoV
{IeG and/or IgM) antibody or an anti-SARS-CoV-2 (1G and/or IgM) antibody) concentration.
{84921  Any antibodies, which are provided in the kit, such as recombinant antibodies, can
meorporate a detectable label, such as a fluorophore, radicactive moiety, enzyme, biotin/avidin
label, chromophore, chemiluminescent label, or the like, or the kit can include reagents for
iabeling the antibodies or reagents for detecting the antibodies {e.g., detection antibodies) and/or
for labeling the avalytes {e.g., an anti-B-coronavirus antibody} or reagents for detecting the
analyte (e g., an anti-B~coronavirus antibody). The antigens (e.g., polypeptides), antihodies,
calibrators, and/or controls can be provided in separate containers or pre-dispensed mio an
appropriate assay format, for exarople, into microtiter plates,

{84931 Optionally, the kit includes quality control coroponents {for example, sensitivity
panels, calibrators, and positive controls). Preparation of quality control reagents 1s well-known
i the art and 15 deseribed on insert sheets for a varety of immunodiagnostic products.
Sensitivity panel members optionally are used to establish assay performance characteristics, and
further optionally are useful indicators of the integrity of the immunocassay kit reagents, and the
standardization of assays,

{8494f  The kit can also optionally mclude other reagents required to conduct a dizgnostic
asaay of facilitate quality control evaluations, such as buffers, salts, enzymes, enzyme co-factors,
substrates, detection reagents, and the like. Other components, such as buffers and solutions for

the isolation and/or treatment of a test sample {e.g.

]

pretreatment reagenis), also can be included
i the kit. The kit can additionally include one or more other controls. One or more of the
components of the kit can be lyophilized, 1n which case the kit can further comprise reagents

suttable for the reconstitution of the lyophitized components.
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18495]  The various components of the kit optionally are provided in suitable containers as
necessary, €.g., a microtiter plate. The kit can further include containers for holding or storing a
sample {e.g., a container or cartridge for a urine, whole blood, plasma, or serum sample). Where
appropriate, the kit optionally also can contain reaction vessels, mixing vessels, and other
components that facilitate the preparation of reagents or the test sample. The kit can also include
one or more instrument for assisting with obtaining a test sample, such as a syringe, pipetie,
forceps, measured spoon, or the like.

[84%6)  If the detectable label i3 at least one acridinium compound, the kit can comprise at
least one acridinium-9-carboxamide, at least one acridinium-9-carboxylate arvl ester, or any
combination thereof. If the detectable label is at least one acridinium compound, the kit also can
comprise a source of hydrogen peroxide, such as a buffer, solution, and/or at least one basic
solutton. If desired, the kit can contain a solid phase, such as a magnetic particle, bead, test tube,
microtiter plate, cuvette, membrane, scaffolding molecule, film, filter paper, disc, or chip.

{84871 If deswred, the kit can further comprise one or more components, alone or in further
combination with mstructions, for assaying the test sample for another analyte, which can be a

biomarker, such as a biomarker of traumatic brain injury or disorder.
12. Adapiation of Kit and Method for use in Automated and Semi-Automnated Systems

{0498]  The method and kit {or components thereof) for detecting the presence of or
deternuning the amount, level or concentration of B-coronavirus {such as SARS-CoV or SARS-
CoV-2), such as, an anti-B-coronavirus antibody, in a test sample by an immunoassay as
described heremn, can be adapted for use in a variety of avtomated and semi-automated systems
or platforms {including those wherein the solid phase comprises a microparticle) knowun in the
art. The following adaptations of automated and/or semi-automated systems are included herein
as merely exemplary.  Specifically, the method and kit described herem can be adapted for use
m automated and semi-automated systems or platforms such as those described, e.g., U.S. Patent
No. 5,063,081, U.S. Patent Application Publication Nos. 2003/0170881, 2004/0018577,
2005/06054078, and 2006/0160164 and as commercially marketed e.g., by Abbott Laboratories
{Abboit Park, 1L} as Abbott Point of Care (i-STAT® or +-5TAT Alimity, Abbott Laboratories} as
well as those described in U.S. Patent Nos. 5,089,424 and 5,006,309, and as commercially
marketed, e.g., by Abboit Laboratories { Abbott Park, IL) as ARCHITECT® or the series of

Abbott Alinity devices. Such systems inchude one or more devices and/or components that can
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be used to detect one or more labels in the resulting complexes formed in the methods described
previously herein.

{8498} Some of the differences between an automated or semi-automated system as compared
t0 a non-automated system include the subsirate to which the first specific binding partner {e.g.,
recombinant antigen or capture reagent} 1s attached, and the length and timing of the capture,
detection, and/or any optional wash steps. Whereas a non-automated format may require a
relatively longer incubation time with test sample and capture reagent (e.g., about 2 hours), an
automated or senmi-automated format (e g, ARCHITECT® and any successor platform, Abbott
Laboratories) may have a relatively shorter incubation time {(e.g., approximately 18 munutes for
ARCHITECT®R). Similarly, whereas a non-automated format may incubate a detection anitbody
such as the conjugate reagent for a relatively longer incubation time {e.g., about 2 hours), an
automated or semu-auvtomated format {e.g., ARCHITECT® and any successor platform) may
have a relatively shorter incubation time {e g., approximately 4 minutes for the ARCHITECT®
and any successor platform).

{85881  Other platforms available from Abbott Laboratories include, but are not limited to,
AXSYM®, IMx® (see, e.g., U.S. Patent No. 5,294,404, which 1s hereby incorporated by
reference n s entirety), PRISMI®, EIA (bead), and Quantum™ 1, as well as other platforms.
Additionally, the assays, kits, and kit components can be emploved in other formats, for
example, on electrochemical or other hand-held or pomt-of-care assay systems. As mentioned
previously, the present disclosure is, for example, applicable to the commercial Abbott Point of
Care (I-STAT®, Abbott Laboratories} electrochemical immunocassay system that performs
sandwich mumunoassays. Immunosensors and their methods of manufacture and operation in
single-use test devices are described, for example in, U.S. Patent No. 5,063,081, U.S. Patent
App. Publication Nos. 2003/0170881, 2004/0018577, 2005/0054078, and 2006/01661 64, which
are incorporated in their entireties by reference for their teachings regarding same.

{95831 In particular, with regard to the adaptation of an assay to the i-STAT® system, the
following configuration 1s preferred. A microfabricated silicon chip is manufactured with a pair
of gold amperometric working electrodes and a silver-silver chloride reference electrode. On
one of the working electrodes, polystyrene beads (0.2 mm diameter) with immobilized capture
antibody are adhered to a polymer coating of patterned polyvinyl alcohol over the electrode.

This chip 15 assembled into an +-STAT® cartridge with a thudics format suitable for
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immunoassay. On a portion of the silicon chip, there 15 a specific binding partner for an anti-§-
coronavirus antibody, such as at least one specific binding partner as described herein {e g,
recombinant anitgen} or one or more anti-B-coronavirus (such as SARS-CoV or SARS-Co-V2)
DVD-igs (or a fragment thereof, a variant thereof, or a fragment of a variant thereof that can
bind an anti-B-coronavirus antibody (such as SARS-CoV or SARS-CoV-2), either of which can
be detectably labeled. Within the fluid pouch of the cartridge is an aqueous reagent that includes
p-aminophenol phosphate.

{6563]  In operation, a sample from a subject suspected of having or being exposedtoa §-
coronavirus {such as SARS-CoV or SARS-CoV-2) 15 added to the holding chamber of the test
cartridge, and the cartridge is inserted into the i-STAT® reader. A pump element within the
cartridge pushes the sample into a condurt containing the chip. The sample is brought o
contact with the sensors allowing the enzyme conjugate to dissolve into the sample. The sample
1s oscitlated across the sensors to promote formation of the sandwich of approximately 2-12
minutes. In the penultimate step of the assay, the sample is pushed mto a waste chamber and
wash fluid, containing a substrate for the alkaline phosphatase enzyme, 1s used to wash excess
enzyme corjugate and sample off the sensor chip. In the final step of the assay, the alkaline
phosphatase label reacts with p-aminophenol phosphate to cleave the phosphate group and
permit the liberated p-aminophenol to be electrochemically oxidized at the working electrode.
Based on the measured current, the reader is able to calculate the amount of anti-P-coronavirus
antibody in the sample by means of an embedded algorithm and factory-determined calibration
curve. Adapiation of a cartridge for multiplex use, such as used for iI-STAT®, has been
described in the patent hiterature, such as for example, 1.8, Pateni No. 6,438,498, the contents of
which are herein incorporated by reference.

{85831 The methods, kits and systems as deseribed herein necessarily encompass other
reagents and methods for carrying out the immunoassay. For instance, encompassed are various
buffers such as are known in the art and/or which can be readily prepared or optimized to be
employed, e.g., for washing, as a conjugate diluent, and/or as a calibrator diluent. An exemplary
conjugate diluent 15 ARCHITECT® conjugate diluent employed in certain kits {Abbott
Laboratories, Abbott Park, IL) and containing 2-{(N-morpholine)ethanesulfonic acid (MES), a
salt, a protein blocker, an antimicrobial agent, and a detergent. An exemplary calibrator diluent

18 ARCHITECT® human calibrator diluent emploved in certain kits {Abbott Laboratories,
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Abbott Park, 1L}, which comprises a buffer contaimning MES, other salt, a protein blocker, and an
antimicrobial agent. Additionally, as described in U.S. Patent No. 8,445,199, improved signal

generation may be obtained, e g, in an 1-STAT® cartridge format, using a nucleic acid sequence

finked to the signal antibody as a signal amplifier.
13. Analysis, Interpretation of Results and Algorithims

{@584]  The results obtained using the methods of the present disclosure {(e.g., detecting the
presence of at least one anti-P-coronavirus antibody or determining the quantity, amount, level or
concentration of at least one anti-f-~coronavirus antibody in a biological sample} can be analyzed
and interpreted individually or in combination with other any other results obtained prior to,
during or atter the results of the methods of the present disclosure are performed. The nature of
the other results analyzed and interpreted with the resulis of the present disclosure are
changeable. For example, in one aspect, if the methods of present disclosure are used to detect
the presence of or determine the quantity, amount, level or concentration of at least one anti-p-
coronavirus igM antibody (such as an anti-SARS-CoV IgM antibody or anti-SARS-CoV-2 IgM
antibody) in a biological sample, these results can be used alone or in combination with
concurrently, previously, or later obtained results relating to detecting the presence of or
determining the quantity, amount, level or concentration of at least one anti-B-coronavirus IgG
antibody in a biological sample obtained from the same subject (e.g., such as using the methods
of the present disclosure). The results relating to detecting the presence of or determining the
quantity, amount, level or concentration of at least one anti-f~coronavirus IgG antibody in a
hiological sample obtained from the subject may have been obtained at the same time, or
minutes, hours or days before or after the results relating to detecting the presence of or
determining the quantity, amount, level or concentration of anti-B~coronavirus IgM antibody w
the sample were obtained. Analyzing the combined resulis regarding the presence of or amount,
level, or concentration of anti-B-coronavirus IgM and TgG antibody levels can guide treatment
and/or mountioring decisions to be made by a chimean.

{82851 In yet another aspect, if the methods of present disclosure are used to detect the
presence of or determine the quantity, amount, level or concentration of at least one anti-p-
coronavirus IgM antibody {such as an anti-SARS-CoV IgM antibody or anti-SARS-CoV-2 IgM
anttbody} in a bislogical sample, these resulis can be used alone or 1 combination with

concurrently, previously, or later obtained results relating to detecting the presence of or
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determining the quantity, amount, fevel or concentration of at least one B-coronavirus antigen
{such as SARS-CoV or SARS-CoV-2} i a bislogical sample obtained from the same subject
{e.2., such as using the routine techniques known in the art). For example, SARS-CoV-2 antigen
tests that can be used include the Sampinuote COVID-192 Antigen MIA test available from
Celltrion USA, Inc., the BD Veritor System for Rapid Detection of SARS-CoV-2 test available
from Becton, Dickinson and Company, BinaxNOW COVID-19 Antigen Card available from
Abboit Diagnostics Scarborough Inc. | and the QuickVue SARS Antigen Test available from
Quidel Corporation. The results relating to detecting the presence of or determining the quantity,
amount, level or concentration of at least one B-coronavirus antigen {(such as SARS-CoV or
SARS-CoV-2) in a biological sample obtained from the subject may have been obtained at the
same time, or minutes, hours or days before or after the results relating to detecting the presence
of or determining the quantity, amount, level or concentration of anti-B-coronavirus IgM
anttbody (such as an anti-SARS-CoV IgM antibody or an anti-SARS-CoV-2 {eM antibody) in
the sample were obtained. Analyzing the combined results regarding the presence of or amount,
level, or concentration of anti-B-coronavirus IgM antibody and B-coronavirus antigen (such as
SARS-CoV or SARS-CoV-2) levels can guide treatment and/or monitoring decisions to be made
by a clinician.

{9588]  In still vet another aspect, if the methods of present disclosure are used to detect the
presence of or determine the quantity, amount, level or concentration of at least one anti-f-
coronaviras g antibody (such as an anti-SARS-CoV IgG antibody or anti-SARS-CoV-2 1gG
anttbody) in a biological sample, these resulis can be used alone or in combination with
concurrently, previously, or later obtained resulis relating 1o detecting the presence or
determining the quantity, amount, level or concentration of at least one anti-B-coronavirus TgM
antibody {(such as an anti-SARS-CoV IgM antibody or an anti-SARS-CoV-2 IgM antibody) ina
biological sample obtaimed from the same subject {e.g., such as using the methods of the present
disclosure). The results relating to detecting the presence of or determining the quangity,
amount, level or concentration of at least one anti-B-coronavirus IgM antibody (such as an anti-
SARS-CoV IgM antibody or an anti-SARS-CoV-2 [gM antibedy) in a biological sample
obtained from the subject may have been gbtaimed at the same time, or minutes, hours or days
before or after the results relating to detecting the presence of or determining the quantity,

amount, level or concentration of anti-B-coronavirus IgG antibody(such as an anti-SARS-CoV
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1sG antibody or an anti-SARS-CoV-2 1gG antibody} in the sample were obtained. Analyzing
the combined results regarding the presence of or amount, level, or concentration of anti-p-
coronavirus 1gG and [eM antibody (such as an anti-SARS-CoV 1gG or 1gM antibody or an anti-
SARS-CoV-2 126G or IgM antibody) levels can guide treatment and/or monitoring decisions to be
made by a clinician.

{85871 In yet another aspect, if the methods of present disclosure are used to detect the
presence of or determine the quantity, amount, level or concentration of at least one anti-p-
coronavirus 1gG antibody (such as an anti-SARS-CoV Ig(z antibody or anti-SARS-CoV-2 1gG
antibody) in a biological sample, these results can be used alone or in combination with
concurrently, previously, or later obtained results relating to detecting the presence of or
determining the quantity, amount, level or concentration of at least one B-coronavirus antigen
{such as SARS-CoV or SARS-CoV-2) in a biological sample obtained from the same subject
{e.g., such as using the routine techniques known i the art). The resulis relating to detecting the
presence of or determining the quantity, amount, level or concentration of at least one -
coronavitus antigen (such as SARS-CoV or SARS-CoV-2) in a biological sample obtamed from
the subject may have been obtained at the same tume, ot nunutes, hours ot days before or after
the results relating to detecting the presence of or determining the quantity, amount, level or
concentration of anti-f~coronavirus {such as SARS-CoV or SARS-CoV-2) IgG antibody m the
sample were obtained. Analyzing the combined results regarding the presence of or arount,
fevel, or concentration of anti-B-coronavirus (such as SARS-CoV or SARS-CoV-2) Ig(s antibody
and B-coronavirus antigen {such as SARS-CoV or SARS-CoV-2} levels can guide treatment
and/or mountioring decisions to be made by a chmcian,

{85881  In still a further aspect, if the methods of present disclosure are used to detect the
presence of or determine the quantity, amount, level or concentration of at least one anti-B-
coronavirus 1gG antibody {such as an anti-SARS-CoV g antibody or anti-SARS-CoV-2 1gG
antibody} i a biological sample, these results can be used alone or in combination with
concurrently, previcusly, or later obtained results relating to detecting the presence of or
determining the quantity, amount, level or concentration of at least one anti-B-coronavirus IgM
anttbody (such as an anti-SARS-CoV 1gG antibody or anti-SARS-CoV-2 IgM antibody} in a
biclogical sample, and further can be used alone or in combination with concurrently, previously,

or later obtained resulis relating to detecting the presence of or determining the quantity, amount,
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level or concentration of at least one P-coronavirus antigen {such as SARS-CoV or SARS-CoV-
2} in a biological sample obtained from the same subject {e.g., such as using the routine
techniques known in the art). The resulis relating to detecting the presence of or determining the
quantity, amount, level or concentration of at least one B-coronavirus antigen (such as SARS-
CoV or SARS-CoV-2} in a biolegical sample obtained from the subject may have been obtained
at the same time, or minutes, hours or days before or after the results relating to detecting the
presence of or determining the quantity, amount, level or concentration of anti-B-coronavirus
{such as SARS-CoV or SARS-CoV-2) [gG antibody in the sample were obtained, and may have
been obtained at the same time, or minutes, hours or days before or after the results relating to
detecting the presence of or determining the quantity, amount, level or concentration of anti-B-
coronavirus {such as SARS-CoV or SARS-CoV-2) IgM antibady in the sample were obtained.
Analyzing the combined resulis regarding the presence of or amount, level, or concentration of
antt-B-coronavirus (such as SARS-CoV or SARS-CoV-2) lg( and/or IgM antibody, and/or §-
coronavirus antigen {such as SARS-CoV or SARS-CoV-2) levels can guide treatment and/or
monitoring decisions to be made by a chinician,

{8589  In some aspects, the methods of the present disclosure can be used to identify one or
more subjects {e.g., candidate subjects) who have recovered trom a B-coronavirus (such as
SARS-CoV or SARS-CoV-2) and possess anti-B-coronavirus Ig( antibodies, such as anti-
SARS-CoV TG antibodies or anti-SARS-CoV-2 1gG antibodies. Biological samples, such as
serum or plasma obtained from whole blood collected from sabjects who have tested positive for
anti~-SARS-CoV TG antibodies or anii-8ARS-CoV-2 Ig( antibodies, can be used as
convalescent serum or plasma to neuiralize (e.g., said serum or plasma may contain one or more
1g(s neutralizing antibodies targeting one or more of 51, RBD or 82 of the spike protein) and/or
treat subjects suffering from SARS-CoV or SARS-CoV-2 and/or used to develop other blood
based therapies using routine techniques known in the art. In some aspects, candidate subjects
can meet the following donor eligibility requirements: (3) evidence of SARS-CoV or SARSK-
CoV-2 documented by a laboratory test either by (1) a diagnostic test (g.g., nasopharyngeal swab)
at the time of illiness; or (11} a positive serclogic test for SARS-CoV or SARS-CoV-2 1gG and/or
SARS-CoV or SARS-CoV-2 IgM antibodies after recovery (if prior diagnostic testing was not
performed at the time infection was suspected); (b) complete resolution of symptoms at least 14

days before donation; and (¢} SARS-CoV or SARS-CoV-2 Ig( neutralizing antibody titers, if
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available {e.g, if {203 nentralizing antibody titers are available, Ig( neutralizing antibody titers
such as, for example, at feast 1:160; a titer of 1:80 may be considered acceptable if an alternative
matched unit is not available}.

[8518]  In other aspects, a subject can be identified as a candidate to provide a biological
sample, such as serum or plasma, for use in convalescent therapy if the level of one or more anti-
SARS-CoV 1gG antibodies or anti-SARS-CoV-2 1gG antibodies and/or anti-SARS-CoV IgM
antibodies or anti-SARS-CoV-2 1gM antibodies is from about 3530 BAU/mL to about 650
BAU/mL. In other aspects, a subject can be identified as a candidate to provide a biological
sample, such as serum or plasma, for use in convalescent therapy if the level of one or more anti-
SARS-CoV {gG antibodies or anti-SARS-CoV-2 1pG anuibodies and/or anti-SARS-CoV IgM
antibodies or anti-SARS-CoV-2 IgM antibodies is from about 580 BAU/mL to about 640
BAU/mL. In still other aspects, a subject can be identified as a candidate to provide a biological
sample, such as serum or plasma, for use in convalescent therapy if the level of one or more anti-
SARS-CoV fgG antibodies or anti-SARS-CoV-2 1gG antibodies and/or anti-SARS-CoV IgM
antibodies or anti-SARS-CoV-2 IgM antibodies s from about 600 BAU/mL to about 640
BAU/mL.

{85111 In still yet other aspects, a subject can be identified as a candidate to provide a
biological sample, such as serum or plasma, for use in convalescent therapy if the level of one or
more anti-SARS-CoV 1gG antibodies or anti-SARS-CoV-2 IgG antibodies and/or anti-SARS-
CoV IgM anitbodies or anti-SARS-CoV-2 1gM antibodies 1s from at least about from at least
about 100 BAU/mL to about 490 BAU/ml.; at least about 110 BAU/mL to about 496 BAU/ml;
at least about 200 BAU/mL to about 490 BAU/mL; at least from about 300 BAU mL o abouwt
490 BAU/mL,; at least about 400 BAU mi to about 490 BAU/mL; at least about 100 BAU/mL,;
at feast about 110 BAU/mL; at least about 120 BAU/mL.; at least about 130 BAU/mL,; at least
about 140 BAU/mL; at least about 150 BAU/mL,; at least about 160 BAU/mL; at least about 170
BAU/mL: at least about 180 BAU/mL.; at least about 190 BAU/mL; at least about 200 BAU/mL;
at least about 210 BAU/mL; at least about 220 BALU/mL; at least about 230 BAU/mL.; at least
about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/mL; at least about 270
BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL,; at least about 300 BAU/mL;
at least about 300 BAU/mL; at least about 310 BAU/mL; at least about 320 BAU/mL; at least
about 330 BAU/mL; at least about 340 BAU/mL; at least about 350 BAU/mL; at least about 360
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BAU/mL; at least about 370 BAU/mL; at least about 380 BAU/mL; at least about 390 BAU/mL;
at least about 400 BAU/mL; at least about 400 BAU/mL; at least about 410 BAU/mL; at least
about 420 BAU/mL; at least about 430 BAU/mL; at least about 440 BAU/mL; at least about 450
BAU/mL; at least about 460 BAU/mL; at least about 470 BAU/mL,; at least about 480 BAU/mL,;
or at feast about 490 BAU/mL.

{95121 Instill vet other aspects, a subject can be identified as a candidate to provide a
biological sample, such as serum or plasma, for use in convalescent therapy if the level of one or
more anti-SARS-CoV IgG antibodies or anti-SARS-CoV-2 Ig(G antibodies and/or anti-SARS-
CoV IgM antibodies or anti-SARS-CoV-2 IgM antibodies 1s from at least about S00 BAU/mL to
about 630 BAU/mL: at least about 350 BAU/mL to about 630 BAU/mL; at least about 500
BAU/mL; from at least about 510 BAU/mL; at least about 520 BAU/mL; at least about 530
BAU/mL; at least about 340 BAU/mL; at least about 550 BAU/mL to about 650 BAU/mL; at
least about S50 BAU/mL; at least about 360 BAU/mL; at least about 370 BAU/mL; at least
about S80 BAU/mL; at least about 590 BAU/mL; at least about 600 BAU/mL; at least about 610
BAU/mL; at least about 620 BAU/mL; at least about 630 BAU/mL; at least about 639 BAU/ml;
at feast about 640 BAU/mL; or at least about 650 BAU/mL.

{85131 In still yet other aspects, a subject can be identified as a candidate to provide a
biological sample, such as serum or plasma, for use in convalescent therapy if the level of one or
more anti-SARS-CoV 1gG antibodies or anti-SARS-CoV-2 IgG antibodies and/or anti-SARS-
CoV 1M antibodies or anti-SARS-CoV-2 1gM antibodies 1s at least about 590 BAU/mL, at least
about 600 BAU/mL, at least about 610 BAU/mL, at least about 620 BAU/nk., at least about 630
BAU/mL, at least about 631 BAU/mL, at least about 632 BAU/mL, at least about 633 BAU/mL,
at least about 634 BAU/mL, at least about 635 BAU/mL, at feast about 636 BAU/mL, at least
about 637 BAU/mL, at least about 638 BAU/mL, at least about 639 BAU/mL, at least about 640
BAU/mL, at least about 641 BAU/mL, at least about 642 BAU/mL, at least about 643 BAU/mL,
at least about 644 BAU/mL or at least about 645 BAU/ml.

{8514F  In some aspects, an amount of anti-B-coronavirus antibody {2.g., anti-SARS-CoV
antibody or anti-SARS-CoV-2 antibody) or anti-B-coronavirus neutralizing antibody {e.g., anti-
SARS-CoV 126 nevtralizing antibody or anti-SARS-CoV-2 1gG neutralizing antibody (e.g., anti-
SARS-CoV-2Z IgG antibody that is an anti-nucleccapsid (N} antibody, an anti-spike antibody, or

any combination thereof)} that is sufficient to impart immunity to a subject {e.g., human) thereby
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allowing a subject to be 1dentified as a candidate to provide a bislogical sample, such as serum or
plasma, for use in convalescent therapy appears to be at least from about 4000 AU/mL to about

4500 AU/mL (unpublished studies done by Abbott Laboratories, Abbott Park, IL using the CE-

s}). The measure AU/mL can be converted to
the WHQ International standard of binding antibody unit per mL (BAU/mL) using the following
formula: BAU/mL=0.142 x AU/mL {e g, {e.g., about 4060 AU/mL is about 568 BAU/mL
{4000 AU/l x 0.142 = 568 BAU/mL) and about 4500 AU/mL is about 639 BAU/mmL (4500
AU/mL = 0.142 = 639 BAU/mL)).

{9515]  In some aspects, the time course of viral and host immunity biomarkers during SARS-
CoV-2 infection is described m FIG. . The mcubation phase or initial period of infection is an
asymptomatic period when a subject does not exhubit any symptoms of a SARS-CoV-2 infection.
The incubation phase or initial period can last for a period of about 0 to about 14 days after
mfection. During the incubation phase or mitial pertod, viral RNA and/or viral antigen become
detectable. After the incubation phase or initial period of infection, the subject progresses to the
active phase of wnfection. Iritially, the subject enters iuto the early acute phase of wfection. The
early acute phase is the phase when the subject starts to experience the onset of one or more
symptoms of a SARS-CoV-2 infection and begins to develop an immune response to the virus
and begins to produce antibodies. The early acute phase may last for a period of about 0 to about
14 days after the onset of symptoms. During the early acute phase, viral RNA and/or viral
antigen are detectable and anti-SARS-CoV-2 IgM antibodies become detectable. After the easly
acute phase, the subject progresses to the acuie or aciive phase of infection. During the acute
phase of infection, the symptoms of SARS-CoV-2 infection worsen {e.g., the subject may have
to be hospitalized, may need oxygen support, etc.}, the immune response of the subject continues
to progress, viral RNA and/or viral antigen are detectable, anti-SARS-CoV-2 IgM antibodies are
detectable and anti-SARS-CoV-2 IgG antibodies become detectable. The acute phase may last
for for a period of about 0 to about 14 davs after the onset of worsening symptoms of the virus.
After the acute phase, the subject progresses into the late acute phase.  The late acute phase is
the stage when the subject starts to recover from the SARS-CoV-2 infection and one or more
symptoms of infection begin to improve, lessen and/or disappear. The late acute phase may last

for a period of about 1 day to about 28 days. During the late acute phase, viral RNA and viral
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antigen levels start to decline and eventually are not detectable, anti-SARS-CoV-2 IgM
antibodies are detectable and anti-SARS-CoV-2 1g( antibodies are detectable. The
convalescence or recovery phase of infection begins after the late acuie phase. During this
period, the subject no longer exhibits any symptoms of SARS-CoV-2 infection and viral RNA
and viral antigen are no longer detectable, anti-SARS-CoV-2Z 1gM antibodies begin to decline
and eventually become non-detectable, and anti-SARS-CoV-2 1g( antibodies remain in the
bigod and provide long-term immunity for the subject.

{6518}  The possible combination of viral and host biomarkers in SARS-CoV-2 infection and
likely mterpretation criteria are provided in below Table A The separate assessment of anti-
SARS-CoV-2 IgM anttbody and anit-SARS-CoV-2 oG antibody response may provide
information as to whether the subject is in the early acute phase, the late acute phase or in
convalence/recovery phase. This allows clinicians (e g., laboratorians and physicians) to dissect
the tmmune response and provide clear actionable answers (see, Table A). Combination of the
anti-SARS-CoV-2 IgG antibody and anti-SARS-CoV-2 IgM antibody assay methods described
heretn may provide earlier detection, e.g., where the anti-SARS-CoV-2 1gG and IgM antibody
assessments are combined m single assay, or where separate assays of the anti-SARS-CoV-2 1gG
antibody and anti-SARS-CoV-2 IgM antibody are run on the same sample, e.g., at the same or
different times. Similarly, assay of SARS-CoV-2 IgG antibody and SARS-CoV-2 IgM antibody
can be done at multiple sampling times. However, using the methods described heren {e.g,
methods to detect anti-SARS-CoV-2 1gG antibodies and anti-SARS-CoV-2 IgM antibodies)
separately, or together, provides a continuum of data from imfection all the way thorough to
recovery and could prove of value when testing is carried out in asymptomatic subjects that are
not tested or that test negative for viral RNA. The methods described herein (e.g., anti-SARS-
CoV-2 1gG and [gM antibody assays) alone, or in combination, may not at all times allow the

assessment (e g., if the person has been mfected only recently and still harbors the virus).
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Table A
Test Resulis
ftem BCR LIVIRRTTe General Interpretation®
andfor
Antigen

1 + - - | Subject may be in the initial period of infection when
antibodies are not yet produced or are under the limit of
detection {incubation phase or initial period of infection)

2 + + - | Subject is in the aclive phase of infection and has started
to develop an immune response with antibody production
{early acute phasse)

3 - + - | Subject may be in the early stage of infection. PCR resuit
may be a false negative or IgM false positive (early acute
phase)

4 + + + | Subject may be in the active phase of the infection;
mmune response has progressed (acute phase)

5 + - + | Subjection may be in the late stage of infection or has
developed a recurrent infection (late acute phase)

6 - + + | Subject may be in the lats or recovery phases of infection
or PCR false negative (late acute phase or
convalescence or racovery phase)

7 - - + | Subject may have recovered or has been infected in the
past (convalescence or recovery phase).

8 - - - | Subject may have recovered (convalescence or recovery
phase)

*Test results typically are considered along with other climical data available to the treating
clinician.,

{95177 Thus, in some aspects, the present disclosure also relates 1o one or more algorithms
that can be used in connection with the methods described herein to instruct and/or guide
clinicians i making the appropriate treatment decisions for subjects suspected of having being
exposed to and/or having SARS-CoV-2. For exarple, as depicted i ltem 1 of Table A, a
subject that tests PCR positive {and/or positive for a viral antigen) but 13 negative for both anti-
SARS-CoV-2 IgM and anti-SARS-CoV-2 Ig(s antibodies (using the methods described herein)
would be classified a3 being in the icubation phase or initial period of infection and advised to
quarantine; any health care workers in contact with the subject would be advised to use

appropriate personal protective equipment. In another aspect, as depicted in ftem 3 of Table A, a
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subject that tests PCR negative {(or viral antigen negative), but positive for anti-SARS-CoV-2
IgM antibodies and negative for anii-SARS-CoV-2 IgG antibodies (using the methods described
herein} may indicate a missed diagnosis {e.g., false negative PCR or false negative viral antigen
result, a false negative g result, both a false negative PCR {or viral antigen) and 1gG result, or
a false positive 1gM result), which may call for a retest on the PCR, or the anti-SARS-CoV-2
IeM and anti-SARS-CoV-2 1gG antibody assays, or management as if the subject is in the garly
acute phase of infection. Alternatively, as depicted in Item 7 of Table A, a subject that tests PCR
negative {or viral antigen negative} and negative for anti-SARS-CoV-2 IgM antibodies (using the
methods described herein) but positive for anti-SARS-CoV-2 1gG antibadies (using the methods
described herein), indicates that the subject likely has been previously infected (e.g., has heen
past infected) with SARS-CoV-2 or is in the convalescence or recovery phase. Moreover, as
depicted in ftem 2, 4, and ¢ of Table A, once any anti-SARS-CoV-2 IgM antibadies {using the
methods described herein) are detected in a subject tested, this indicates to the treating clinician
that the subject likely has entered the active phase of infection (such as the early acute phase,
acute phase and/or late acute phase) and suggests that chinical action {e.g., treatment, subject
isolation/quarantine, or return visit) be taken.  The assessment of anti-SARS-CoV-2 IgG
antibodies, as depicted in Hem 2, 4, and 6 of Table A, adds further information on the subject’s
status. Namely, as depicted in Htem 2 of Table A, a subject that tests PCR positive {or viral
antigen positive), positive for anti-SARS-CoV-2 IgM antibodies {using the roethods described
herein} but negative for anti-SARS-CoV-2 {gG antibodies {using the methods described heremn),
mdicates that the subject hikely is 1n the active phase, namely, the early acute phase, of mfection
and 1s starting to develop an mmmune response with antibody production. As depicted in Item 4
of Table A, a subject that tests PCR positive {or viral antigen positive}, positive for anti-SARS-
CoV-2 IgM antibodies {using the methods described herein} and positive for anti-SARS-CoV-2
Ig{s antibodies {using the methods described herein), indicates that the subject i1s m the acuote
phase of nfection and the subject’s immune response with antihody production has progressed.
As depicted mn Item 6 of Table A, a subject that tests PCR negative {or viral anfigen negative},
positive for anti-SARS-CoV-2 fgM antibodies (using the methods described herein} and positive
for anti-SARS-CoV-2 1g( antibodies (using the methods described herein), indicates that the
subject may be in late acute phase or convalescence or recovery phase of infection, or that this

may be a false negative PCR result or viral antigen result. Additionally, as depicted in Item 5 of

2390



WO 2021/211332 PCT/US2021/026149

Table A, a subject that tests PCR positive {or viral antigen positive}, negative for anti-SARS-
CoV-2 IgM antibodies (using the methods described herein} and positive for anti-SARS-CoV-2
1gG antibodies {using the methods described herein), indicates that the subject may be in the late
acute phase of infection, or perhaps has developed a recurrent infection. The presence of the
anti-SARS-CoV-2 [gM and anti-SARS-CoV-2 1gG antibody assays also can be used in locations
where PCR equipment 1s not readily available. The contimum of data from mfection to recovery
helps enable better subject assessment and management. Understanding the amounts of anti-
SARS-CoV-2 IgM antibodies and anti-SARS-CoV-2 IgG antibodies in a subject at different
infection stages may help inform of a subject’s progress towards clearing the virus, or provide an
mdication of the cytokine siorm initiation.
14, Systems for assessing whether a subject is likely to have immunity from infection by at
least one type of SARS-CoV-2
{9518} In sull further aspects, the present disclosure relates to a system for assessing whether
a subject is likely to have immunity {e.g., has developed protective immunity) from infection by
at least one type of SARS-CoV-2 in a biological sample. The system, which can be automated
or senu-automated, comprises: {1} at least one type of first specific binding partner comprising at
least one type of B-coronavirus (SARS-CoV or SARS-CoV-2) isolated polypeptide or variant
thereof selected from a C-terminal domain nucleocapsid protein, a receptor binding domain
{RBD) of a spike protein, or a C-terminal domain nucleocapsid protein and a receptor binding
domain (RBD) of a spike protein from at least one type of B-coronavitus (SARS-CoV or SARS-
CoV-2) that specifically binds to at least one type of anti-B-coronavirus antibody {(anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) and at least one type of second specific binding
partner comprising at least one detectable label; (2) at least one device that detects the at least
one label from a complex formed between the at least one type of first specific binding pariner
and the at least one type of second specific binding partner, wherein the amount of signal from
the label indicates the presence or amount of at least one type of anti-SARS-CoV-2 antibody n
the biological sample; and (3} a means for assigning a differentiative rating which indicates or
reflects whether the subject 1s bikely immune {e.g., or has likely developed protective immuanity)
from infection by at least one type of SARS-CoV-2. The determunation of whether a subject 13
fikely immune {e.g., or has likely developed protective immunity} 1s based on detecting the

presence of or determining the amount, level and/or concentration of at least one type of anti~
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SARS-CoV-Z antibody in the biological sample using the methods described in Section 2 {(&.g.,
employing the at least one type of first specific binding partner and at least one type of second
specific binding partner} alone, or in combination with other information obtained from the
biological sample as the result of other laboratory tests, such as, for example, that the subject 1s
positive or negative for at least one type of SARS-CoV-2 viral RNA and/or antigen.

{9318} Any device or platform capable of detecting at least one label from the complex
formed between at least one first type of specific binding partner and at feast one type of second
specific binding partner can be used. Such devices or platforms are well-known in the art.
Exemplary devices or platforms are described, for example, in U.S. Patent No. 5,063,081, U S.
Patent Application Publication Nos. 2003/01 70881, 2004/0018577, 2065/0054078, and
2006/0160164 and as commercially marketed e.g., by Abbott Laboratories { Abbott Park, IL) as
Abbott Point of Care (i-STAT® or i-STAT Alinity, Abbott Laboratories) as well as those
described in U.S. Patent Nos. 5,089,424 and 5,006,309, and as commercially marketed, e.g., by
Abbott Laboratories (Abbott Park, 1L} as ARCHITECT® or the series of Abbott Alinity devices.
{8528]  Additionally, the system comprises a means for assigning a differentiative rating
mdicating whether the subject 13 likely immune from mfection by at least one type of SARS-
CoV-2. An example of a differentiative rating 1s the assigning a color and/or a number rating
mdicating whether the subject 15 likely immune from infection by at least one type of SARS-
CoV-2. Methods for assigning such a differentiative rating are well known in the art and can
mvolve one or more software programs. In some aspects, the one or more software programs are
meorporated into the device or platform for detecting the detectable label. In other aspects, the
one or more software programs are incorporated nto a device that does not detect a detectable
fabel (e.g., such as a computer, ete.). In other aspects, the one or more software programs are
mcorporated into the device or platform for detecting the detectable label as well as on a device
that does not detect the detectable label.

{85281 The differentiative rating {e.g., color and/or a number rating) or assessing immunity
can be developed using routine techniques known in the art. An example of a color and/or
number differentiative rating for determining whether a subject likely has immunity {e.g., or has
itkely developed protective immunity) from infection by at least one type of SARS-CoV-2 15

provided below i Table D.
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{85221 TableD

Differentiative | SARS-CoV-2 | Anti- Anti- Likelihood that a subject

rating - Viral SARE. SARS. | is immune from infection

Number/Color | RNA/Antigen | CoV-2 CoV-2 by at least one fype of

Rating | gM oG SARS-CoV-2

‘ antibody | antibody 1

Level 1/Red Negative Negative Negative | Subject likely is not
immune from infection by
at least one type of SARS-
Cov-2

Level Positive Negative Negative | Subject likely is not

2i0range or Positive immune from infection by
at least one type of SARS-
CoV-2 may develop
symptoms of at leasi one
type of SARS-CoV-2
and/or may be contagious

Level 3Yellow | Positive Positive Positive Subject may have
developed symptoms of at
least one type of SARS-
CoV-2 andior is
deveioping immunity o
infection.

Level 4/Green | Negative Negative Fositive Subject likely has immunity

or Positive from infection from at least

one type of SARS-CoV-2

10523

In still other aspects, the differentiative rating {e g., color and/or number rating) can be

displaved on a mobile or smart device through the use of one or more mobile or smart device

applications as well known 1 the art. In some aspects, in a serut-automated system, the

differentiative rating {e.g., the color and/or number rating) can be uploaded and/or verified by a

QR or bar code,
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18524}  Some of the differences between an automated or semi-automated system as compared
to a non-automated sysiem include the substrate to which the at least one type of fisst specific
binding partner is attached, and the length and timing of the capture, detection, and/or any
optional wash steps. Whereas a non-automated format may require a relatively longer incubation
time with test sample and capture reagent {e.g., about 2 hours}, an avtomated or senu-automated
format {e.g., ARCHITECT® and any successor platform, Abbott Laboratories) may have a
relatively shorter incubation time (e.g., approximately 18 minutes for ARCHITECT®).
Stmilarly, whereas a non-automated format may incubate at least one type of second specific
binding reagent such as the conjugate reagent for a relatively longer incubation time (e g, about
2 hours), an automated or semi-automated format (e.g., ARCHITECT® and any successor
platform} may have a relatively shorter incubation time {e.g , approximately 4 minutes for the
ARCHITECT® and any successor platform).

18528}  Other devices or platforms available from Abbott Laboratories include, but are not
fimited to, AxSYM®, IMx® (see, e.g., U.S. Patent No. 5,294,404, which is hereby incorporated
by reference 1 its entirety), PRISM®, EIA (bead), and Quantum™ H, as well as other platforms.
Additionally, device can be emploved wn other formats, for example, on electrochenucal or other
hand-held or point-of-care assay systems. As mentioned previously, the present disclosure 1s, for
example, applicable to the commercial Abbott Point of Care (i-STAT®, Abbott Laboratories)
electrochemical immunoassay system that performs sandwich immmunoassays. Immunosensors
and thetr methods of manufacture and operation m single-use test devices are described, for
example m, UK. Patent No. 5,063,081, UK. Patent App. Publication Nos. 2003/0170881,
2004/0018577, 2005/0054078, and 2006/0160164, which are incorporated in their entireties by
reference for their teachings regarding same.

{8826]  In particular, with regard to the adaptation of an assay to the 1-STAT® aystem, the
following configuration 1s preferred. A mucrofabricated silicon chip 1s manufactured with a pair
of gold amperometric working electrodes and a silver-silver chloride reference electrode. On
one of the working electrodes, polystyrene beads (0.2 mm diameter) with immobtlized capture
antibody are adhered to a polymer coating of patterned polyvinyl alcohol over the electrode.

This chip is assembled into an -STAT® cartridge with a fhudics format suitable for
immunoassay. On a portion of the silicon chip, there 15 a specific binding pariner for an anti-$-

coronavirus antibody, such as at least one specific binding partner as described in Section 3 {e.g.,
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recombinant anitgen} or one or more anti-B-coronavirus (such as SARS-CoV or SARS-Co-V2)
DVD-lgs (or a fragment thereof, a variant thereof, or a fragment of a variant thereof that can
bind an anti-B-coronavirus antibody (such as SARS-CoV or SARS-CoV-2), either of which can
be deteciably labeled. Within the fluid pouch of the cartridge i1s an aqueous reagent that includes
p-aminopheno! phosphate.

{88371 In operation, a bislogical sample 15 added to the holding chamber of the test cartridge,
and the cartridge 1s inserted into the 1-STAT® reader. A pump element within the cartridge
pushes the sample inte a condutt containing the chip. The sample is brought into contact with the
sensors allowing the enzyme conjugate to dissolve into the sample. The sample is oscillated
across the sensors to promote formation of the sandwich of approximately 2-12 nunutes. 1n the
penultimate step of the assay, the sample is pushed into a waste chamber and wash fluid,
containing a substrate for the alkaline phosphatase enzyme, is used to wash excess enzyme
conjugate and sample off the sensor chip. In the final step, the alkaline phosphatase label reacts
with p-aminophenol phosphate to cleave the phosphate group and permit the liberated p-
arainophenol to be electrochemically oxidized at the working electrode. Based on the rueasured
current, the reader 1s able to calculate the amount of anti-B-coronavirus antibody in the sample by
means of an embedded algorithm and factorv-deternuned calibration curve. Adaptation of a
cartridge for multiplex use, such as used for 1-STAT®, has heen described 1n the patent
literature, such as for example, U.S. Patent No. 6,438,498, the contents of which are herein
incorporated by reference.

{8528}  The system as described herein necessarily encompass other reagents and methods for
detecting the presence or amouni of at least one anti-B-coronavirus antibody e g, anti-SARS-
CoV antibody or anti-SARS-CoV-2 antibody) 10 a sample. For iustance, encompassed are
vartous buffers such as are known in the art and/or which can be readily prepared or optimized to
be emploved, e.g., for washing, as a conjugate diluent, and/or as a calibrator diluent. An
exemplary conjugate diluent 15 ARCHITECT® conpugate diluent employed in certain kats
{Abbott Laboratories, Abbott Park, 1L} and containing 2-(N-morpholino)ethanesulfonic acid
{MER), a salt, a protein blocker, an antimicrobial agent, and a detergent. An exemplary
calibrator dituent is ARCHITECT® human calibrator diluent emploved in certain kits (Abbott
Laboratories, Abbott Park, L), which comprises a buffer containing MES, other sali, a protein

blocker, and an antimicrobial agent. Additionally, as described in U8, Patent No. 8,445,199,

235



WO 2021/211332 PCT/US2021/026149

improved signal generation may be obtained, e.g., 1n an -STAT® cartridge format, using a

nucleic acid sequence linked to the signal antibody as a signal amphifier.

{8528]  The present disclosure has multiple aspects, iHustrated by the following non-himited

examples.
15, Examples

19838} It will be readily apparent to those skilled in the art that other suitable modifications
and adaptations of the methods of the present disclosure described herein are readily applicable
and appreciable, and may be made using suitable equivalents without departing from the scope
of the present disclosure or the aspects and embodiments disclosed herein. Having now
described the present disclosure in detail, the same will be more clearly understood by reference
to the following examples, which are merely intended only to illustrate some aspects and
embodiments of the disclosure, and should not be viewed as limiting to the scope of the
disclosure. The disclosures of all journal references, U.S. patents, and publications referred to
herein are hereby incorporated by reference in thetr entireties.

{8531} Example I: Nucleocapsid protein

18532} Recombinant proteins comprising either the C-terminal domain (CTD) of SARS-CoV-
2 (“CTD peptide”} or the epitope for the monoclonal antibody CR3018 {(described in van den
Brink et al , /. Virol 79(3):1635-1644 (February 2005) and U 5. Patent No. 7,696,330) fused at
the N-terminal end of the CTD (“epitope-grafted CTD” fusion protein or peptide) were
expressed i £, coli cultured cells. For the 1solation of CTD peptide of SARS-CoV-2, the thawed
cell paste 13 tysed with lysozyme and benzonase. The lysate 1s centrifuged and protein solution 13
ioaded onto a Nickel-affinity capture columun providing for capture of the CTD peptide. The
clarified mckel pool eluted from the column 1s then subjected to 8P polishing followed by sterile
filtration and aliquoting. Samples of C'TD peptide antigen are taken and purity and integrity of
purified protein was confirmed.

{85331  Example Z: Preparation of CTD Nucleocapsid Coated Microparticles

{8534]  Paramagnetic (styrene} microparticles were reacted with carbodiinide (EDAC) in 2-
{N-morpholino} ethanesulfonic acid in a centrifuge tube and then supernatant was aspirated out.
The microparticles were then washed and reacted with etther the CTD peptide or epitope-grafted

fuston protein or peptide of Example 1. The coated microparticles were separated from the
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supernatant, washed, and then stored in buffer with surfactant, preservative, and an antifoam
agent, until used in an assay.

{85381  Example 3: Detection of Anti-SARS-CoV-2 1gG Antibodies in Human Plasma
Samples

{9836} 161 EDTA plasma samples from 28 SARS-CoV-2-positive subjects (nasopharyngeal
swabs assessed by a PCR-based assay for SARS-CoV-2 virus) were obtained. Days since
symptom onset was assessed for all subjects. 2 subjects were transplant recipients with
compromised immune systems. 76 subjects presented with signs and symptoms similar to
COVID-19 but tested negative by SARS-CoV-2 PCR.

{95371  Antibody production was assessed for each subject using an indirect assay on

the ARCHITECT® automated analyzer (Abbott Laboratories, Abbott Park, IL). The assay
format utilized either the CTD pepiide-or epitope-grafted fusion peptide-coated microparticles of
Example 2 diluted into an ARCHITECT® buffer solution, incubated with patient serum or
plasma. After an 18 minute incubation, the magnetic microparticles were washed and reacted
with a conjugate dituent comprising acridinylated anti-buman [gG (mouse, monocional) IgG
{e.g., a comparable antibody to that used 1 other commercially-available ARCHITECT/ Alintty
viral assay kits {Abbott Laboratories, Abbott Park, IL), although any other commercially-
available anti-species 1gG (e.g., anti-human-IgG 1¢G) antibody can be used} to detect the anti-
SARS-CoV-2 TeG bound to the solid phase via immunocomplex. After another wash, pre-trigger
{hydrogen peroxide) and trigger {sodiam hydroxide) were added 1o generate a signal (8}
Additionally, the assay employed either reactive human serum or plasma, or monoclonal
antibody CR3018 as the positive conirol and/or calibrator, and erther non-reactive human serum
or plasma, or human IgG, as the negative coutrol. The signal (8} was expressed i relative hight
units {(RLU). The signal (8) and signal to calibrator {C) ratio for the subjects tested is shown o
below Tables 1-7.

{8538}  Table 1 shows a study mn of earlier times following infection m which 7 subjects who
were SARS-CoV-2 PCR-positive were found to be non-reactive in the Ig( assay, however, two
of these subjects were transplant recipients that presumably had a compromised immune
responsive due to immuncsuppressive drug treatment (subjects 1 and 13), 2 subjects appeared to

be building an immune response (subjects 7 and 28), and 2 subjects appeared to be in the pre-
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seroconversion window {subjects 24 and 26). “#VALUE! means the value could not be
calculated due to unavailability of sample.

19838} As shown in Tables 2-4, 13 SARS-CoV-2 PCR-positive subjects who were tested at
fater times following infection were found to be reactive in the 1gG assay. Tables 5-7 also show
PCR-posttive subjects who were tested at later times following mfection, with some data also
mcluded for earfier times following infection as well. Tables 5-7 show that 8 subjecis {subjects
2,4,6,8 17 21, 25 and 27) who were SARS-CoV-2 positive (as tested by PCR), were in the
seroconversion window. As demonstrated by the data provided in the tables below, the 1oG
assay identified subjects that were positive for SARS-CoV-2 at least as early as 7 days after the
onset of symptoms. When compared against known positives and negative samples for SARS-
CoV-2 at more than 7 days after onset of symptoms, the 1gG assay showed clinical agreement of
percent positives greater than 90%, and percent negatives greater than 99.5%. Additional tests of
the 1gG assay disclosed 100% specificity for SARS-CoV-2 at 14 days or later after the onset of
symptoms, with specificity of 99.63% (1070 speciumens; 100% specificity observed for 73
patients with other respiratory illness). In still another study involving samples from 1492 donors
tested using the above assay, the assay correctly identified subjects not having SARS-CoV-2 1gG

antibodies with about 99.7% specificity.
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{88481  Additionally, no cross-reactivity was observed with the assay described hereinand a
population of patients with non-CoV-2 respiratory tllnesses. The above assay was evaluated for
potential cross-reactivity from subjects with other medical conditions. A total of 182 specimens
from 36 different categories were tested. One hundred eight-one (181) specimens were negative
and 1 specimen was positive by the SARS-CoV-2 Ig(z assay. The 1 specimen that tested
positive was cytomegalovirus {CMV) 1gG (1 out 5 tested positive; 4 out of 5 tested negative).
The other catepories of specimens that tested negative were: adenovirus, antinuclear antibody
{ANA}, autoimmune hepatitis, CMV Immunoglobulin Class M (IgM), double-stranded
deoxyribonucleic acid {dsDNA) antibody, Epstein-Bare Virus (EBV) oG, EBV IgM, £ coli
anttbody, human anti-mouse antibodies (HAMA), hemodialysis patients, Hepatitis A virus
{HAV), Hepatitis B Core (HBc) IgM, Hepatitis B virus, Hepatitis C Virus, Hepatitis D virus,
herpex simplex virus (HSV), heterophilic antibody positive, human mmunodeficiency virus,
human T-lymphotropic virus (HTLV) Type I, HTLY Type 2, Influenza A, Influenza B, Influenza
{type unknown}, Influenza vaccine, lupus, monoclonal hyper 1gG, picornavirus, polyclonal hyper
IgG, pregnant females, pregnant females (multiparcus), respuratory syncytial virus, Rheumatoid
factor (RF), Rubella IgG, Toxoplasmosis g, and Varnicella Zoster virus.

{85411  Additionally, specimens from subjects who have received preparations of mouse
monocional antibodies for diagnosis or therapy may contain human anti-roouse antibodies
{(HAMA). Such specimens may show either falsely elevated or depressed values when tested
with assay kits employing such monoclonal antibodies. Further, heterophilic antibodies in
human serum can react with reagent immunoglobuling, interfering with in vifro imimunoassays.
Subjects rouiimely exposed to ammals or to animal serum products can be prone to this
mterference, and anomalous values may be observed. Moreover, rheumatod factor in human
serum can react with reagent immunoglobuling, nterfering with in virre immunoassays. As
mentioned, the assay described heremn did not exhibit any HAMA, heterophilic antibody or
rheumatoid factor cross-reactivity.

{85421 Example 4: Spike RBD protein

{85431  Recombinant proteins comprising the receptor binding domain (RBD of spike of of
SARS-CoV-2Z ("RBD peptide”) were expressed in £. cofi cultured cells. All recombinant

proteins were affinity purified from the cell culture supernatant by affinity capture followed by
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sterile filtration. In some aspects, the purification can involve separating any monomeric RBD
peptide from any dimeric RBD peptide from the supernatant using routine techniques known in
the art, such as for example, using immobilized metal affinity chromatography (IMAC).

Purity and integrity of purified protein was confirmed. These methods were done as described,
e.g., in Example 1.

{8544} Example 5: Preparation of RBD Spike Coated Microparticles

18548]  Paramagnetic (styrene} microparticles were reacted with carbodiimide (EDAC) in 2-
{N-morpholino) ethanesulfonic acid i a centrifuge tube and then supernatant was aspirated out.
The microparticles were then washed and reacted with the RBD peptide of Example 4. The
coated microparticles were separated from the supernatant, washed, and then stored in buffer
with surfactant, preservative, and an antifoam agent, until used in an assay.

{8548] Example 6: Detection of Anti-SARS-CoV-2 fgM Antibodies in Human Plasma
Samples

{88471  Plasma samples from SARS-CoV-2-positive subjects {e.g., nasopharyngeal swabs
assessed by a PCR-based assay for SARS-CoV-2 virus) were obtained. Days since symptom
onset was assessed for the subjects. Antibody production was assessed for each subject using an
mdirect assay on the ARCHITECT® automated analyzer (Abbott Laboratories, Abbott Park, IL).
The assay format utilized the spike RBD peptide-coated microparticles of Example S diluted
into an ARCHITECT® buffer solution, incubated with the patient serum or plasra. After an 18
mingte meubation, the magnetic microparticles were washed and reacted with a conjugate
diluent comprising an acridimum-fabeled anti-human IgM {e.g., a comparable antibody to that
used in other commercially-available ARCHITECT/Alinity viral assay kits {Abboit Laboratories,
Abbott Park, 1L), although any other commercially-available anti-species 1gM (e.g., anti-human-
igM 1g() antibody can be used) to detect the anti-SARS-CoV-2 IgM bound to the solid phase
via immanocomplex. After another wash, pre-tngger (hydrogen peroxide) and trigger (sodium
hydroxide) were added to generate a signal (8). Additionally, the assay employed either reactive
human serum or plasma, or monocional antibody CR3022 as the positive control and/or
calibrator, and either non-reactive human serum or (recalcified) plasma, or human IgM, as the
negative control. The signal {8} was expressed in relative light units (REU). The signal (8} and
signal to calibrator {C} ratic for the subjects was tested Based on these studies, it was confirmed

that the spike IgM assay was able to detect IgM-reactive antibodies in SARS-CoV-2 PUR-
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positive subjects, e.g., who were tested at various times following infection. Specifically, in one
study involving samples from 812 donors tested using the above assay, the assay correctly
identified subjects not having SARS-CoV-2 1gM antibodies with about 99.6% specificity. In vet
another study involving 698 samples tested from 0 to 21 days post onset of SARS-CoV-2, the
assay exhibited a sensitivity {e.g., correctly identified subjects as having SARS-CoV-2) of
between about 66% to about 98% beginning at day 7 and contimung past day 21 after onset, and
a sensitivity of between about 42% to about 60% from day G to day 6. In yet another study
mvolving serial bleed samples from 22 different donors tested at days post-onset ranging from 8-
31 days, the above assay and the assay described in Example 3 were used to identify subject
samples with anti-SARS-CoV-2 IgM antibodies as early as & days post-onset, and anti-SARS-
CoV-2 1gG antibodies as early as 10 days post onset. The number of samples testing positive for
anti-SARS-CoV-2 IgM antibodies and anti-SARS-CoV-2 1pG antibodies peaked at day 15and
then declined, with detection of positive samples continuing 31 days post-onset,

{0%48] Example 7: Detection of Anti-SARS-CoV-2 Iglc Antibody Levels in Human
Plasma Samples

{8549  Plasma or serum samples from SARS-CoV-2-positive subjects {e.g., nasopharyngeal
swabs assessed by a PCR-based assay for SARS-CoV-2 virus) were obtained and tested. Days
singce symptom onset was avatlable for the subjects.

{85588  Antibody production was assessed and quantified for each subject using a two-step
immunoassay on the ARCHITECT® automated analyzer (Abbott Laboratories, Abbott Park, 1L},
The assay format utilized the microparticles coated with spike RBD peptide as in Example §
{produced from an established Chinese Hamster Ovary cell line versus fransiently expressed
from cell pools) diluted into an ARCHITECT® buffer solution, tncubated with the patient
plasma. Patient plasma or serom was diluted (e.g., about 30-fold} m order to expand the hinear
range of the assay. After an 18 minute incubation, the magnetic microparticles were washed and
reacted with a conjugate solution comprising an acridimum-labeled anti-human IgG IgG {eg, a
comparable antibody to that used in other commercially-available ARCHITECT/Alinity viral
assay kits {Abbott Laboratories, Abbott Park, IL), although any other commercially-available
anti-human-1gG 1gG antibody can be used} to detect the anti-SARS-CoV-2 1g(G bound to the
solid phase via immunocomplex. After another wash, pre-trigger (hydrogen peroxide} and trigger

gt~

{sodium hvdroxide) were added to generate a signal (S). Additionally, the assay emploved either
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reactive human serum or plasma, or monoclonal antibody CR3022 as the positive control and/or
calibrator, and either non-reactive human serum or (recalcified) plasma, or human I, as the
negative control. The signal (8} was expressed in relative light units (RLU). The signal (8) for
the subjects was measured and the quantity of anti-SARS-CoV-2 1g( in the samples determined
in terms of Arbitrary Units {AUYmbE, which are capable being standardized to an internationally-
recognized standard.  Based on these studies, it was confirmed that the spike 1gG assay was
able o determine the amount, level and/or concentration of anti-Spike RBD IgG-reactive
antibodies in SARS-CoV-2 PCR-positive subjects, e.g., who were tested at various times
following infection.

{9551} In one study, the above assay was used to correctly identify 10 out 10 SARS-CoV-2
positive plasma samples as containing anti-SARS-CoV-2 IgG antibodies. Additionally, the
assay was compared against other comumercially available assays (some of which use an index to
determine the quantity of anti-SARS-CoV-2 1gG antibody in a sample) and was found to detect
all members of a commercially available test panel, whereas other commercially-available tests
missed one or more samples.

{85521  In an exemplary study, about 1000 pre-SARS-CoV-2 samples were tested using the
above assay, to establish a cutoff of about 50 AU/mL with >99.50% specificity. In yet another
study, 552 SARS-CoV-2 posttive samples were tested to determine the linear range of the assay.
Using the above assay, the linear range from 50 AU/mL up to between about 35,000 AU/mL to
about 50,000 AU/mL. In some aspects, the linear range of the assay was determined to be from
50 AU/mE: up to about 35,000 AU/mL, up to about 40,000 AU/mL, up to about 45,000 AU/mL,
or up to about 50,000 AU/l

{85831 In another study, the above assay was found not to require manual difution of the
biological sample, such as, for example, when monitoring one or more subjects for a response to
a SARS-CoV-2 vaccine as shown in FIG. 8. Specifically, m FIG. 8, dose 1 was measured at
about 3 weeks post-immunization and dose 2 was measured about 2 weeks after subjects
received a booster (e.g., second vaccination with a SARS-CoV-2 vaccine). Specifically, the
above assay shows quantification of 98.8% of anti-SARS-CoV-2 I3 antibodies on an
ARCHITECT instrument within the extended measuring interval (EMI} with automated dilution
and 90.6% within the upper limit measuring interval (ULMI) with no dilution. Specifically, as

shown 1y FIG. 13 and described in this Example 7, in some aspects, the ULMI can be from about
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15,500 to about 40,000 AU/mL and/or the EMI can be from about 40,000 to about 80,000
AU/mL. In vet other aspects, the ULMI can be from about 15,500 to about 25,000 AU/mL
and/or the EMI can be from about 25,000 to about 50,000 AU/mL. Additionally, tests of the
assay on ARCHITECT show that the primary measuring interval (up to 40,000 AU/mL) coupled
with the instrument’s 1.2 auto dilution (providing the user up to 80,000 AU/mL) encompassed ~
99% of the samples tested to date, confirming that the assay has sufficiently broad range to
encompass vaccine response with no (or at most minimal) need for manual dilution.

{85584 In still further aspects, in yet another study (unpublished data), the above assay can be
performed without dilution at an ULMI from about 7.1 to about 5680 BAU/mL.

{0858]  Example 8: Predicting Qutcome in SARS-CoV-2 Subjects

[8556] Specimens: Specimens were collected between March 21, 2020 and July 20, 2020
from hospitalized patients at Montefiore Medical Center (Bronx, NY} or Washington University
Medical Center (St. Louis, MO}, All specimens were collected in speckled red top serum tubes
{BD, Franklin Lakes, NJ} or EDTA plasma tubes (BD) and frozen at -80°C within S days of
collection. Residual specimens were deidentified for serological testing. Age, sex, comorbid
conditions, immune status, symptom onset date, mortality, and collection date were obtained
from electronic medical records.

{85871  Testing: All patient specimens were analyzed on the Abbott ARCHITECT® 12000
instrument using the methods of Examples 3 and 6. A romumum of 100 pl of residual specimen
was used for each assay. While both assays are intended for qualitative deternunation of
anttbodies to SARS-CoV-2, they report a semi-quantitative signal using chemmuminescent
microparticles to detect IgG and IgM binding to the SARS-CoV-2 nucleocapsid protein and
spike protein, respectively. Assay results are reported as an index value of the ratio of specimen
to calibrator absorbance (8/C or 8/CG). An index value of =21 .4 8/C mdicates 1o seropositivity

and 21.0 5/C mdicates IgM positivity. The results are shown below in Tables & and FIG. 6.
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Table &
Number of Percentage A Percentage B
Patients
Parameter Died | Survived | Died Swrvived | Died {out of | Survived {out
{out of | {outof Total per of Total per
Total Total Parameter) Parameter)
Died) | Survived)
SARS-CoV-2 Igl 3 6 25 13.04 33 67
~ seroconverted
first
SARS-CoV-2 IgM 4 15 33.33 32.61 21 79
- seroconverted
first
SARK-CoV-2 1 ] 25 41.67 54.35 17 &3
and IgM
seroconverted on
the same day
Total 12 46 100 100 100 100

{8558]  Table 8 shows in the “Percentage A” columns that subjects who converted to anti-
SARS-CoV-2 Tg( before IgM were two times more likely to have an unfavorable outcome (e,
die} (25% vs. 13%). By contrast, subjects who converted to anti-SARS-CoV-2 IgM before IgG
had about the same likelihood of death as survival. Subjects who converted to anti-SARS-CoV-2
IgM at the same time as seroconverting to 1gG had a shightly better chance of surviving than
dving. This trend 13 even more apparent by comparing on a per parameter basis (“Percentage B”
columns of Table B}, where 1t can been seen that seroconversion to [g( and 1gM on the same day
appears to favor a favorable outcome (1.e., survival}, whereas dysregulation of seroconversion,
particularly seroconversion to 1gG earlier than IgM, increases the possibility of an unfavorable
ouicome. Addiionally, FIG. 6 shows that subjects having anti-SARS-CoV-2 IgM levels equal or
greater than about 10 8/CQ, specifically, about 10 to about 15 8/CO at more than 10 days (e.g.,
from about 11 to about 25 days) after symptom onset also had an unfavorable outcome (e.g.,

died).
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13559 Example 9: Correlation between Results Obtained from Quantifative SARS-
CoV-2 Igh; Assay and G Neutralizing Antibodies

19568}  Eighty-six {86} serum or plasma samples from convalescent SARS-CoV-2 patients
were gbtained and tested using the SARS-CoV-2 1gG assay described below.

18561}  Antibody production was assessed and qguantified for each subject using a two-step
immuncassay on the ARCHITECT® automated analyzer (Abbotlt Laboratories, Abbott Park, L),
The assay format etilized the microparticles coated with spike RBDD peptide as in Example 5
{produced from an established Chinese Hamster Ovary cell line versus transiently expressed
from cell pools) diluted into an ARCHITECT® buffer solution, incubated with the patient
plasma. Patient plasma or serum was diluted (e g., about 2-fold up to about 30-fold) in order to
expand the linear range of the assay. After an 18 minute incubation, the magnetic microparticles
were washed and reacted with a conjugate solution comprising an acridinium-labeled anti-human
1gG lgG(e.g., a comparable antibody to that used in other commercially-avatlable
ARCHITECT/Alimty viral assay kits (Abbott Laboratories, Abbott Park, 1L}, although any other
cormmercially-available anti-human-1gG 1gG antibody can be used) to detect the anti-SARS-
CoV-2 1gG bound to the solid phase via immunocomplex. After another wash, pre-trigger
{hydrogen peroxide} and trigger {sodium hydroxide) were added to gevnerate a signal {8).
Additionally, the assay emploved either reactive human serum or plasma, or monoclonal
anttbody CR3022 as the positive control and/or calibrator, and either non-reactive human serum
or {recalcified} plasma, or human IgG, as the negative control. The signal (S} was expressed in
relative hght umts (RLU}. The signal (5} for the subjects was measured and the quantity of anti-
SARS-CoV-2 Ig( in the samples deternined in terms of Arbutrary Units (AUYmE, which are
capable being standardized to an internationally-recognized standard.

{83562} A plague-reduction neutralization test (PRNT3s} from the Broad Institute (Eli and
Edythe L. Broad Institute of MIT and Harvard} was also performed on the serum or plasma
samples from the above convalescent SARS-CoV-2 patients. Plaque-reduction neutralization
tests are used to quantify the titer of I2G newtralizing aniibodies for a virus.

{8563}  Table 9A below shows the results of a positive percent agreement study performed
with the SARS-CoV-2 1gG Assay {also referred to as the SARS-CoV-2 1 Il Quant Assay) on
the ARCHITECT® instrument using the 86 samples demonstrated to be positive (> 1:20} using

the PRNT test.
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[8564] Table %A
Neutralization Test
SARS-CoV-2 1gG § Quant Fositive Negative

Pasitive 36 €&

Pnsitive % agresment = 10D0% (86/E6); 95% i = 95.72, 16600

[8565]  Logistic regression analyses were performed using the 86 samples above to estimate
the SARS-CoV-2 g concentration corresponding to 95% probability of being at or above the

PRNT dilutions listed in Table 9B below:

[@566] Table 9B

SARS-CoV-2 186G
PRNT Dilution

Alifmt
180 10545
1166 35583
1:250 4160
1:640 6950

{95677 An example of the probability profile using the PRNT 1Dso at 1250 dilution as a

representative hugh titer 18 shown in Table 9C and 1o Figure 7.

{05681  Table 9C

SARS-CoV-2 fpi

Peohability of i er ¢ er®
AUfod Probability of High Ther o5 &t

R Q.8

G5
G 35S PERER
LSS 3,99

18569}  *in the above table, under 95% U}, the first number s the low end of the 95% (1 and
the second number 15 the high end of the C1L
{8878}  The results as demonstrated in Tables 9A-9C demonstrate: (1} high qualitative

agreement between the PRNT assay and the SARS-CoV-2 IgG assay; (2) rising nAb titers are
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associated with increasing values in the SARS-CoV-2 assay; and (3} the probability profile for

the SARS-CoV-2 1g( assay corresponds to high titer levels in the PRNT assay.

{85731 Example 10: Use of Assay Formats in Connection with Subjecis Receiving One
or More SARS-CoV-2 Vaccinations

{95721 A total of 1090 healthcare workers who received the Phizer-BioNTech vaccination
(BNT162b2) at a medical center in Southern California were evaluated using the assay format
described in Examples 2, 5 and 7 to quantify circulating levels of SARS-CoV-2 anti-
nucleocapsid (N} protein IgG and anti-spike {8) protein Ig( at 3 time pounts: {1} before or up to

3 days after dose 1; (2) within 7 to 21 days after dose 1; and (3} within 7 to 21 days after dose 2.

More specifically, the CH-marked Abboit anti-8 SA

assessing anti-$ 1g(G. An ACE?2 binding infubition assay (Abbott Laboratories internally

developed prototype assay) that correlates well with the SARS-CoV-2 plaque reduction
neutralization test methodology and exhibits a hugh correlation with the Abbott anti-5 SARS-
CoV-2 1gG 11 Quantitative antibody assay threshold (r*=0.95) was also used.

{8873 All participants provided survey data on medical hustory, inchuding prior SARS-CoV-
2 exposures and infection, in addition to data on symptoms experienced after each dose of
vaccine. Prior SARS-CoV-2 infection status and timing were determined i relation to date of
the first vaccine dose received, based on concordance of data on SARS-CoV-2 diagnosis
documented in the elecironic health record, presence of anti-N 1gG antibodies at baseline pre-
vaccination testing, and the self-reported survey mformation collected. Antibody fevel and
symptom responses between those with and without a prior SARS-CoV-2 diagnosis were
compared. In addition to between-group comparisons at each time point, the time point shafted
levels of antibody response for those with a prior SARS-CoV-2 diagnosis (at baseline and
following dose 1} compared to those without a prior SARS-CoV-2 diagnosis {(following dose 1
and dose 2) were examined.

J8574] A total of N=1090 vaccine recipients provided at least one blood sample for antibody
testing. Of thus total sample, N=980 (7% with prior SARS-CoV-2 infection) provided baseline
{pre-vaccine) samples, N=525 (35 with prior infection) provided samples after dose 1, and 239

{11 with prior infection} provided samples after dose 2. A total of 217 individuals {10 with prior
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mfection) provided blood samples at all 3 time points. For both anti-N IgG (representing
response to prior infection) and anti-S Ig(3 (representing response to either prior infection or
vaccing), SARS-CoV-2 recovered persons had expectedly higher antibody levels at all time
points (FIG. 10 and Tables 10A-10B, with sensitivity analysis at all 3 time points shown in
Tables 10C-10D}. Specifically, anti-5 1gG levels were only slightly lower in SARS-CoV-2
recovered persons at baseline, when compared to infection naive persons who had received a
single vaccing dose. Moreover, anti-S Ig(3 levels were not significantly different between SARS-
CoV-2 recovered persons following a single dose and infection naive persons who had recetved
2 doses.

{95751 Table 10A — Comparison of antibody levels between participants with and without
prior SARS-CoV-2 infection at matched time points. Values are shown as median and
mterquartile range [JOR] with comparisons performed with two-sided Wilcoxon tests. Sample
sizes at baseline, after Dose 1, and after Dose 2 included: N=903, N=490, and N=228 for

mfection naive persons; and N=78, N=23_ and N=11 for persons with prior infection.

Ne Prios infaction Prios faction ¥ value
Log pGB-RBL}
Sasaine QERD, LY SO WS, B <SRG
Alfter Dows 1 FARITH 0B8R, HigY <3 00
Aoy Doss 2 QBB 1.8 WH{18], 107} <G
Loglgdimy
Baseling BHEM S 33 SR ME 1A <00
After Sose ¥ O3RN AT S8 6, 13 =38
Alar {ove 3 SRTRAT L RA AR <5
e
Hacoline D238 AN Q.3 LS, BB <3 Q0N
Afer Sose ¥ Q1B {13 N ERCE MR §.43
Aty Dose 2 TR LS -0, ) 8869
ALEZ Siading, %
Afiar Doge A2/ BN 8 RS 7.4, WO S EREtH
After Dose ¥ S88 B89, F FERERER RS IR <B.00%

{85761  Table 10B - Comparison of antibody levels between participants with and without
prior SARS-CoV-Z infection at shifted time points. Values are shown as median and
mterquartile range [TQR] with comparisons performed with two-sided Wilcoxon tests. Sample
sizes at baseline, after Dose 1, and After Dose 2 included: After Dose 1, and After Dose 2
mcluded: N=903, N=490, and N=228 for infection naive persons; and N=78, N=25, and N=11

for persons with prior infection.
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Mo Privr afRealiosy Frior Mfectin P yaie
Aner Dose ¥ At Baspline
L0 INGHSRB0Y THBI T8 XX QH0E
Log BN 28038, 1R 45 {08, 1.2 .001
Lag PRy G LR O EORHE R R GO

Log IgfHa - REDY

After Daga
RBWA R

After Dose ¥
088, Wi}

Loy RGEE 27388, -1.8 BN I <001
Log IS 8.7 (R34 Q404,10 Q.80
ACES bireling, % 95.9 10N, 0.2} H6.8 BEA, HON D50

{85771 Table 10C — Sensitivity analysis companising antibody levels between participants
with and without prior SARS-CoV-2 infection at matched time points. Values are shown as
median and interquartie range [IQR] with comparisons performed with two-sided Wilcoxon

tests. The sample with data available at all time pomts included N=207 infeciion naive persons

Ko Brivr Infechan Brive Infetion P valug
Lag KEHE-RIDY
NSRS S T 8 I 3 <101
Aftsr Dnses [B T8 102 R4, R Rt Re
After Dane & 8884 33 H6 M0 108 .00
Lo gGiNY
Sasetine 3D AR, 0 QTN AN QI
Sy Dose R.TPRIR 1.6} & MY, 1.2) «{.301
Attar Dosa 2 RT3 ALY DU R LY e
Loy IgAS) ' '
RS B2 PE R L2 MR O Lstira
Afar Dosg t PERtR SR RN G MR, 1.0} Q.48
At Klose 3 §7 R34, 18} IR R Y RN
ACED binding, %

Riter Dose 4
Afiar Gose 2

GERTII, Y

{8578]  Table 10D — Sensitivity analysis comparing antibody levels between participants with
and without prior SARS-CoV-2 infection at shifted time points. Values are shown as median
and interquartile range [1QR], with comparisons performed using two-sided Wilcoxon tests. The

sample with data available at all time points included N=207 infection naive persons and N=10
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{8579  In parallel with analyses of antibody response, it was observed that overall frequency

and severity of post-vaccine symptoms were more prominent for SARS-CoV-2 recovered after
dose 1 compared to infection naive persons after dose 2. Additionally, as shown in FIG. 9, anti-
S g levels were vot significandly ditferent between previously infected persons following a
single dose and infection naive persons who had received 2 doses. Additionally, 1t was found
that ACE2 binding inhibition was signmificantly higher among previously infected individuals
than infection naive participants after a single vaccine dose with no between-group difference
seen after the second dose. In time shufted analyses, there was no difference m ACE2 binding
between participants with prior SARS-CoV-2 infection after a single dose compared with
mfection naive participants following 2 doses as shown in FIG. 11, Finally, as shown i FIG. 12,
previously infected individual experienced significant post-vaceine symptoms (1.e.,
reactogenicity ) more frequently than mfection naive persons following dose 1. However, there
was no between-group difference n significant symptoms following dose 2.

{9588}  The present disclosure has multiple aspects, iHustrated by the following non-limiting
examples.
18588} It 13 understood that the foregoing detailed description and accompanying examples
are merely lustrative and are not to be taken as limitations upon the scops, which is defined
solely by the appended claims and their equivalents.

{85821  Varous changes and modifications to the disclosed embodiments will be apparent to

those skilled 1n the art. Such changes and modifications, including without limitation those

relating to the chemical structures, substituents, derivatives, intermediates, syntheses,
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composttions, formulations, or methods of use, may be made without departing from the spirit
and scope thereof.

18583}  For reasons of completeness, vartous aspects are set out in the following numbered
clauses:

19584] Clause 1. A method for detecting a presence or determining an amount of at least one
anti-B-coronavirus antibody i a subject, the method comprising the steps of.

{9588  a) contacting at least one biological sample from the subject, either simultaneously or
sequentially, in any order, with

18586}  at least one first specific binding partner comprising at least one B-coronavirus isolated
polypeptide or variant thereof, selected from a C-terminal domain of a nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domain of a nucleocapsid
protein and a receptor binding domain (RBD) of a spike protein, wherein the polypeptide
specifically binds to at least one B-coronavirus antibody in the sample, and

{0587]  at least one second specific binding partner comprising a detectable label,

{8588}  thereby producing one or more first complexes comprising the first specific binding
partner-anti-B-coronavitus antibody-second specitic binding partner; and

{8588  b) assessing a signal from the one or more fust complexes, wherein the amount of
detectable signal from the detectable label indicates the presence or amount of anti-B-coronavirus
anttbody in the sample,

{8598] Clause 2. The method of clause 1, wherein the anti-B-coronavirus antibody s an anti-
SARS-CoV antibody or an anti-SARS-CoV-2 antibody.

{85881 Clause 3. The method of any of clauses 1 or 2, wherein the anti-B-coronavirus
anttbody is an anti-SARS-CoV-2 antibody.

{35821 Clause 4. The method of any of clauses 1-3, wherein the biological sample 13 whole
blood, serum, plasma, saliva, a nasal mucus specimen, an oropharyngeal specimen, anal swab
spectmen, or 4 nasopharyngeal specimen.

{68431 Clause 5. The method of any of clauses 1-4, wherein the 1solated polypeptide s a
fusion polypeptide.

{85841 Clause 6. The method of any of clauses 1-5, wherein the at least one isolated
polypeptide has a length of about 5,6, 7,8 9,10, 11, 12, 13, 14, 15,16, 17, 18 19, 20, 21, 22,
23,24 25,26, 27,28, 29,30, 31, 32, 33, 34, 35, 36,37, 38, 30, 40, 41, 42, 43, 44, 45, 46, 47, 48,
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49,50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 63, 69, 70, 71, 72, 73, 74,
75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119,120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214,215,216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
233, 234, 233, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268
272,272, 273, 274, 275, 276, 277, 278 280, 281, 282, 283, 284, 285

290, 201, 292, 293, 294, 295, 296, 207, 298, 299, 300
309, 310, 311, 312, 313,
328,329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340
347, 348, 349, 350, 351, 352, 353, 354, 355, ;
366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384,
385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403,
404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422,
423, 424, 425 432, 433, 434, 435, 436 440, 441,
442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460,
461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479,
480, 481, 482, 483, 484, 485, 486, 487, 488, 48, 490, 401, 492, 493, 494, 495, 496, 497, 498,
499, 500, 501, 502, 503, 504, 503, 506, S07, 508, 509, 510, 511, 512, 513, 514, 515, 516, 517,
518, 519, 520, 521, 522, 523, 524 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536,
537, 538, 539, 540, 541, 54 5, 547, 548, 549, 550, 551, 552, 553, 554, 555,
556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573, 574,
575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 392, 593,
594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612,
613, 614, 615, 616, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631,
632, 633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 650,
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651, 652, 653, 654, 655, 656, 657, 658, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669,
670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 630, 631, 682, 683, 684, 685, 686, 687, 688,
689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707,
708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725, 726,
27,728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743, 744, 745,
746, 747, TAB, 749, 750, 751, 752, 753, 754, 755, 756, 757, 758, 759, 760, 761, 762, 763, 764,
765, 766, 767, 768, 769, 770, 771, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781, 782, 783,
784, 785, 786, 787, 88, 789, 790, 791, 792, 793, 704, 795, 796, 797, 798, 799, 800, 801, §02,
803, 804, S05, 806, 807, 808, 809, 810, 8§11, 812, 813, 814, 815, 816, 817, 818, 819, 820, 821,
822, 823, 824, 825, 826, $27. 828, 879, 830, 831, 832, §33, §34, 835, 836, 837, 838, 839, §40,
841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 853, 854, §55. §56, 857, 858, 859,
860, 861, 862, R63, 864, 865, 866, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877, §78,
879, 830, S81, 882, 883, 884, 885, 856, $87, 888, B9, 890, 891, 892, 893, 894, §95, 896, 8Y7,
898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915, 916,
917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 933,
936, 937, 938, 939, 940, 941, 942, 943, 944, 945, 046, 047, 948, 949, 950, 951, 952, 953, 934,
955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973,
974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 985, 986, 987, 988, 989, 990, 991, 992,
993, 994, 995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009,
1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024,
1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039,
1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1045, 1050, 1051, 1052, 1053, 1054,
1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1063, 1069,
1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083, 1034,
1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099,
1100, 1101, 1102, 1103, 1104, 1108, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114,
1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129,
1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144,
1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158, 1159,
1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174,
1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189,
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1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204,
1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219,
1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228 1229, 1230, 1231, 1232, 1233, 1234,
1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249,
1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264,
1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279,
1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294,
1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309,
1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324,
1325, 1326, 1327, 1328, 1320, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339
1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354,
1355, 1356, 1357, 1358, 1350, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369,
1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384,
1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399,
1400, 1401, 1402, 1403, 1404, 1403, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414,
1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429,
1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444,
1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1434, 1435, 1456, 1457, 1458, 1439,
1460, 1461, 1462, 1463, 1464, 1463, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474,
1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 148&§, 1489,
1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499 or 1500 amino acids.

{85851 Clause 7. The method of any of clauses 1-6, wherem the isolated polypeptide 15 a C-
terminal doman of a nucleocapsid protein, said polypeptide having a length of about 5,6, 7, §, 9,
10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35,
36, 37,38, 39,40, 41,42, 43, 44, 45, 46, 47, 48,49, 50, 51, 52, 53, 34, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66,67, 68,69, 70, 71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, &4, 85, 85, 87,
8% 89 90, 91,92, 93,94, 95, 96, 97, 9%, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,
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186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 200, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223
224,225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242
243,244, 245, 246 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261,
262, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278, 279, 280,
282, 283, 284, 285, 286, 287, 288, 289, 290, 201, 202, 293, 294, 295, 296, 297, 298, 299,
302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313. 314, 315, 316, 317, 318,
321,322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337,
338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356
357, 358,359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375,

376,377,378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394,

A .

395, 396, 397, 398, 399, 400, 401, 402, 403, 404 or 405 amino acids.

3

18396} Clause 8. The method of any of clauses 1-7, wherein the isolated polypeptide is a C-
terminal domain of a nucleocapsid protein, said polypeptide having a length of about 5, 6,7, §,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
38, 36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, SS, 56, 57, 538, 39, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 7S, 76, 77, T8, 79, 80, 81, 82, 83, 84, 85, 8o,
87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 10S, 106, 107, 108,
109, 110, F1E, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172. 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224,225,226,227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241,
242 243, 244 245, 246, 247, 248, 249 or 250 amingo acids.

{68971 (lause 9 The method of any of clauses 1-4, wherein the isolated polypeptide isa a
receptor binding domain (RBD) of a spike protein, said polypeptide having a length of about §,
6,7.8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30, 31, 32
3,34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72. 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
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85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,

127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,

146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,

165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,

185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,

203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,

204,225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240,

241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259,

260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278,

279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 204, 295, 296, 297
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316,
317,318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,
355,356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373,
2, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,
393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411
415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
5, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449
450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487,
488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506,
515, 516, 517, 518, 519, 520, 521, 522, 523, 524
526, 527, 528, 529, 530, 531, 532, 533, 534
546, 547, 548, 549, 550, 551, 552
1, 565, 566, 567, 568, 569, 570, 571, 572, 573
584, 585, 586, 587, 588, 589, 590, 591, 5
602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617, 618
621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 635, 636, 637, 638, 639,
640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 650, 651, 652, 633, 654, 655, 656, 657, 638,
659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677,

2

581, 582,
597, 598, 599, 600, 601,
619, 620,
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678, 679, 630, 681, 682, 683, 684, 635, 686, 687, 688, 689, 690, 691, 692, 693, 694, 695, 696,
697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714, 715,
716, 717, 718, 719, 720, 721, 722, 723, 724, 725, 726, 727, 728, 729, 730, 731, 732, 733, 734,
735, 736, 737, 738, 730, 740, 741, 742, 743, 744, 745, 746, TAT, 748, 749, 750, 751, 752, 753,
754, 755, 756, 757, 758, 759, 760, 761, 762, 763, 764, 765, 766, 767, 768, 769, 770, 771, 772,
773,774, 775, 776, 777, 778, 779, 780, 781, 782, 783, 784, 785, 786, 787, 788, 789, 790, 701,
792, 793, 794, 795, 796, 797, 798, 799, 800, 801, 802, 803, 804, 805, 306, 807, 808, 809, 810,
811, 812, 813, 814, §15, 816, 817, 818, 819, 820, 821, 822, 823, 824, 825, 826, 827, 828, §29,
830, 831, §32, 833, 834, 835, 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, B4R,
849, 850, 851, 832, 853, §54. 855, 856, 857, 858, 859, $60, $61, 862, 863, 864, 865, 866, §67,
868, 869, 870, 871, 872, 873, 874, 875, 876, 877, 878, 879, 8]0, 881, 882, §83, §84, 885, 886,
887, 888, 889, 890, 891, $92. 893, 894, 895, 896, 897, §98, §99, 900, 901, 902, 903, 904, 9053,
906, 907, 908, 909, 910, 911, 912, 913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, 924,
925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 939, 940, 941, 942, 943,
044, 045, 946, 947, 948, 949, 950, 951, 952, 953, 934, 955, 956, 957, 958, 959, 960, 961, 962,
963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977, 978, 979, 980, 981,
982, 983, 984, 985, 986, 987, 988, 989, 990, 991, 992, 993, 994, 995, 996, 997, 998, 999, 1000
or 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013, 1014, 1015,
1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030,
1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045,
1046, 1047, 1043, 1049, 1050, 1051, 1052, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060,
1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 1070, 1071, 1072, 1073, 1074, 1075,
1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090,
1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 1103, 1104, 1105,
1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114, 1115, 1116, 1117, 1118, 1119, 1120,
1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135,
1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145, 1146, 1147, 1148, 1149, 1150,
1151, 1152, 1153, 1154, 1155, 1156, 1157, 1158, 1159, 1160, 1161, 1162, 1163, 1164, 1165,
1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1178, 1179, 1180,
1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190, 1191, 1192, 1193, 1194, 1195,
1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210,
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1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220, 1221, 1222, 1223, 1224, 1225,
1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235, 1236, 1237, 1238, 1239, 1240,
1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255,
1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265, 1266, 1267, 1268, 1269, 1270,
1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 1280, 1281, 1282, 1283, 1284, 1285,
1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300,
1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315,
1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330,
1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1345,
1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, 1360,
1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375,
1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390,
1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400, 1401, 1402, 1403, 1404, 1405,
1406, 1407, 1408, 1400, 1410, 1411, 1412, 1413, 1414, 1415, 1416, 1417, 1418, 1419, 1420,
14271, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435,
1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445, 1446, 1447, 1448, 1449, 1450,
1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461, 1462, 1463, 1464, 1465,
1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1484,
1481, 1482, 1483, 1484, 14835, 14806, 1487, 1488, 1489, 1490, 1401, 1492, 1493, 1494, 1495,
1496, 1497, 1498, 1499 or 1500 amino acids.

[8598] (Clause 10 The method of any of clauses 1-9, wherein the at least one anti-B-
coronavirus antibody ts an Ig(s antibody, an IgM antibody, or an IgG anttbody and an IgM
anttbody.

{35981 Clause 11, The method of any of clauses 1-10, wherein the at least ove first specific
binding partner comprises at least one 1solated polypeptide from a C-termmal domam of a
nucleocapsid protem from a B-coronavirus, wherein said specific binding partoer specifically
binds to {a} an IgG antibody; (b} an IgM antibody; or (b} both an Ig( and feM antibody.
19688} Clause 12, The method of any of clauses 1-11, wherein the at least one first specific
binding partner comprises at least one isolated polypeptide from a recepior binding domain

{RBD) of a spike protein from a B-coronavirus, wherein said specific binding partner
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specifically binds to {a} an [gG antibody; and (b} an IgM antibody; or (b) both an fgG and IgM
anttbody.

19681}  Clause 13, The method of any of clauses 1-12, wherein the at least one second
specific binding partner is an antibody.

{9682}  Clause 14 The method any of clauses 1-13, wherein the method further comprises a
pre-treatment step done at the same time as, or prior to contacting the at feast one first specific
binding partner, the at least one second specific binding partner, or the at least one first specific
binding partner and the at least one second specific binding partner, with the biological sample,
and wherein the pretreatment step optionally comprises treatment with anti-human IgG, anti-
human IgM, or anti-human IgG and anti-human IgM.

{8683} Clause 15 The method of anv of clauses 1-14, wherein the at least one first specific
binding partner s immobilized on a solid support.

18684} Clause 16, The method of any of clauses 1-16, wherein the method i3 performed in
less than about 20 minutes, optionally, less than about 5 minutes, less than about 10 minutes or
less than about 1S minutes.

{9605]  Clause 17. The method of any of clauses 1-16, wherein the method further comprises
use with at least one calibrator reagent, at least one control reagent, or at least one calibrator
reagent and at least one control reagent.

[8686] Clause 18 The method of any of clauses 1-17, wherein the method is selected from
the group consisting of an immuneassay, or a clinical chemistry assay

{86877  Clause 19 The method of any of clauses 1-18, wherem the method 15 performed using
single molecule detection, a lateral flow assay, or a point-of-care assay.

[8688]  Clause 20 The method of any of clauses 1-19, wherem the at least one second
spectfic binding partner is an anti-human-IgG IgG antibody, an anti-haman-1gM IgG antibody,
or an anti-human-lgG 1gG and an anti-human-1gM [gG antibody.

{9689 Clause 21. The method of any of clauses 1-20, wherein the method s adapted for use
in an automated system or a semi-automated system.

19618} Clause 22. The method of any of clauses 1-21, wherein the method further comprises
{a} monitoring the subject for anti--coronavirus 1gG and/or 1gM antibodies; (b} treating the

subject for a f-coronavirus; (¢} monitoring the subject for anti-B-coronavirus 1gG and/or IgM
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antibodies and treating the subject for a B-coronavirus; or {d) treating the subject for a -
coronavirus and monitoring the subject for anti-f-coronavirus IgG and/or IgM antibodies.

9611} Clause 23, A kit for performing the method of clause 1, wherein the kit comprises:
{8012 a. at least one specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-terminal domain nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domaim nucleocapsid protein
and a receptor binding domain (RBD) of a spike proten from a B-coronavirus; and

{6613} b. at least one second specific binding partner comprising at least one detectable
label.

{9514]  Clause 24, The kit of clause 23, wherein the kit further comprises, or is configured to
be used with, at least one calibrator reagent, at least one control reagent, or at least one calibrator
reagent and at least one control reagent.

19618}  Clause 25 The kit of any of clauses 23 or 24, wherein the kit further comprises at
least one sohid support.

{8616} Clause 26, The kit of any of clauses 23-25, wheremn the kit further comprises, or is
configured to be used with, at least one pretreatment reagent.

{86171 Clause 27 The kit of any of clauses 23-26, wherein the isolated polypeptide 15 a
fusion polypeptide.

{86181  Clause 28 The kit of any of clauses 23-27, wherem the at least one solated
polypeptide has a length of about 5,6, 7, &, 9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 20, 21, 22,
23,24, 25,26, 27,28, 29,30, 31, 32, 33, 34, 35, 36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49,50, 51, 52, 53, 54, 55, 56, 57, 58, SO, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76, 77, 78, 79. 80, 81, 82, 83, 84, §5, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119,120, 121, 122, 123, 124, 125,126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 173,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214,215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
233,234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,

B
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252,253,254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270,

272,272, 273, 274, 275, 276, 277, 2
290, 201, 202, 293, 294, 295, 296, 297, 208

347,348, 349, 350, 351, 352, 353, 354

385, 386, 387, 388, 389, 390, 301, 392, 393

L 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289,

. 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
312,313, 314,315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327,
8, 329, 330, 331, 332
), 361, 362, 363, 364, 365,
376,377, 378, 379, 380, 381, 382, 383
394, 395, 396, 397, 398, 399, 400, 401, 402, 403,
416, 417, 418, 419, 420

366, 367, 368, 369, 370

404, 405, 406, 407, 408, 409

423,424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441,

442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453

480, 481, 482, 483, 484, 485
499 500, 501, 502, 507

784, 78

, 435456, 457, 458, 459, 460,
, 462, 463, 464, 465, 466, 467 469, 470, 471, 472, 473, 474 6, 477, 478, 479,
486, 487, 488, 489, 490, 491, 492, 493, 404, 405, 496, 497, 498,
506, 507, 508, 509, 510, 511, 512, 513 515, 516, 517,
L 519,520, 521, 522, 523, 524, 525, 526, 527, $28, 529, 530, 531, 532, 533, 534, 535, 536,
\, 547, 548, 549, 550, 551, 552

561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573,
S, 576, 577, 578, 579, 580, 381, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592, 593,
601, 602, 603, 604 607, 608, 609, 610, 611, 612,
5, 617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629
537, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647, 648, 649
655, 656, 657, 658, 659, 660, 661, 662, 663, 664, 665, 666, 667, 668, 669,
676, 677, 678, 679, 680, 681, 682, 683, 684, 685, 636, 687
692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 7

(a4
L
o)
-
N
<
N

5

4, 555,

708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724, 725, 726,

7,728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, TAl, 742, 743, 744, 745,
746, 747, 748, 749, 750, 751, 752, 753, 754, 755. 756, 757, 758, 759, 760, 761, 762, 763, 764
765, 766, T67, 768, 769, 770, 7T, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781, 782, 783,

¥4

786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800, 801, 802,
3,804, 805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, 820, 821,

22, 823, 824, B2S, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839, 840,
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841, 842, 843, 844, 845, 846, 847, 848, 840, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859,
860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877, 878,
879, 880, 881, 882, 883, 884, 885, 886, 887, 888, 889, 890, 891, 892, 893, 894, 895, 896, 897,
898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915, 916,
917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935,
936, 937, 938, 939, 940, 041, 942, 943, 944, 945, 946, 047, 948, 949, 950, 951, 952, 953, 954,
955, 956, 957, 958, 959, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973,
974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 085, 086, 987, 988, 989, 990, 991, 992,
993, 694, 995, 996, 997, 998, 999, 1000, or 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008,
1009, 1010, 1011, 1012, 1613, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053,
1054, 1055, 1056, 1057, 1058, 1039, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068,
1069, 1070, 1071, 1072, 1673, 1074, 1075, 1076, 1077, 1078, 1679, 1080, 1081, 1082, 1083,
1084, 1085, 1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098,
1099, 1100, 1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113,
1114, 1115, 1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128,
1129, 1130, 1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143,
1144, 1145, 1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1155, 1156, 1157, 1138,
1159, 1160, 1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173,
1174, 1175, 1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188,
1189, 1190, 1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203,
1204, 1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218,
1219, 1220, 1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233,
1234, 1235, 1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248,
1249, 1250, 1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263,
1264, 1265, 1266, 1267, 1268, 1269, 1270, 1272, 1272, 1273, 1274, 1275, 1276, 1277, 1278,
1279, 1280, 1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1280, 1290, 1201, 1292, 1293,
1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323,
1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338

5
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339, 1340, 1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351,
1354, 1355, 1336, 1357, 1358, 1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366,
1369, 1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381,
1384, 1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396,
1399, 1400, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411,
1414, 1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426,
1420, 1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441,
1444, 1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456,
1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473,

1352, 1353,
1367, 1368,
1382, 1383,
1397, 1398,
1412, 1413,
1427, 1428,
1442, 1443,
1457, 1458,

1474, 1475, 1476, 1477, 1478, 1479, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488,
1489, 1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499 or 1500 amino acids.

{8519}
terminal domain nucleocapsid protein, said polypeptide having a length of about 5, 6,
11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, $3, 54, 55, 56, 37, 58, 59,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, &4, &3,

272

P N

8, 29, 30, 31, 32, 33,

Clause 29. The kit of any of clauses 23-28, wherein the isolated polypeptide is a C-

7.8, 9, 10,
34, 35, 36,
60, 61, 62,
§6, 87, 88,

89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 130, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,

206, 207, 208, 209,

A

244, 245,
263,

282, 283,

(43

226,227, 228,
246, 247
265, 266,
284, 285,
303, 304,

322,323,

264,

2
, 302,

321,

39, 340, 341, 342,

358, 359, 360, 361,

210, 211, 212,
229, 230, 231,
249, 250,

213,214, 215,
232, 233, 234,
251, 252, 253,
7, 268, 269, 270, 272, 2
. 287, 288, 289, 290,
. 306, 307, 308, 300
. 325, 326,
, 344, 345,346, 347,

216,

235,

217, 218,

236, 237, 2
1, 255, 256,
274,275, 7
. 293,294, 2
312, 313, 3

0, 331,

43
(951
(951

2

£

3

. 350, 351,
8369, 370,

219,

201, 202,
220, 221,

3, 239, 240, 2

258, 259,

277,278,

296, 297,

_315, 316,

374,

185, 186,
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377,378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395,
6, 397, 398, 399, 400, 401, 402, 403, 404 or 405 amino acids.

18628]  Clause 30, The kit of any of clauses 23-29, wherein the isolated polypeptide is a C-
terminal domain of a nucleocapsid protein, said polypeptide having a length of about 5,6, 7, &, 9,
10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27. 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66,67, 68,69, 70, 71, 72, 73,74, 75,76, 77, 78,79, 80, 81, 82, 83, &4, 85, 85, 87,
88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,
186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
208, 206, 207, 208, 200, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224,205, 206, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242,
243, 244, 245, 246, 247, 248, 249 or 250 amino acids.

{86211 Clause 31, The kit of any of clauses 23-30, wherein the isolated polypeptide 15 a
receptor binding domain (RBD) of a spike protein, said polypeptide having a length of about §,
6,7.8. 9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20, 21,22, 23, 24, 25,26, 27, 28, 29,30, 31, 32,
33,3435, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 4950, 51, 52, 53, 54. 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, T2, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 99, 100, 101, 102, 103, 104, 105, 106, 107,
108,109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127,128, 129,130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 139, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221
22223, 224,225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240
241,242, 243, 244, 245, 246, 247, 248, 240, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259,
260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 272, 272, 273, 274, 275, 276, 277, 278,
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279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 204, 295, 296, 297,
. 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311 313,314, 315, 316,
317,318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
5,337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,
360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371,
77, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,
7,398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409
4, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447
450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485
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868, 860, 870, 871, 872, 873,
887, 888, 889, 890, 891, 892,
906, 907, 908, 909, 910, 911,
925, 926, 927, 928, 929, 930,
944, 945, 946, 947, 948, 949,
963, 964, 965, 966, 967, 968,
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912, 913, 914, 915, 916, 917, 918,
931, 932, 933, 934, 935, 936, 937,
950, 951, 952, 953, 954, 955, 956,
969, 970, 971, 972, 973, 974, 975,
988, 989, 990, 991, 992, 993, 994,
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881, 882, 883, 884, 885, 836,
900, 901, 902, 903, 904, 905,
919, 920, 921, 922, 923, 924,
938, 939, 940, 941, 942, 943,
957, 958, 959, 960, 961, 962,
976, 977, 978, 979, 980, 981,
995, 996, 997, 998, 999, 1000,

1001, 1002, 1003, 1004, 1003, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013, 1014, 1015,
1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027, 1028, 1029, 1030,
1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045,
1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054, 1035, 1056, 1057, 1058, 1059, 1060,
1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 1070, 1671, 1072, 1073, 1074, 1075,
1076, 1077, 1678, 1079, 1080, 1081, 1082, 1083, 1084, 1085, 1086, 1087, 1088, 1089, 1090,
1091, 1092, 1093, 1094, 1695, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 1103, 1104, 1105,
1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, 1114, 1115, 1116, 1117, 1118, 1119, 1120,
1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130, 1131, 1132, 1133, 1134, 1135,
1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145, 1146, 1147, 1148, 1149, 1150,
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1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1178, 1179, 1180,
1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190, 1191, 1192, 1193, 1194, 1195,
1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205, 1206, 1207, 1208, 1209, 1210,
1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220, 1221, 1222, 1223, 1224, 1225,
1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235, 1236, 1237, 1238, 1239, 1240,
1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1255,
1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265, 1266, 1267, 1268, 1269, 1270,
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1331, 1332, 1333, 1334, 1335
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1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375,
1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385, 1386, 1387, 1388, 1389, 1390,
1391, 1392, 1393, 1394, 1395, 1396, 1307, 1398, 1399, 1400, 1401, 1402, 1403, 1404, 1405,
1406, 1407, 1408, 1400, 1410, 1411, 1412, 1413, 1414, 1415, 1416, 1417, 1418, 1419, 1420,
1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435,
1436, 1437, 1438, 1430, 1440, 1441, 1442, 1443, 1444, 1445, 1446, 1447, 1448, 1449, 1450,
1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460, 1461, 1462, 1463, 1464, 1465,
1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476, 1477, 1478, 1479, 1480,
1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488, 1489, 1490, 1491, 1492, 1493, 1494, 1495,
1496, 1497, 1498, 1499 or 1500 amino acids.

(O8]

18622} Clause 32, The lut of any of clauses 23-31, wherein the at least one second specific
binding partner is an anti-species kg (e ¢, anti-human-fgG gG) antibody, an anti-species Ight
{e.g., anti-human-igM 1gG) antibody, or an anti-species IgG (e.g., anti-human-IgG Ig(3) and an
anti-species {gM (e g, anti-human-1gM 1gG) amtibody.

186231  Clause 33, The kit of any of clauses 22-32, wherewn the kit is adapted for use with an
automated or senu-automated system.

{86241 Clause 34, A system for detecting an anti-B~coronavirus antibody in a biological
sample obtained from a subject comprising:

{8625}  at least one first specific binding partner comprising at least one P-coronavirus isolated
polypeptide or vasiant thereof sefected from a C-terminal domain nucleocapsid protein, a
receptor binding domam (RBD) of a spike protein, or a C-terminal domain nucleccapsid protem
and a receptor binding domain (RBD} of a spike protein from a -coronavirus that specifically
binds to at least one B-coronavirus antibody and at least one second specific binding partner
comprising at least one deteciable label; and

{8626]  at least one device for detecting the at least one label from the complex.

86277 Clause 35. The system of clause 34, wherem the device for detecting the label from
the complex 1s automated or semi-automated.

19628}  Clause 36, The system of any of clauses 34-35, wherein the anti-B-coronavires

antibody is anii-SARS-CoV antibody or anti-SARS-CoV-2 antibody.
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19629 Clause 37, The system of any of clauses 34-36, wherein the anti-B-coronavirus
anttbody is an anti-SARS-CoV Ig( antibody, an anti-SARS-CoV IgM antibedy, an anti-SARS-
CoV-2 1gG antibody, an anti-SARS-CoV-2 IgM antibody, or any combination thereof

{8838} Clause 38 The system of any of clauses 34-37, wherein the at least one second
specific binding partner is an anti-species 12G {(e.g., anti-human-Ig( 1gG) antibedy, an anti-
species IgM {e.g., anti-human-1gM 1gG) antibody, or an anti-species gt {e.g., anti-human-lgG
1g() and anti-species 1gM {e.g., anti-human-1gM 1g(G) antibody.

{8631f  Clause 39, The method of any of clauses 1-22, wherein the method further employs
use of a calibrator or a conirol comprising a sequence of monoclonal antibody CR3018 or
CR3022.

{8632} Clause 40. The method of any of clauses 1-22 or 39, wherein the at least one first
specific binding partner is a C-terminal domain nucleocapsid protein or variant thereof that (1)
has an amino acid sequence of SEQ 1D NO:1; (2) 1s a fusion protein comprising an untiator
aming acid methionine and the sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ ID
NG 7y, GPTDST (SEGQ ID N(O:23), and amino acids 211 10 419 of SEQ 1D NO:2; (3) 1s & fusion
protein comprising an intiator amino acid methionme and the sequences GPQSNQ (SEQ 1D
NG:22), RSAPRITFG (SEQ ID NO7), GPTDST (SEQ ID NO:23), and amino acids 211 to 419
of SEQ 1D NO:2; or (4) has an amino acid sequence of amino acids 210 1o 419 of SEQ 1D NG:2.
{86331  Clause 41 The method of any of clauses 1-22 or 39, wherein the at least one furst
specific binding partner is a receptor binding domain (RBD) of a spike protein or vanant thereof
that has an amino acid sequence of amino acids 319 to 542 of SEQ ID NO:1S or SEQ ID NG:17.
{86341  Clause 42, The kit of any of clauses 22-33, wherein the kit further comprises at least
one calibrator or control comprising a sequence of monoclonal antibody CR3018 or CR3022.
{36357 Clause 43, The kut of any of clauses 22-33 or 42, wherein the at least one first specific
binding partner i3 a C-terminal domain nucleocapsid protein or variant thereof that (1) has an
amino acid sequence of SEQ 1D NGO 1; {2} 1s a fusion protein comprising an initiator amino acid
methionme and the sequences GPONG (SEQ ID NG:21), RSAPRITFG (SEQ 1D NO: 7y,
GPTDST (SEQ D NO:23), and anuno acids 211 to 419 of SEQ 1D NG:2; (3} 1s a fusion protein
comprising an initiator anuno acid methionine and the sequences GPQSNQ (SEQ 1D NO:223,
REAPRITEG (SEQ ID NO7), GPTDST (SEQ 1D NO:23), and amino acids 211 10 419 of SEQ
1D NO:2; or {4) has an amino acid sequence of amine acids 210 10 419 of SEQ 1D NG:2.
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18636}  Clause 44, The kit of any of clauses 22-33 or 42, wherein the at least one first specific
binding partner is a receptor binding domain (RBD) of a spike protein or variant thereof that has
an amino acid sequence of amime acids 319 10 542 of SEQ 1D NO:15 or SEQ ID NO:17.

[8837] Clause 45, The system of clanses 34-38, wherein the at least one first specific binding
partner is a C-terminal domain nucleocapsid protein or variant thereof that (1) has an amino acid
sequence of SEQ 1D NG:1; (2) 15 a fusion protein comprising an initiator amino acid methionine
and the sequences GPONQ (SEQ 1D NO:21}, RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D
NO:23), and amino acids 211 t0 419 of SEQ ID NO:2; (3) 15 a fusion protein comprising an
mitiator amino acid methionine and the sequences GPQSNG (SEQ 1D NG 22), RSAPRITFG
{SEQ 1D NOG:7), GPTDST (SEQ 1D NO:23), and amino acids 211 10 419 of SEQ ID NG:Z; or (4)
has an amino acid sequence of amine acids 210 to 419 of SEG ID NO:2.

{8638} (Clause 46. The system of clauses 34-38, wherein the at least one first specific binding
partner is a receptor binding domain (RBD) of a spike proteimn or variant thereof that has an
aming acid sequence of amino acids 319 to 542 of SEQ 1D NG: 15 or SEQ 1D NO:17.

18639}  Clause 47 Inan improvement of 3 method of detecting an anti-B~coronavirus
antibody i a biological sample, wherein the method comprises detecting a complex comprising
a furst specific binding partner, said sample anti-B-coronavirus antibody, and a second specific
binding partner comprising at least one detectable label, wherein the tmprovement comprises
using a first specific binding partner comprising at least one isolated polypeptide from a C-
terminal domain of a B~coronavirus nucleocapsid protem or a variant thereof,

{86487 Clause 48, In the improvement of clause 47, wheremn the first specific binding partner
is a C-ternunal domain nacleocapsid protein or vanant thereof that (1) has an amino acid
sequence of SEQ 1D NO:1; {2) 1s a fusion protein comprising an injtiator amino actd methionine
and the sequences GPONQ (SEQ 1D NO: 21}, RSAPRITFG (SEQ ID NGO 7y, GPTDST (SEQ 1D
N:23), and amino acids 211 to 419 of SEQ ID NG:2; (3} 15 a fusion profein comprising an
mitiator amine acid methionine and the sequences GPQSNQG (SEQ 1D N(:22), RSAPRITFG
{SEQID NOT), GPTDST (SEQ ID NO:23), and anuno acids 211 to 419 of SEQ ID NG:Z; or (4)
has an amino acid sequence of amino acids 210 to 419 of SEG ID NO:2.

{8841} Clause 49 In an improvement of a method of detecting an anti-f~coronavirus
antibody in a biological sample, wherein the method comprises detecting a complex comprising

a first specific binding partner, said sample anti-B-coronavirus antibedy, and a second specific
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binding partner comprising at least one detectable label, wherein the improvement comprises
using a first specific binding partner comprising at least one isolated polypeptide from a receptor
binding domain {RBD} of a B-coronavirus spike protein or a variant thereof

{8842]  Clause 50. In the improvement of clause 49, wherein the first specific inding pariner
is a receptor binding domain (RBD) of a spike protein or variant thereof that has an amino acid
sequence of amino acids 319 to 542 of SEQ 1D NG5S or SEQ ID NO:17.

i9643]  Clause 51, A method for detecting a presence or determining an amount of at least
one anti-B-coronavirus antibody in a subject, the method comprising the steps of:

{8644}  a) contacting at least one biological sample from the subject, either simultaneously or
sequentially, in any order, with

[8645]  at least one first specific binding partner comprising at least one P-coronavirus isolated
polypeptide or variant thereof, selected from a C-terminal domain of a nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domain of a nucleocapsid
protein and a receptor binding domain {RBD) of a spike protein, wherein the polypeptide
specifically binds to at least one B-coronavirus antibody in the sample, and

{8646]  at least one second specific binding pariner comprising a detectable label,

{86471 thereby producing one or more first complexes comprising the first specific binding
partner-anti-B-coronavirus antibody-second specific binding partner; and

{86481  b) assessing a signal from the one or more furst complexes, wheremn the amount of
detectable signal from the detectable label indicates the presence or amount of anti-B-coronavirus
anttbody i the sample.

{8648  Clause S2. The method of clause 51, wherein the anti-B-coronavirgs antibody is an
anti-SARS-CoV-2 antibody.

{83658]  Clause 53. The method of any of clauses 51 or 52, wherein the biological sample 15
whole blood, serum, plasma, saliva, a nasal mucus specimen, an anal swab spectmen, an
oropharyngeal specimen, or a nasopharyngeal specimen.

{66511 Clause 54, The method of any of clauses 51-53, wherein the at least one anti-f3-
coronavirus antibody is an anti--coronavirus IgG antibody, an anti-B-coronavirus IgM antibody,
or an anti-B-coronavirus {gG antibody and an anti-B-coronavirus IgM antibody.

18652]  Clause 55 The method of any of clauses 51-54, wherein the at least one first specific

binding partner comprises at least one isolated polypeptide from a C-terminal domain of a
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nucleocapsid protein from a B-coronavirus, wherein the method is carried out so that said
specific binding partner specifically binds to (2} an anti-B-coronavirus 1gG antibody; (b} an anii-
B-coronavirus IgM antibody; or (b} both an anti-B-coronavirus 1gG and an anti-B-coronavirus
IgM antibody.

186531  Clause 56, The method of any of clauses 51-54, wherein the at least one first specific
binding partner comprises at least one isclated polypeptide from a receptor binding domain
(RBD) of a spike protein from a B-coronavirus, wherein the method is carnied out so that said
specific binding partner specifically binds to (a) an anti-B-coronavirus 1gG antibody: (b} an anti-
B-coronavirus IgM antibody; or (b) both an anti-f-coronavirus Ig(G antibody and anti-B-
coronavirus IgM antibody.

{8654} Clause 37 The method of any of clauses 51-36, wherein the at least one second
specific binding partner is an anti-species [gG {e.g., anti-human-1gG 1g(G) antibedy, an anti-
species 1gM (e.g., anti-human-1gM 1gG) antibody, or an (e.g., anti-human-IgG 1gG) antibody
and an anti-species IgM (e.g., anti-human-fgM fgG} antibody.

{86351 Clause 58, The method of any of clauses 51-55, wherein the at least one first specific
binding partner s a C-terronal domain nucleocapsid protein or variant thereof that

{86561 (1) has an anuno acid sequence of SEQ ID NO:1; (2) 1s a fusion protem comprising an
mttiator amino acid methionine and the sequences GPONQ (SEQ 1D NG:21), RSAPRITFG
(SEQ ID NO:7), GPTDST (SEQ ID NO:23), and amino acids 211 to 419 of SEQ ID NO:2: (3)
is a fusion protemn comprising an mitiator amine acid methionime and the sequences GPQSNGQ
(SEQ ID N(:22), RSAPRITFG (SEQ ID N7}, GPTDST (SEQ ID NO:23), and amino acids
211 to 419 of SEQ 1D NO:2; or (4) has an amino acid sequence of amino acids 216 to 419 of
SEQ ID NO:2.

{83657 Clause 59, The method of any of clauses 51-54 or 56, wherein the at least one
first specific binding partoer is a receptor binding domain (RBD) of a spike protein or variant
thereof that has an amino acid sequence of anuno acids 319 to 542 of SEQ ID NG 1S or SEQ ID
NG:17.

19658] Clause 60. The method of clauses 58 or 59, wherein the method is carried out
s that the at least one fisst specific binding partner binds to (a) an anti-SARS-CoV-2 [gG
antibody; (b} an anti-SARS CoV-2Z IgM antibedy; or {¢}) both an anti--coronavirus 1gG antibody

and anti-B-coronavirus [gM antibody.
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18659 Clause 61, The method of any of clauses 51-60, wherein the method
comprises detecting:

18660} {a} at least one anti-SARS-CoV-2 1gG antibody in at least one bislogical sample
obtained from a subject wherein the at least one first specific binding pariner i3 a C-terminal
domain nucleocapsid protein or vanant thereof that (1) has an amino acid sequence of SEQ 1D
NG:1; (2) 15 a fusion protein comprising an intfiator amino acid methionine and the sequences
GPONQ (SEQ ID NO:21), RSAPRITFG (SEG ID NOT), GPTDST (SEQ ID NO:23), and
amuinc acids 211 to 419 of SEGQ ID NOG:Z; (3) 1s a fusion protein comprising an initiator amino
actd methionine and the sequences GPQSNQ (SEQ 1D NO:22), RSAPRITFG (SEQ 1D NO:7),
GPTDST (SEQ 1D NO:23), and amino acids 211 t0 419 of SEQ 1D NO:2; or (4) has an amino
acid sequence of amino acids 210 to 419 of SEQ 1D NO:2 and specifically binds to at least one
anti-SARS-CoV-2 IgG antibody, and/or

18661} {b) at least one anti-SARS-CoV-2 ¥gM antibody in at least one biological sample
obtained in a subject wherein the at least one first specific binding partner wherein the at least
one first specific binding partner 13 a receptor binding domain (RBD) of a spike protein or
variant thereof that has an amino acid sequence of amino acids 319 to 342 of SEQ ID NG 15 or
SEQ 1D NG:17 and specifically binds to at least one anti-SARS-CoV-2 IgM antibody; and
{9682} wherein the at least one anti-SARS-CoV-2 IgG antibody and/or at least one anti-
SARS-CoV-2 IgG antibody are detected 1 a single biological sample obtained from the subject
or in multiple biological samples obtained from the subject; and

8663} further wherein, when at least one anti-SARS-CoV-2 1g( antibody and at least
one anti-SARS-CoV-2 1gG antibody are detected simultanecusly or sequentially, in any order, m
a single biological sample obtained from the subject or in multiple biological samples obtained
from the subject.

{8664]  Clause 62 The method of any of clauses 51-61, wherem the method further
comprises detecting SARS-CoV-2 from at least one biological sample obtained from the subject,
said at least one biclogical sample being a single biological sample or multiple biological
samples.

{8865%]  Clause 63. The method of clauses 61 or 62, whergin the SARS-CoV-2 1s detecied by

its viral RNA using polymerase chain reaction, or by iis viral antigen.
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18666} Clause 64. The method of any of clause 61-63, wherein said multiple biological
samples are obiained at the same or different times.

19667}  Clause 65. The method of any of clauses 61-64, wherein the method further
comprises detecting whether the subject is i

19668} (o) an mitial period of nfection without any antibodies being produced, when the at
ieast one biological sample obtained from the subject is positive for viral RNA or viral antigen,
negative for anti-SARS-CoV-2 IgM antibodies, and negative for anti-SARS-CoV-2 1
antibodies; and/or

18669}  (b) an early acute phase of infection, and is developing an tmmune response to the
virus and producing antibodies, when the at least one biological sample obtained from the
subject is positive for viral RNA or viral antigen, positive for an anti-SARS-CoV-2 IgM
antthodies, and negative for anti-SARS-CoV-2 IgG antibodies; and/or

19678}  (c) an early acute phase of infection or had a false negative viral RNA result or viral
antigen result, or a false positive anti-SARS-CoV-2 IgM antibody result, when the at least one
biological sample obtained from the subject 15 negative for viral RNA, positive for anti-SARS-
CoV-2 1gM antibodies, and negative for anti-SARS-CoV-2 [gG antibodies; and/or

{86711 (d) an acute phase of wnfection, and 15 progressing 1o an immune response, when the at
least one biological sample obtained from the subject is positive for viral RNA or viral antigen,
posttive for anti-P-coronavirus IgM antibodies, and positive for anti-SARS-CoV-2 IgG
antibodies; and/or

{86721 {e} a late acute phase of infection, or has developed a recurvent infection with SARS-
CoV-2, when the at least one biclogical sample obtained from the subject 1s positive for viral
RNA or viral antigen, negative for anti-SARS-CoV-2 1gM antibodies, and postiive for anti-
SARS-CoV-2 Ig( antibodies; and/or

{86731 (D) alate acute phase of mfection or recovery phase, or had a false nggative viral RNA
result, when the at least one biological sample obtamed from the subject is negative for viral
RNA or viral antigen, positive for anti-B-coronavirus IgM antibodies, and positive for anti-
SARS-CoV-2Z Ig(y antibodies; and/or

{8874} (o) recovery phase when the at least one biological sample obtained from the subject is
negative for viral RNA or viral antigen, negative for anti-SARS-CoV-2 1gM antibodies and

posttive for anti-SARS-CoV-2 Ig( antibodies; and/or
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18675} (h) recovery phase when the at least one bislogical sample obtained from the subject is
negative for viral RNA or viral antigen and negative for anti-SARS-CoV-2 [gM antibodies and
anti-SARS-CoV-2 [g( antibodies.

[#876] Clause 66. The method any of clauses 51-65, wherein the method further comprises a
pre-treatment step done at the same time as, or prior to, contacting the at least one first specific
binding partner, the at least one second specific binding partner, or the at least one first specific
binding partner and the at feast one second specific binding partner, with the biological sample,
and wherein the pretreatment step optionally comprises treatment with anti-human 1gG, anti-
human IgM, or anti-human IgG and anti-human g

{9977 Clause 67. The method of any of clauses 51-66, wherein the at least one first specific
binding partner is immobilized on a solid support.

{8678} (Clause 68 The method of any of clauses 51-67, wherein the method ts performed in
less than about 20 minutes, optionally, less than about 5 minutes, less than about 10 nunutes or
iess than about 15 minutes.

{86781  (Clause 69 The method of any of clauses 51-68, wherein the method further
comprises use with at least ove calibrator reagent, at least one conirol reagent, or at least one
calibrator reagent and at least one control reagent.

{96881  Clause 70. The method of any of clauses 51-69, wherein the method further employs
use of at least one calibrator or a control comprising a sequence of monoclonal antibody CR3018
or CR3022.

[8681] Clause 71, The method of any of clauses 51-70, wherein the method 15 selected from
the group consisting of an immunocassay, or a clinical chemistry assay,

{86821 Clause 72, The method of any of clauses 51-71, wherem the method 18 performed
using single molecule detection, a fateral flow assay, or a point-of-care assay.

{86831  (lause 73, The method of any of clauses 51-72, wherem the method 13 adapted for
use in an automated system or a semi-automated system.

{6684F  Clause 74, The method of any of clauses 51-73, wherein the method further
comprises {a) monitoring the subject for anti-f-coronavirus, optionally, SARS-CoV-2, 1gG
and/or 1gM antibodies; (b) treating the subject for a B-corenavirus, optionally, SARS-CoV-2; {¢}
monitoring the subject for anti-B-coronavirus, optionally, SARS-CoV-2, 1gG and/or IgM

anttbodies and treating the subject for a B-coronavirus, optionally, SARS-CoV-2; or {(d) treating
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the subject for a B-coronavirus, optionally, SARS-CoV-2 and monttoring the subiect for anti-B-
coronavirus, optionally, SARS-CoV-2, 12G and/or 1gM antibodies.

19685} Clause 75, A kut for performing the method of clause 51, wherein the kit comprises:
{8086} a. at least one specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-terminal domain nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domaim nucleocapsid protein
and a receptor binding domain (RBD) of a spike proten from a B-coronavirus; and

{6687} b. at least one second specific binding partner comprising at least one detectable
label.

{0088 Clause 76. The kit of clause 73, wherein the kit further comprises, or is configured to
be used with, at least one calibrator reagent, at least one control reagent, or at least one calibrator
reagent and at least one control reagent.

19689} Clause 77. The kit of any of clauses 75 or 76, wherein the kit further comprises at
least one sohid support.

{86981 Clause 78 The kit of any of clauses 75-77, wheren the kit further comprises, or is
configured to be used with, at least one pretreatment reagent.

[86811  Clause 79 The kit of any of clauses 75-78, wherein the 1solated polypeptide 13 a
fusion polypeptide.

{8692}  Clause 80 The lut of any of clauses 75-79, wheremn the at least one second specific
binding partner 1s an anti-species [gG {(e.g., anti-human-IgG [g(G) antibody, an anti-species IgM
{e.g., anti-human-igM IgG) antibody, or an anti-species IgG {e.g., anti-human-lgG 1gG) and an
anti-species {gM (e.g., anti-human-IgM 1gG) antibody.

{86931 Clause 81, The kit of any of clauses 75-80, wherein the kat further comprises at least
one calibrator or control comprising a sequence of monoclonal antibody CR3018 or CR3022.
{8684  (Clause 82 The kit of any of clauses 75-81, wherein the at least one first specific
binding partner 1s a C-termminal domain nucleocapsid protein or variant thereof that

{8695F (1) has an amino acid sequence of SEQ 1D NO:1; (2) 1s a fusion protein comprising an
mitiator amino acid methionine and the sequences GPONQ (SEQ 1D NO:21), RSAPRITFG
{(SEQ 1D NG7), GPTDST (SEQ ID NO:23), and anuno acids 211 to 419 of SEG ID NG:2; (3)
1 a fusion protein comprising an imtiator amine acid methionine and the sequences GPQSNG

(SEQ ID NO:22), RSAPRITFG (SEQ ID NO.7), GPTDST (SEQ ID NO:23), and amino acids
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211 t0 419 of SEQ 1D NG:2; or (4) has an amino acid sequence of amino acids 210 to 419 of
SEQID NO:2.

19696}  Clause 83, The kut of any of clauses 75-81, wherein the at least one first specific
binding partner is a receptor binding domain (RBD) of a spike protein that has an aming acid
sequence of amino acids 319 to 542 of SEQ 1D NG 15 or SEQ 1D NO:17.

{9697F  Clause 84, The kit of any of clauses 75-83, wherein the at least one first specific
binding partner binds to (3} an anti-B-coronavirus 1g(G antibody, (b) an anti-B-coronavirus IgM
antibody, or {¢} combinations of {a} and {b}.

18698} Clause 85 The kit of any of clauses 75-84, wherein the kit i5 adapted for use with an
automated or semu-automated system.

{8699 Clause 86. A system for detecting an anti-B-coronavirus antibody in a biological
sample obtained from a subject comprising:

19788]  at least one first specific binding partner comprising at least one B-coronavirus isolated
polypeptide or variant thereof selected from a C-terminal domain nucleocapsid protein, a
receptor binding domain (RBIY) of a spike protein, or a C-termunal domain nucleocapsid protein
and a receptor binding domain {(RBD) of a spike protein from a B-coronavirus that specifically
binds fo at least one B-coronavirus antibody and at least one second specific binding partner
comprising at least one detectable label; and

{8781} at least one device for detecting the at least ove label from the complex.

{9782} Clause 87 The system of clause 86, wherein the device for detecting the label from
the complex 1s automated or semi-auntomated.

{37831 Clause 88, The system of any of clauses 86-87, wherein the ani-B-coronavirus
anttbody is an anti-SARS-CoV-2 antibody.

{37847 Clause 89, The system of any of clause 88, wherein the anti-SARS-CoV-2 antibody 13
an anti-SARS-CoV-2 1g( antibody, an anti-SARS-CoV-2 1gM antibody, or any combination
thereof.

{7657 Clause 90, The system of any of clauses 86-89, wherein the at least one second
specific binding partner is an anti-species IgG {e g, anti-human-1g( {gG) antibody, an anti-
species {gM (e.g., anti-human-1gM 1gG) antibody, or an anti-species [g( {e.g., anti-human-lgG

1gG) and anti-species IgM {e.g., anti-human-1gM [gG) antibody.
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19786]  Clause 91, The system of clauses 86-90, wherein the at least one first specific binding
partner is a C-terminal domain nucleccapsid protein or variant thereof that (1) has an amino acid
sequence of SEQ D NG 1 (2) 15 a fusion protein comprising an initiator amino acid methionine
and the sequences GPONG (SEQ ID NO:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEG ID
N(:23), and amino acids 211 t0 419 of SEQ 1D NO:2; (3} 15 a fusion protein comprising an
mitiator amino acid methionine and the sequences GPOQSNQ (SEQ 1D NO:22), REAPRITFG
(SEQ 1D NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 16 419 of SEQ {D NO:2; or (4}
has an amino acid sequence of amine acids 210 to 419 of SEQ 12 NO:2.

197871 Clause 92, The system of clauses 86-90, wherein the at least one first specific binding
partner 15 a receptor binding domain (RBD} of a spike protein or variant thereof that has an
amino acid sequence of amino acids 319 to 542 of SEQ 1D NO:15 or SEQ ID NG:17.

{8768} Clause 93, The system of clause 86-92, wherein the at least one first specific inding
partner binds to (3} an anti-B-coronavirus 1gG antibody, (b} an anti-B-coronavirus 1gM antibody,
or {¢} combinations of (a) and (b}.

[9789]  Clause 94, Inan mmprovement of 3 method of detecting an anti-B~coronavirus
antibody i a biological sample, wherein the method comprises detecting a complex comprising
a furst specific binding partner, said sample anti-B-coronavirus antibody, and a second specific
binding partner comprising at least one detectable label, wherein the tmprovement comprises
using a first specific binding partner comprising at least one isolated polypeptide from a C-
terminal domain of a B~coronavirus nucleocapsid protem or a variant thereof,

{9718 Clause 95 Inan improvement of a method of detecting an anti-f~coronavirus
antibody i a biological sample, wherein the method comprises detecting a complex comprising
a first specific binding partner, said sample anti-B-coronavirus antibody, and a second specific
binding partner comprising at least one detectable label, wherein the improvement comprises
using a first specific binding partner comprizing at least one solated polypeptide from a receptor
binding domain {RBD} of a B-coronavirus spike protemn or g variant thereof

{711 Clause 96, In the improvement of clause 94, wherein the first specific binding partner
is a C-ternunal domain nucleocapsid protein or vanant thereof that (1) has an amino acid
sequence of SEQ 1D NOG:1; (2) is a fusion protein comprising an initiator amino acid methionine
and the sequences GPONQ (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D

NG:23}, and amino acids 211 to 419 of SEQ 1D NG:Z; (3} is a fusion profein comprising an
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mitiator amino acid methionine and the sequences GPQSNQG (S8EQ 1D NO:22), RSAPRITFG
{(SEQ 1D NG7), GPTDST (SEQ ID NO:23), and anino acids 211 to 419 of SEGQ ID NG:2; or (4)
has an amino acid sequence of amino acids 210 to 419 of SEGQ ID NO:2.

{#712] Clause 97. In the improvement of clause 95, wherein the first specific inding pariner
is a receptor binding domain (RBD) of a spike protein or variant thereof that has an amino acid
sequence of amino acids 319 to 542 of SEQ 1D NG5S or SEQ ID NO:17.

7131 Clause 98, In the improvement of clauses 96 or 97, wherein the at least one first
specific binding partner binds to {a) an anti-P-coronavirus g antibody, (b} an anti-f-
coronavirus IgM antibody, or (¢} combinations of (a) and (b).

Clause 99. The method of any of clauses 51-74, wherein the method further comprises
identifying a subject having one or more anti-B-coronavirus 1eG and/or anti-B-coronavirus IgM
antibodies as a candidate subject to provide a biological sample for use in convalescent therapy
against a B-coronavirus.

{8714}  Clause 100. The method of clause 99, wherein the biological sample 15 a plasma
sample.

{9718]  Clause 101, The method of any of clauses S1-74, wherein the method nvolves
deternuning an amournt or quantity of at least one anti-B-coronavirus antibody 1o a subject based
on the amount of detectable signal assessed.

{@716]  Clause 102. The method of clause 101, wherein at least one anti-B-coronavirus
antibody 15 an anti-SARS-CoV-2 1gG antibody.

{97177 Clause 103, The method of clause 102, wherein the at least one firat specific binding
partner is a receptor binding domam (RBD)} of a spike protem or vanant thereof that has an
amino acid sequence of amino acids 319 10 542 of SEQ 1D NO:15 or SEQ 1D NG: 17 and
specifically binds to at least one anti-SARS-CoV-2 1g( antibody.

{8718 Clause 104, The method of clause 103, wherein the at least one second specific
binding partner s anti-human-IgG IgG antibody.

{7191 Clause 105, The system of any of clauses 86-93, wherein the system further
comprises determining an amount of at least one anti-B-coronavirus antibody based on the
amount of label detected from the at least one complex.

19728] Clause 106, The system of clause 105, wheremn at least one anti-B-coronavirus

antibody is an anti-SARS-CoV-2 gl antibody.
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19723} Clause 107, The system of clause 106, wherein the at least one first specific binding
partner is a receptor binding domain (RBD) of a spike protein or variant thereof that has an
amino acid sequence of amino acids 319 to 542 of SEQ 1D NO:1S of SEQ 1D NG:17 and
specifically binds to at least one anti-8ARS-CoV-2 Ig( antibody.
197221 Clause 108, The system of clause 107, wheremn the at least one second specific
binding partner is an anti-human-1gG IgG antibody.
187231 Clause 109, In an improvement of a method or system for determining an amount of
an anti-SARS-CoV-2 Ip( antibody in a subject based on the amount of detectable signal
assessed, wherein the improvement comprises: {a} a linear assay range of up to 50,000 AU/mL;
{b) determining an amount in arbitrary units (e.g., AU/mL} rather than an index; and/or (¢}
improved detection of positive samples as compared to other assays.
{9734}  Clause 110. A method of predicting outcome in a subject that is or was infected with
SARS-CoV-2, the method comprising the steps of:

a) detecting an anti-SARS-CoV-2 1gG antibody in at least one biological sample obtained

from the subject within a first ten days after onset of symptoms of SARS-CoV-2 infection;

b} detecting an anti-SARS-CoV-2 IgM antibody in the at least one hiclogical sample
obtatned from the subject within the first ten days after onset of symptoms of SARS-CoV-2

infection;

¢} deterrmining which of the anti-SARS-CoV-2 1gG or anti-SARS-CoV-2 IgM antibody

detected i a) and b) first appears in the subject;

d} predicting that the subject 1s more likely to have an unfavorable outcome if anti-
SARS-CoV-2 IgG antibody first appears in the subject prior to the appearance of anti-SARS-
CoV-2 IgM antibody; and

e) predicting that the subject 1s not more likely to have an unfavorable outcome if anti-
SARS-CoV-2 Ig(G antibody first appears in the subject at the same tiroe or after the appearance

of anti-SARS-CoV-2 IgM antibody.

197281 Clause 111, A method of predicting outcome m a subject that 1s or was infected with
SARS-CoV-2, the method comprising the steps of!
a} detecting an anti-SARS-CoV-2 [gG antibody 10 at least one biological sample obtamed
from the subject within a first ten days after onset of syraptoms of SARS-CoV-2 infection;
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b} detecting an anti-SARS-CoV-2 IgM antibody in the at least one biclogical sample
obtained from the subject within the first ten days after onset of symptoms of SARS-CoV-2

nfection;

¢} deternmining which of the anti-SARS-CoV-2 1gG or anti-SARS-CoV-2 IgM antibody

detected in a) and b) first appears in the subject;

d) predicting that the subject 15 more likely to have an unfavorable cutcome if anti-
SARS-CoV-2 Ig( antibody first appears in the subject prior (o the appearance of anti-SARS-

CoV-2 IgM antibody; and

e} predicting that the subject 1s more likely to have an favorable cutcome if anti-SARS-
CoV-2 1e( antibody first appears in the subject at the same time or after the appearance of anti-

SARS-CoV-2 IgM antibody.

{#726] Clause 112. The method of clause 110 or 111, whereim the subject is hospitalized for
symptoms of SARS-CoV-2.

{#727F Clause 113. The method of any of clavses 110-112, wherein (i) the anti-SARS-CoV-2
1gG antibody and the one anti-SARS-CoV-2 IgM antibody are detected in the same biological
sample; or (i1} the anti-SARS-CoV-2 1gG antibody and the anti-SARS-CoV-2 IgM antibody are
detected in different biological samples.

{9728]  Clause 114. The method of any of clauses 110-113, wherein the anti-SARS-2 {gG
antibody and the anti-SARS-CoV-2 IgM antibody are (1) detected on the same day within the
first ten days after onset of symptoms; {(11) detected on different days within the first ten days
after the onset of sympioms.

{8738 Clause 115. The method any of clauses 110-114, wherein the anti-SARS-CoV-2 1gG
anttbody 1s detected in at least one biological sample obtained from the subject within the first
day after the onset of symptoms, within the second day after the onset of symptoms, within the
third day afier the onset of symptoms, within the fourth day after the onset of symptoms, within
the fifth day after the ouset of symptoms, within the sixth day after the onset of symptoms,
within the seventh date after the onset of syraptoms, within the eighth day after the onset of
symptoms or within the ninth day after the onset of symptoms.

{97381 Clause 116, The method of any of clauses 110-114, wherein the anti-SARS-CoV-2
IgM antibody 15 detected 1 at least one biological sample obtained from the subject within the
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first day after the onset of symptoms, within the second day after the onset of symptoms, within
the third day after the onset of symptoms, within the fourth day of infection, within the fifth day
after the onset of symptoms, within the sixth day after the onset of symptoms, within the seventh
date after the onset of symptoms, within the eighth day after the onset of symptoms or within the
ninth day after the onset of symptoms.
9731 Clause 117. The method of any of clauses 110-116, wherein the unfavorable cutcome
is death.
{7331 Clause 118, A method of predicting outcome in a subject that is or was infected with
SARS-CoV-2, the method comprising the steps of

a) obtaining a signal-to~-calibrator ratio (8/CQO) from an assay of at least one anti-SARS-
CoV-2 1gM antibody in at least one biological sample obtained from the subject at least ten days

after onset of symptoms of SARS-CoV-2; and

b} predicting that the subject is more likely than not to have an unfavorable outcome if
the S/CO ratio of anti-SARS-CoV-2 1gM antibody determined in the biclogical sample is equal

to or greater than about 10 8/CO.

{9733} Clause 119. The method of clause 118, wherein the subject 15 hospitalized for
symptoms of SARS-CoV-2.

{0734}  Clause 120. The method of clause 118 or clause 119, further comprising that the
subject is more likely than not to have an unfavorable cutcome if the level of anti-SARS-CoV-2
IgM antibody determined in the biological sample 1s between about 10 8/C0 to asbout 15 8/CO.
{@738]  Clause 121. The method of clauses 110-120, wherein the method 5 selected from the
group consisting of an immuncassay, or a clirucal chemistry assay.

[9736]  Clause 122 The method of any of clauses 110-121, wherein the method 15 performed
using single molecule detection, a lateral flow assay, or a point-of-care assay.

97371 Clause 123, A method for detecting a presence or determining an amount of at least
one anti-SARS-CoV-2 I1g( neutralizing antibody in a subject, the method comprising the steps
of:

{9738} a) contacting at least one biclogical sample from the subject, either simultaneously or
sequentially, 1 any order, with

738 at least one first specific binding pariner comprising at least one SARS-CoV-2 1solated

polypeptide or variant thereof, wherein said polypeptide comprises at least one receptor binding
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domain (RBD) of a spike protein, and further wherein the polypeptide specifically binds to at
least one anti-SARS-CoV-2 IgG neutralizing antibody in the sample, and

19748]  at least one second specific binding pariner comprising a detectable label,

{9743} thereby producing one or more first complexes comprising the first specific binding
partner-anti-SARS-CoV-2 1g( neutralizing antibody-second specific binding partner; and

{7421  b) assessing a signal from the one or more first complexes, wherem the amount of
detectable signal from the detectable label indicates the presence or amount of anti-SARS-CoV-2
1eG neutralizing antibody.

19743} Clause 124 The method of clause 123, wherein the biclogical sample is whole blood,
serum, plasma, saliva, a nasal mucus specimen, an anal swab specimen, an oropharyngeal
specimen, of a nasopharvngeal specimen.

{8744]  Clause 125. The method of clauses 123 or clause 124, wherein the at least one second
specific binding partner is an anti-species 1gG {e.g., anti-human-fgG {eG) antibody, an anti-
species IgM (e g., anti-human-1gM 1gG) antibody, or an anti-species [gG {e.g., anti-human-lgG
1g¢5) and an anti-species IgM {e.g., anti-human-TgM 1gG) antibody.

{8745  Clause 126. The method of any of clauses 123, wherein the at least one first specific
binding partner has an amino acid sequence of amino acids 319 to 342 of SEQ 1D NG: 1S or SEQ
D NG

{@7461  Clause 127. The method of any of clauses 123-126, wherein the method further
comprises detecting the anti-SARS-CoV-2 [g( neutralizing antibody from at least one biological
sample obtained from the subject, said at least one biological sample being a single biological
sample or multiple biological samples.

{97471 Clause 128 The method of any of clauses 123-127, wherein the at least one first
specific binding partner is tmmobilized on a sohid support.

{#7481 (Clause 129, The method of any of clauses 123-128, wherein the method 13 performed
i less than about 20 minutes, optionally, fess than about 5 minutes, less than about 10 minutes
or less than about 15 minutes.

19749} Clause 130, The method of any of clauses 123-129, wherein the method further
comprises use with at least one calibrator reagent, at least one control reagent, or at least one

calibrator reagent and at least one control reagent.
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19758} Clause 131. The method of any of clauses 123-130, wherein the method further
employs use of at least one calibrator or a control comprising a sequence of monocional antibody
CR3018 or CR3022.

@751  Clause 132. The method of any of clauses 123-131, wherein the method 15 selected
from the group consisting of an immunoassay, or a clinical chemistry assay.

{9752 Clause 133. The method of any of clauses 123-132, wherein the method is performed
using single molecule detection, a lateral flow assay or a point-of-care assay.

{67531 Clause 134. The method of any of clauses 123-133, wherein the method 1s adapted for
use in an automated system or a semi-automated system.

{9754 Clause 135. The method of clause 52, wherein the method further comprises detecting
at least one anti-SARS-CoV-2 Ig(G neutralizing antibody.

{9755]  Clause 136, The method of clause 52, wherein the method demonstrates high
qualitative agreement with a plaque reduction neutralization assay {e.g., of Broad Institute).
{9786} Clause 137. The method of clause 52, wherein increasing amounts of anti-SARS-
CoV-2 lg(x antibodies as detected by the method are associated with mereasing amounts {e.g,
rising titers) of anti-SARS-CoV-2 1gG neutralizing antibodies.

@737 Clause 138, The method of claim 32, wherein probability profile for the method
corresponds to high titer levels in the plague reduction neutralization assay {e.g., of Broad
Institute) such that there is a high probability of the levels of anti-SARS-CoV-2 IgG antibodies
determined by the method being at or above the levels of anti-SARS-CoV-2 Ig( neutralizing
anttbodies determined in the plaque reduction neutralization assay {¢.g., of Broad Institute).
{87381 Clause 139, The method of clause 52, whergin the method comprises obtaining the at
ieast one biological sample from the subject at a critical time of from about fourteen {14) days to
about thirty-five (35} days after onzet of symptoms of SARS-CoV-2.

#7581 (lause 140, The method of clause 134, wherein the method further comprises
determuning that the subject: {1} more likely than not will develop or expertence at least one of a
cytokine storm, acute respiratory distress syndrome (ARDS), or a combination of a cytokine
storm and ARDS f anti-SARS-CoV-2 1gM antibody, anti-SARS-CoV-2 IgG antibody, or anti-
SARS-CoV-2 IgM anitbody and anti-SARS-CoV-2 IgG antibody are not detected in the
biclogical sample within the critical time; or (it} more likely than not will not develop or

experience at least one of a cytokine storm, ARDS, or a combination of a cytokine storm and

2990



WO 2021/211332 PCT/US2021/026149

ARDS if anti-SARS-CoV-2 IgM antibody, anti-SARS-CoV-2 1gG antibody, or anti-SARS-CoV-
2 1gM antibody and anti-SARS-CoV-2 12 antibody are not detected in the biological sample
within the critical time.

{@7af]  Clause 141, The method of any of clauses 58 or 61, wherein the variant of the
nucleocapsid protein comprises: (1) an amine acid substitution replacing serine with
phenylalanine at position 235 within amino acids 210 15 419 of SEQ 1D NO:2; or (11} SEQ 1D
NG:24.

{#701f  Clause 142, The kit of clause 82, wherein the variant of the nucleocapsid protein
comprises {1} an amino acid substitution replacing sering with phenylalanine at position 235
within amino acids 210 to 419 of SEQ ID NG:2; or (11) SEQ ID NG:24.

{97621 Clause 143, The system of clause 91, wherein the variant of the nucleocapsid protein
comprises: {1} an amino acid substitution replacing serine with phenylalanine at position 235
within amine acids 210 to 419 of SEQ 1D NO:2; or (1) SEQ 1D NG:24.

19763} Clause 144. The improvement of clause 96, wherein the variant of the nucleocapsid
protemn comprises: (1) an amino acid substitution at position S235F within amino acids 210 1o
419 of SEQ ID NO:2; or (1) SEQ ID NG:24.

{9764] Clause 145 The method of any of clauses 39, 61, 103, 126, wherein the vaniant of the
RBD of a spike protem comprises one or more aming substitutions within antine acids 319 to
542 of SEQ 1D NOS:! 135 or 25 replacing lysine with asparagine at position 417, replacing
glutamic acid with lysine at position 484, and/or replacing asparagine with tyrosine at position
501,

{37651 Clause 146, The gystem of any of clauses 92 or 107, wherein the variant of the RBD
protein comprises one of more amino substitutions within amino acids 319 to 542 of SEQ 1D
NOS:1S or 25 replacing lysine with asparagine at position 417, replacing glutamic acid with
lysine at posttion 484, and/or replacing asparagine with tyrosine at position 501,

8766}  Clause 147, The improvement of clause 97, wherein the varant of the RBD proten
comprises one or more amino substitutions within amino acids 319 to 542 of SEQ ID NOS: 15 or
25 replacing lysine with asparagine at position 417, replacing glutamic acid with lysine at
posttion 484, and/or replacing asparagine with tyrosine at position 501,

18767} Clause 148. The method of any of clauses 52 to 74, 118 o 141, or 145, wherein the

anti-SARS-CoV-2 antibody detected or determined specifically binds to a variant
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19768}  a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (8235F); (2} replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5}
replacing alanine with threconine at amino acid position 376 {A3767T); or {6} any combinations of
{1)-(5}, etther alone or combined with any other substitutions and/or defetions it amino acids
210-419 of SEQ 1D NO:2 other than those recited m {(1)-(5);

18769]  b) of the RBD of a spike protein having one or more substitutions, deletions ora
substitution and deletion at positions 319-342 of SEQ 1D NO:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N}; (2} replacing lysine with threonine at
aming acid position 417 (K4177Ty; (3) replacing leucine with arginine at anuno acid position 452
{L452R); (4) replacing serine with asparagine at annine acid posttion 477 {S477N); (5} replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6} replacing asparagine with
tyrosine at amino acid position 301 (N30O1Y); or {7) any combmnations of (1)-(6), either alone or
combined with any other substitutions and/or deletions i amino acids 319-542 of SEQ ID
NG:1S other than those recited w (13-(6); or

{9718 ¢} froma SARS-CoV-2 virus comprising any combination of a) and b).

@771} Clause 149 The method of any of clauses 62 to 74, wherein the SARS-CoV-2
detected comprises a varant:

{87721 a}of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: {1) replacing serine
with phenylalanine at amino acid position 235 {(S235F}; {2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3) replacing lysine with asparagine at amino acid position
373 (K373N}, (4} replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)
replacing alanine with threonine at amine acid position 376 (A376T}; or (63 any combmations of
{1}-(5}, etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ ID NO:2 other than those recited in (1)-(5);

{#773F  b) of the RBD of a spike protein having one or more substitutions, deletions ora
substitution and deletion at positions 319-542 of SEQ 1D NO:15 comprising (1) replacing lysine

with asparagine at amino acid position 417 (K417N}; (2) replacing lysine with threonine at
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amino acid position 417 (K4177T}; (3) replacing leucine with arginine at amino acid position 452
{L452R); {4) replacing serine with asparagine at amine acid position 477 (8477N}; {5) replacing
glutamic acid with lysine at aming acid position 484 (E484K}; (6} replacing asparagine with
tyrosine at amino acid position 5301 (N301YY); or (7} any combinations of {1)-(6}, either alone or
combined with any other substitutions and/or deletions in amino acids 319-342 of SEQ 1D
NQ:15 other than those recited in (13-(6); or

774 ¢} from a SARS-CoV-2 virus comprising any combimation of a} and b).

{9775F  Clause 150, The kit of any of clauses 75 to 85 or 142, wherein the anti-B-coronavirus
antitbody detected or determined is an anti-SARS-CoV-2 antibody that specifically binds to a
variani:

19776]  a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with soleucine
at anmino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at ammno acid position 377 (D377Y); (5)
replacing alarune with threonine at anuno acid position 376 (A376T); or (6) any combinations of
{1}~(5), either alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited m {1)-(5);

{87771 b) of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO:15 comprising (1) replacing lysine
with asparagine at ammo acid position 417 (K417N}; (2) replacing lvsine with threonine at
amino acid position 417 (K417T}; (3) replacing leucine with arginine at amino acid position 452
{1.452R)}; (4) replacing serine with asparagine at anino acid position 477 (S477NK}); (5) replacing
glutamic acid with lysine at amino acid position 484 {(E484K); (6} replacing asparagine with
tyrosine at amino acid position 301 (NSO1Y); or (7} any combinations of {1)-(6), either alone or
combined with any other substitutions and/or deletions 1 anuno acids 319-5342 of SEQ ID
NQ:15 other than those recited in (13-(6}; or

19778} ¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

#7781 Clause 151. The system of any of clauses 86 to 93, 143 or 146, wherein the anti-§-
coronavirus antibody detected is an anti-SARS-CoV-2 antibody that specifically binds to a

variant:
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18788}  a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (8235F); (2} replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5}
replacing alanine with threconine at amine acid position 376 {A3767T); or {6} any combinations of
{1)-(5}, etther alone or combined with any other substitutions and/or defetions it amino acids
210-419 of SEQ 1D NO:2 other than those recited m {(1)-(5);

187811 b) of the RBD of a spike protein having one or more substitutions, deletions ora
substitution and deletion at positions 319-342 of SEQ 1D NO:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N}; (2} replacing lysine with threonine at
aming acid position 417 (K4177Ty; (3) replacing leucine with arginine at anuno acid position 452
{L452R); (4) replacing serine with asparagine at annine acid posttion 477 {S477N); (5} replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6} replacing asparagine with
tyrosine at amino acid position 301 (N30O1Y); or {7) any combmnations of (1)-(6), either alone or
combined with any other substitutions and/or deletions i amino acids 319-542 of SEQ ID
NG:1S other than those recited w (13-(6); or

{9782 ¢} froma SARS-CoV-2 virus comprising any combination of a) and b).

{97831 Clause 152 The mmprovement of any of clauses 94 to 98, 144 or 147, wherein the anti-
B-coronavirgs antibody detected 1s an anti-SARS-CoV-2 antibody that specifically binds to a
variant;

{3784}  a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D N(O:2Z comprising: (1) replacing senne
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with isoleacine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at armuno acid posttion 377 (B377Y); (53
replacing alanine with threonine at anuno acid position 376 (A3767T); or {6) any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1} NO:2 cther than those recited in (1)-(5);

18785} b} of the RBD of a spike protein having one or more substitutions, deletions ora

substitution and deletion at positions 319-542 of SEQ 1D NO: 1S comprising (1) replacing lysine
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with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at
amino acid position 417 (K4177T}; (3} replacing leucine with arginine at amino acid position 452
{(L452R); (4) replacing serine with asparagine at amine acid position 477 {8477N); (5) replacing
elutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
tyrosine at amino acid position 501 (N501Y); or (7) any combinations of {1}-{6), either alone or
combined with any other substitutions and/or deletions m aming acids 319-542 of SEQ D
N(:15 other than those recited in (1)-{6); or
{786 ¢} from a SARS-CoV-2 virus comprising any combination of a) and b).
197871  Clause 153 A method for detecting a presence or determining an amount of af
{east one type of anti-SARS-CoV-2 antibody in a subject, the method comprising the steps of:
19788}  a) contacting at least one biological sample from the subject, either simultaneously ar
sequentially, in any order, with at least one type of first specific binding pariner comprising at
least one type of P-coronavirus isolated polypeptide or variant thereof, selected from a C-
terminal domain of a nucleocapsid protein, a receptor binding domain (RBD) of a spike protein,
or a C-terminal domain of a nucleocapsid protein and a receptor binding domain (RBD) of a
spike protein, wherein the polypeptide specifically binds to at least one type of anti-SARS-CoV-
2 antibody n the sample, and
{9788 at least one type of second specific binding partner comprising a detectable label,
thereby producing one or more types of first complexes comprising the first specific binding
partner-anti-SARK-CoV-2 antibody-second specific binding pariner; and
b} assessing a signal from the one or more types of first complexes, wherein the amount of
detectable signal from the detectable label indicates the presence or amount of at least one type
of anti-f-coronavirus antibody n the sample.

Clause 154. The method of clause 153, wherein the at least one type of anti-SARS-
CoV-2 antibody specifically binds to a variant:

a} of the nucleocapsid protemn having one or more substitutions, deletions or g
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1} replacing serine
with phenylalanine at amino acid position 235 (8235F); (2} replacing methionine with iscleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at aming acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5}

replacing alanine with threonine at amine acid position 376 {A3767T); or {6) any combinations of
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{1)-(5}, etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ I} NO:2 other than those recited in (1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO: 1S compnising {1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threonine at
amino acid position 417 (41771} (3) replacing leucine with arginine at anuno acid position 452
(L45ZRY; (4) replacing serine with asparagine at aming acid position 477 (S477N); (5) replacing
elutamic acid with lysine at amino acid position 484 (E484K); {6} replacing asparagine with
tyrosine at amino acid position 501 (NSO1Y); or (7} any combinations of {1)-(6), either alone or
combined with any other substitutions and/or deletions in amino acids 319-542 of SEQ ID
NG 18 other than those recited i (1)}+(6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

Clause 155 The method of clauses 153 or 154, wherein the biological sample 15 whole
blood, serum, plasma, saliva, a nasal mucus specimen, an anal swab specimen, an oropharyngeal
specirnen, of a nasopharyngeal specimen,

Clause 156, The method of any of clauses 1533-155, wherein the at least one type of
anti-SARS-CoV-2 antibody 1s an IgG antibody, an IgM antibody, or TeG antibody and an IgM
antibody.

Clause 157 The method of any of clauses 153-156, wherein the at least one type of
first specific binding partner comprises at least one isolated polypeptide from a C-terminal
domain of a nucleocapsid protein from a B-coronavirus, wherein the method is carried out so that
said specific binding partner specifically binds to (a) an anti-B-coronavirus 1gG antibody; {b) an
anti~B-coronavirus fgM antibody; or (b} both an anti-B-coronavirus Ig(s and an anti-f-
coronavirus IgM antibody.

Clause 158, The method of any of clauses 153-156, wherein the at least one type of
first specific binding partner comprises at least one 1solated polypeptide from a receptor binding
domain {RBD) of a spike protein from a B-coronavirus, wherein the method s carried out so that
said specific binding partner specifically binds to (a) an anti-B-coronavirus 1gG antibody; (b} an
anti-B-coronavirus IgM antibody,; or (b} both an anti-B-coronavirus 1g( antibody and anti-f3-

coronaviras IgM antibody.
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Clause 159, The method of any of clauses 153-158, wherein the at least one type of
second specific binding partner is an anti-species gG (e.g., anti-human-1gG 1gG) antibody, an
anti-species {gM (e.g., anti-human-IgM 1gG} antibody, or an anti-species 1gG (e g, anti-human-
151G} and an anti-species IgM (e.g., anti-human-IgM 1gG} antibody.

Clause 160.  The method of any of clauses 153-159, wherein the at least one type of
first specific binding partner is a C-terminal domain nucleocapsid protein or variant thereof that
(1} has an amino acid sequence of SEQ ID N1, (2) 15 a fusion protein comprising an initator
amino acid methionine and the sequences GPONQ (SEQ 1D NGO:21), RSAPRITFG (SEQ ID
NG:7), GPTDST (SEQ 1D NO:23), and amino acids 211 t0 419 of SEQ 1D NO:2; (3) is a fusion
profein comprising an initiator amino acid methionine and the sequences GPQSNQ (SEQ ID
NG:22), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 to 419
of SEQ 1D NO:2; or (4) has an amino acid sequence of amine acids 210 10 419 of SEQ ID NO:2

Clause 161, The method of any of clauses 153-156 or 158, wherein the at least one
type of first specific binding partuer is a receptor binding domain (RBD) of a spike protein or
variant thereof that has an amino acid sequence of amino acids 319 to 542 of SEQID NO: 1S or
SEQ ID NG:17.

Clause 162, The method of clause 160 or clause 161, wherein the method is carnied out
30 that the at least one type of first specific binding partner binds to {(a) an anti-SARS-CoV-2 IgG
anttbody; (b} an anti-SARS CoV-2 IgM antibody; or {¢) both an anti-SARS-CoV-2 1gG antibody
and anti-SARS-CoV-2 IgM antibody.

Clause 163, The method of any of clauses 153-162, wherein the method comprises
detecting:

{a) at least one anti-SARS-CoV-2 1g(3 antibody in at least one biological sample
obtained from a subject wherein the at least one type of first specific binding partner 15 a C-
terminal domam nucleocapsid protemn or variant thereof that (1} bas an amino acid sequence of
SEQ ID NOG:1; (2) 15 a fusion protem comprising an itiator amino acid methionine and the
sequences GPQNQ (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NO:7), GPTDST (SEQ 1D NO:23),
and amino acids 211 to 419 of SEQ 1D NOG:Z; (3) is a fusion protein comprising an initiator
amino acid methionine and the sequences GPQSNQ (SEQ ID NG:22), RSAPRITFG (SEQ I
NG:7), GPTDST (SEQ 1D NO:23), and amino acids 211 t0 419 of SEQ 1D NO:2 and specifically
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binds to at least one anti-SARS-CoV-2 1gG antibedy; or (4) has an aming acid sequence of
amino acids 210 to 419 of SEG ID NO:2Z, and/or

(b} at least one anti-SARS-CoV-2 IgM antibody 1n at least one biological sample
obtained in a subject wherein the at least one first specific binding pariner wherein the at least
one first specific binding partner is a receptor binding domain (RBD} of a spike protein or
variant thereof that has an amino acid sequence of amino acids 31910 542 of SEQ D NO:1S or
SEQ 1D NG:17 and specifically binds to at least one anti-SARS-CoV-2 {gM antibody; and

wherein the at least one anti-SARS-CoV-2 1gG antibody and/or at least one anti-SARS-
CoV-2 IgM antibody are detected 1n a single biological sample obtained from the subject or in
multiple biological samples obtained from the subject; and

further wherein, when the at least one anti-SARS-CoV-2 IgG antibody and at least one
anti-SARS-CoV-2 IgM antibody are detected simultaneously or sequentially, in any order, in a
single biological sample obtained from the subject or in multiple biological samples obtained
from the subject.

Clause 164, The method of any of clauses 156-163, wherein the method quantifies up
to {a) about 91% or (b} about 99% of anti-SARS-CoV-2 Ig(G antibodies.

Clause 165, The method of any of clauses 153-164, wherein the method further
comprises detecting SARS-CoV-2 from at least one biological sample obtained from the subject,
said at least one biological sample being a single biological sample or multiple hiological
samples.

Clause 166, The method of clause 165, wherein the SARS-CoV-2 detected comprises a
variant:

a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at posttions 210-419 of SEQ 1D NO:2 comprising: {1) replacing serine
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with isoleucine
at aming acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4} replacing aspartic acid with tyrosine at amuno actd position 377 (D377Y); {5)
replacing alanine with threonine at aming acid position 376 (A376T}; or {6} any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids

210-419 of SEQ ID NO:2 other than those recited 1n (13-(5);
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b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO: 1S compnising {1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at
amino acid position 417 (K41771) (3) replacing leucine with arginine at anmino acid position 452
{L452ZR}; (4) replacing serine with asparagine at aming acid position 477 {8477N}; (5) replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
tyrosine at amino acid position 301 (NS01Y); or (7} any combinations of {1)-{6), either alone or
combined with any other substitutions and/or deletions n aning acids 319-542 of SEQ D
NG 15 other than those recited in {13-{¢); or

¢y from a SARS-CoV-2 virus comprising any combination of a} and b).

Clause 167 The method of any of clauses 164-166, wherein the SARS-CoV-2 15
detected by its viral RNA using polymerase chain reaction, or by its viral antigen.

Clause 168,  The method of any of clauses 164-166, wherein said multiple biological
sarples are obtained at the same or different times.

Clause 169 The method of any of clauses 164-166, wherein the method further
comprises detecting whether the subject 15 110

{(a) an mitial period of infection without any antibodies being produced, when the at least
one hiological sample obtained from the subject is positive for viral RNA or viral antigen,
negative for anti-SARS-CoV-2 IgM antibodies, and negative for anti-SARS-CoV-2 1gG
antibodies; and/or

(b} an early acute phase of infection, and 15 developing an ummume response to the virus
and producing antibodies, when the at least one biclogical sample obtained from the subject 1s
posttive for viral RNA or viral antigen, positive for an anti-SARS-CoV-2 IgM antibodies, and
negative for anti-SARS-CoV-2 IgG antibodies; and/or

{c} an early acute phase of infection or had a false negative viral RNA result or viral
antigen result, or a false positive anti-SARS-CoV-2 IgM antibody result, when the at least one
biological sample obtained from the subject 1s negative for viral RNA, positive for anti-SARS-
CoV-2 IgM antibodies, and negative for anti-SARS-CoV-2 IgG antibodies; and/or

{d) an acute phase of infection, and is progressing in an immune response, when the at

least one biological sample obtained from the subject is positive for viral RNA or viral antigen,
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positive for anti-B-coronavirus IgM antibodies, and positive for anti-SARS-CoV-2 1gG
antibodies; and/or

(e} a late acute phase of infection, or has developed a recurrent infection with SARS-
CoV-2, when the at least one biological sample obtained from the subject is positive for viral
RNA or viral antigen, negative for anti-SARS-CoV-2 IgM antibodies, and positive for anti-
SARS-CoV-2 1g(G antibodies;

(f} a late acute phase of infection or recovery phase, or had a false negative viral RNA
result, when the at least one biological sample obtained from the subject is negative for viral
RNA or viral antigen, positive for anti-B-coronavirus IgM antibodies, and positive for anti-
SARS-CoV-2 IgG antibodies;

(g} recovery phase when the at least one biological sample obtained from the subject is
negative for viral RNA or viral antigen, negative for anti-SARS-CoV-2 IgM antihodies and
posttive for anti-SARS-CoV-2 IgG antibodies; and/or

(h} recovery phase when the at least one biclogical sample obtained from the subject is
negative for viral RNA or viral antigen and negative for anti-SARS-CoV-2 IgM antibodies and
anti-SARS-CoV-2 Ig antibodies.

Clause 170, The method any of clauses 153-169, wherein the method further
comprises a pre-treatment step done at the same fime as, or prior to, contacting the at least one
type of first specific binding partner, the at least one type of second specific binding partoer, or
the at least one type of first specific bindimg partner and the at least one type of second specific
binding partner, with the biological sample, and wherein the pretreatment step optionally
comprises freatment with anti-human {gG, anti-human IgM, or anti-hurnan {gG and anti-human
oM.

Clause 171, The method of any of clauses 153-170, wherein the at least one type of
first specific binding partoer is tmmobilized on a solid sapport.

Clause 172, The method of any of ¢lauses 153-171, wherein the method is performed
m from about 5 to about 20 minutes, less than about 20 munutes, and optionally 1s performed in
less than about 5 minutes, less than about 10 minutes or less than about 135 minutes.

Clause 173, The method of any of clauses 153-172, wherein the method further
comprises use with at least one calibraior reagent, at least one contro! reagent, or at least one

calibrator reagent and at least one conirol reagent.
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Clause 174,  The method of any of clauses 153-173, wherein the method further
employs use of at least one calibrator reagent or a control reagent comprising a sequence of
mongecional antibody CR3018 or CR3022.

Clause 175, The method of any of clauses 153-174, wherein the method 15 selected
from the group consisting of an immunoassay, or a clinical chemistry assay.

Clause 176, The method of any of clauses 153-175, wherein the method 1s performed
using single molecule detection, lateral flow assay, or a point-of-care assay.

Clause 177, The method of any of clauses 153-176, wherein the method further
comprises identifying a subject having one or more anti-SARS-CoV-2 1gG and/or anti-SARS-
CoV-2 IeM antibodies as a candidate subject to provide a biological sample for use in
convalescent therapy againstSARS-CoV-2.

Clause 178, The method of clause 177, wherein the subject 15 identified as a candidate
to provide a biological sample for use in convalescent therapy if the level of one or more SARS-
CoV-2 1eG and/or SARS-CoV-2 IgM antibodies ts from at least about 100 BAU/md to about
490 BAU/mL.; at least about 110 BAU/mL to about 4590 BAU/mL,; at least about 200 BAU/mL
to about 490 BAU/mL; at least from about 300 BAU ml to about 490 BAU/ml.; at least about
400 BAU mL to about 450 BAU/mL; at least about 100 BAU/mL; at least about 110 BAU/mL,;
at feast about 120 BAU/mL; at least about 130 BAU/mL.; at least about 140 BAU/mL; at least
about 150 BAU/mL; at least about 160 BAU/mL.; at least about 170 BAU/mL; at least about 180
BAU/mL; at least about 190 BAL/mL.; at least about 200 BAU/mL; at least about 210 BAU/mL;
at least about 220 BAU/mL.; at least about 230 BAU/mL; at least about 240 BAU/mL; at least
about 250 BAU/mml.; at least about 260 BAU/mL; at least aboui 270 BAU/mL,; at least about 280
BAU/ml.; at least about 290 BAU/mL; at least about 300 BAU/mL,; at least about 300 BAU/ml,;
at least about 310 BAU/mL; at least about 320 BAU/mL.; at least about 330 BAU/mL; at least
about 340 BAU/mL; at least about 350 BAU/mL,; at least about 360 BAU/mL; at least about 370
BAU/mL; at teast about 380 BAU/mL,; at least about 390 BAU/mL; at least about 400 BAU/mL;
at least about 400 BAU/mL; at least about 410 BAU/mL; at least about 420 BAU/mL.; at least
about 430 BAU/mL; at least about 440 BAU/mL; at least about 450 BAU/mL; at least about 460
BAU/mL; at least about 470 BAU/mL; at least about 480 BAL/mL; or at feast about 490
BAU/mL.
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Clause 179, The method of clause 178, wherein the subject is identified as a candidate
to provide a biclogical sample for use in convalescent therapy if the level of one or more SARS-
CoV-2 1gG and/or anti-P-coronavirus IgM antibodies is from at least about 500 BAU/mL to
about 650 BAU/mL; at least about 3530 BAU/mL to about 650 BAU/mL; at least about 500
BAU/mL; from at least about 510 BAU/mL; at least about 520 BAU/mL; at least about 530
BAU/mL; at least about 540 BAU/mL; at least about 550 BAU/mL to about 650 BAU/mL; at
least about 550 BAU/mL,; at least about 560 BAU/mL; atleast about 570 BAU/mL; at least
about 580 BAU/mL; at least about 590 BAU/mL; at least about 600 BAU/mL; at least about 610
BAU/mL; at least about 620 BAU/mL; at least about 630 BAU/mL; at least about 639 BAU/mL;
at least about 640 BAU/mL; or at feast about 650 BAU/mL.

Clause 180.  The method of any of clauses 153-179, wherein the method:
{(a) further comprises detecting at least one type of anti-SARS-CoV-2 IgG neutralizing
antibody;

(b} demonstrates high qualitative agreement with a plaque reduction neutralization assay;

{c} detects increasing amounts of anti-SARS-CoV-2 1z antibedies as detected by the
method that are associated with increasing amounts of anti-SARS-CoV-2 Ig( neutralizing
antibodies;

{d} has a probability profile that corresponds 1o high titer levels in the plague reduction
neutralization assay such that there 1s a high probability of the levels of anti-SARS-CoV-2 IgG
antibodies determined by the method being at or above the levels of anti-SARS-CoV-2 TgG
neutralizing antibodies determined in the plaque reduction neutralization assay; or

{e} demonstrates high qualitative agreement with an ACEZ2 binding nhibition assay.

Clause 131, The method of clause 180, wherein a level of anti-SARS-CoV-2 1gG
antibodies of at least about 4160 AU/mL (about 590 BAU/mul) when used as a cut-off or threshold
correspond to about a 0.95 probability of obtaining a plaque reduction neutralization assay D30 at
1:250 dilution.

Clause 182, The method of clause 180, wherein the anti-SARS-CoV-2 neutralizing

anttbody is an anti-SARS-CoV-2 Ig( antibody that is an anti-nucleocapsid (N} antibody, an anti-

spike aniibody, or any combination thereof.
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Clause 183, The method of any of clauses 153-182, wherein the method comprises
obtaining the at least one biological sample from the subject at a critical time of from about
fourteen {14) days to about thirty-five (35) davs after onset of symptoms of SARS-CoV-2,

Clause 184, The method of clause 183, wherein the method further comprises
determining that the subject: {1} more likely than not will develop or experience at least one of a
cytokine storm, acute respiratory distress syndrome (ARDS), or a combination of a cytokine
storm and ARDS i anti-SARS-CoV-2 IgM antthody, anti-SARS-CoV-2 Ig( antibody, or anti-
SARS-CoV-2 Ighf antibody and anti-SARS-CoV-2 IpG antibody are not detected in the
binlogical sample within the critical time; or (it} more likely than not will not develop or
experience at least one of a cytokine storm, ARDS, or a combination of a cytokine storm and
ARDS if anti-SARS-CoV-2 IgM antibody, anti-SARS-CoV-2 1gG antibody, or anti-SARS-CoV-
2 IgM antibody and anti-SARS-CoV-2 oG antibody are not detected in the biological sample
within the critical time.

Clause 185, The method of any of clauses 153-184, wherein the subject: (1) ts naive
and was not previously vaceinated against SARS-CoV-Z; (2) 1s naive and was previously
vaceinated against SARS-CoV-2; (3} 1s currently infected with SARS-CoV-2 and was not
previously vaccinated against SARS-CoV-2; {4) 15 currently infected with SARS-CoV-2 and was
previousty vaccinated against SARS-CoV-2; {5} was previously infected with SARS-CoV-2,
recovered, and was vot previously vaccinated against SARS-CoV-2; or (6) was previously
mfected with SARS-CoV-2, recovered

and then was vaccinated against SARS-CoV-2.

>

Clause 186, The method of clause 185, wherein the method 1s performed to: {a)
determine whether the subject can be admimstered a current vaccmne for SARS-CoV-2; or (b)
monitor the subject following the current vaccine or previous vaccination, based on detecting the
presence of at least one type of anti-SARS-CoV-2 antibody 1n the sample.

Clause 187, The method of clause 186, performed regardless of variation o timing

and/or severity of prior infection with SARS-CoV-2.

Clause 183, The method of any of clause 186 or 187, wherein the method comprises

determining that the current vaccing for SARS-CoV-2:

{3} can be administered to the subject when no anti-SARS-CoV-2 antibodies, no anti-

SARS-CoV-2 Ig( neutralizing antibodies, or an amount of anti-SARS-CoV-2 IgG antibody or
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anti-SARS-CoV-2 I neutralizing antibody that is insufficient to impart immunity, are detected

in the biological sample; and/or

(b} should not be administered to the subject if an amount of anti-SARS-CoV-2 antibody
of anti-SARS-CoV-2 1eG neutralizing antibody that is sufficient to impart immunity is detected

in the biological sample.

Clause 189, The method of clause 188, wherein the amount of anti-SARS-CoV-2
antibody or anti-SARS-CoV-2 1g(G neutralizing antibody sufficient to impart immunity is from at
least about 100 BAU/mL to about 490 BAU/mL,; at least about 110 BAU/mL to about 4950
BAU/mL; at least about 200 BAU/mL to about 490 BAU/mL; at least from about 300 BAU mL
to about 490 BAU/mL,; at least about 400 BAU mL to about 490 BAU/mL; at least about 100
BAU/mL; at least about 110 BAU/mL; at least about 120 BAU/mL; at least about 130 BAU/mL;
at least about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL; at least
about 170 BAU/mL; at least about 180 BAU/mL; at least about 190 BAU/mL; at least about 200
BAU/mL; at least about 210 BAU/mL; at least about 220 BAU/mL; at least about 230 BAU/mL;
at least about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/mL; at least
about 270 BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL; at least about 300
BAU/mL; at least about 300 BAU/mL; at least about 310 BAU/mL; at least about 320 BAU/mL;
at least about 330 BAU/mL; at least about 340 BAU/mL; at least about 350 BAU/mL; at least
about 360 BAU/mL; at least about 370 BAU/mL.; at least about 380 BAU/mL; at least about 390
BAU/mL; at least about 400 BAU/mL; at least about 400 BAU/mL,; at least about 410 BAU/mL;
at least about 420 BAU/mL.; at least about 430 BAU/mL; at least about 440 BAU/mlL.; at least
about 450 BAU/mL.; at least about 460 BAU/mL; at least about 470 BAU/mL.; at least about 480
BA/mL; or at least about 490 BAU/mL.

Clause 190, The method of clause 188, wherein the amount of anti-SARS-CoV-2
anttbody or anti-SARS-CoV-2 IgG neutralizing antibody sufficient to impart tnumuntty 1s: {(a)
from at least about 550 BAU/mL to about 650 BAU/mL; (b) at least about S50 BAU/mL; (¢} at
least about 560 BAU/mL; (d) at least about 570 BAU/mL; (¢} at least about 580 BAU/mL; (f) at
ieast about 590 BAU/mL; {g) at least about 600 BAU/mL; (h) at least about 610 BAU/mL; (1) at
ieast about 620 BAU/mL; (§) at least about 630 BAU/mL; (k) at least about 639 BAU/mL; (1} at
feast about 640 BAU/mL; or (m} at least about 650 BAU/mL.
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Clause 191, The method of clause 186, wherein the method comprises obtaining the
biological sample within a time frame after the subject has received either the current vaceine or
previous vaccination for SARS-CoV-2 of at least one day, at least 2 days, at least 3 days, at least
4 davs, at least 5 days, at least 6 days, at least 7 days, at least 8 days, at least 9 days, at least 10
davs, at feast 11 days, at least 12 days, at least 13 days, at least 14 days, at least 15 days, at least
16 days, at least 17 days, at least 18 days, at least 19 days, at least 20 days, at least 21 days, at
least 22 days, at least 23 days, at least 24 days, at least 25 days, at least 26 days, at least 27 days,
at least 28 days, at least 29 days, at least 30 days, at least 31 days, at least 32 days, at least 33
days, at least 34 days, at least 35 days, at least 36 days, at least 37 days, at least 38 days, at least
39 days, at least 40 days, at least 41 days, at least 42 days, at least 43 days, at least 44 days, at
least 45 days, at least 46 days, at least 47 days, at least 48 days, at least 49 days, or at least 50

days.

Clause 192 The method of clause 186, wherein the biclogical sample is obtamed
within about 7 to about 21 days after the subject has received either the current vaccine or

previous vaccination.

Clause 193, The method of clause 191 or clause 192, wherein the method comprises

determining that at least one further vaccine for SARS-CoV-2:

{(a) can be adnmuinistered to the subject after the current vaceine if no anti-SARS-CoV-2
anttbodies, no anti-SARS-CoV-2 IgG neutralizing antibodies, and/or an amount of anti-SARS-
CoV-2 IgG antibody or anti-SARS-CoV-2 Ig(G veutralizing antibody that 1s msufficient to uimpart

mmunity, is detected in the biological sample obtained from the subject; or

{b) should not be administered to the subject after the current vaccine if an amount of
anti-SARS-CoV-2 antibody or anti-SARS-CoV -2 Io(3 neutralizing antibody that 15 sufficient to

mpart rnmunity 15 detected in the bioclogical sample obtained from the subject.

Clause 194, The method of clause 193, wherein the amount of anti-SARS-CoV-2
antibody or anti-SARS-CoV-2 Ig(G vewralizing antibody sufficient to uimpart immunity 1s from at
least about 100 BAU/m to about 490 BAU/mL,; at least about 110 BAU/mL to about 490
BAU/mL; at teast about 200 BAU/mL to about 490 BAU/mul.; at least from about 300 BAU sl
to about 490 BAU/mL,; at least about 400 BAU mL to about 490 BAU/mL; at least about 100

BAU/mL; at least about 110 BAU/mL,; at least about 120 BAU/mL; at least about 130 BAU/mL;
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at least about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL; at least
about 170 BAL/mL; at least about 180 BAU/mL; at least about 190 BAU/mL; at least about 200
BAU/mL; at least about 210 BAU/mL,; at least about 220 BAU/mL; at least about 230 BAU/mL;
at least about 240 BAU/mL; at least about 250 BAU/mL,; at least about 260 BAU/mL; at least
about 270 BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL; at least about 300
BAU/mL; at least about 300 BAU/mL; at least about 310 BAU/mL,; at least about 320 BAU/mL;
at feast about 330 BAU/mL; at least about 340 BAU/mL,; at least about 350 BAU/mL; at least
about 360 BAU/mL; at least about 370 BAU/mL; at least about 380 BAU/mL; at least about 350
BAU/mL; at least about 400 BAU/mL; at least about 400 BAU/mL; at least about 410 BAU/mL;
at least about 420 BAU/mL; at least about 430 BAU/mL; at least about 440 BAU/mL; at least
about 450 BAU/mL; at least about 460 BAU/mL; at least about 470 BAU/mL; at least about 480
BAU/mL; or at least about 4950 BAU/mL.

Clause 195, The method of clause 193, wherein the amount of anti-SARS-CoV-2
antthody or anti-SARS-CoV-2 1gG neutralizing antibody sufficient to umpart immunity is from at
least about SO0 BAU/mL to about 650 BAU/mL,; at least about 5350 BAU/mL to about 650
BAU/mL; at least about 500 BAU/mL; from at least about 510 BAU/mL; at least about 520
BAU/mL; at least about 530 BAU/mL; at least about 540 BAU/mL; at least about 550 BAU/ml
to about 650 BAU/mL.; at least about 5S0 BAU/m.; at least about 560 BAU/ml.; at least about
570 BAU/mL; at least about 380 BAU/mL.; at least about 590 BAU/md.; at least about 600
BAU/mL; at least about 610 BAU/mL; at least about 620 BAU/mL; at least about 630 BAU/mL;
at least about 639 BAU/ml; at least about 640 BAU/mL; or at teast about 650 BAU/mL.

Clause 196, The method of any of clauses 180, 182, 188, 189, 190, 193, 194, or 195,
wherein the anti-SARS-CoV-2 neutralizing antibody 1s an anti-SARS-CoV-2 Igl antibody that

is an anti-nucleocapsid (N} antibody, an anti-spike antibody, or any combination thereof

Clause 197, The method of any of clauses 153-196, wherein the method further
comprises {a) monitoring the subject for at least one type of anti- SARS-CoV-2 antibody,
optionally, IgG and/or IgM antibodies; {b) treating the subject for SARS-CoV-2; {¢} monitoring
the subject for at least one type of anti- SARS-CoV-2, optionally, IgG and/or IgM antibodies
and treating the subject for SARS-CoV-2; or {d} treating the subject for a SARS-CoV-2 and
monitoring the subject for at least one type of anti- SARS-CoV-2 antibedy, optionally, IgG

and/or IgM anttbodies,
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Clause 198, The method of any of clauses 153-197, wherein the volume of the
biological sample used in the method is from about 0.30 uL to about 0.40 pL.

Clause 199, The method of any of clauses 153-198, wherein the method comprises {(a)
diluting the biological sample prior to or during the method and further wherein the diluting
comprises mixing about 10 L of the biological sample with about 290 pb of at least one buffer
to form a biological sampling mixture; and (b} removing about 10 gL from the biological
sampling mixture for use in the method.

Clause 200, The method of any of clauses 153-160, or 162-197, wherein the method
guantifies about 99% of anti-SARS-CoV-2 IpG antibodies within an extended measuring interval
{EMT) with automated dilution and about 91% of anti-SARS-CoV-2 IgG antibodies within an

upper hmit measuring interval (ULMI} with no dilution.

Clause 201, The method of clause 200, wherein the method can be performed without
dilution and the ULMI is from about 15,500 to about 40,000 and/or the EMI is from about
40,000 to about 80,000,

Clause 202, The method of clause 200, wherein the method can be performed without
dilution and the ULMI is from about 15,500 to about 25,000 AU/mL and/or the EMI is from
about 25,000 to about 50,000 AU/mL.

Clause 203, The method of any of clauses 153-202, wherein the method is (3} semi-

quantitative; (b} quantitative; or {¢) qualitative.

Clause 204, The method of the above clause 203, wherein when the method is {(a)
semi-quantitative, it 18 not standardized against an internally recognized standard; (b}
quantitative, it 15 standardized against an internationally recogmzed standard; or {¢) qualitative, a

single-to-calibrator (S/CG) s obtained.
Clause 205, The method of any of clauses 1533-204, wherein the method is adapted for
use i an autormated svstem or g semi-automated system,
Clause 206, A kit for performing the method of clause 153, wherein the lat comprises:
a. at least one type of specific binding partner comprising at least one f-coronavirus

isolated polypeptide or variant thereof selected from a C-termunal domain nucleocapsid protein, a
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receptor binding domain (RBD) of a spike protein, or a C-terminal domain nucleocapsid protein

and a receptor binding domain (RBD} of a spike protein from a f-coronaviras; and

b. at least one tvpe of second specific binding partner comprising at least one detectable
iabel.

Clause 207, The kit of clause 206, wherein the at least one type of anti-SARS-CoV-2
antibody detected or determined specifically binds to a varant:

a) of the nucleocapsid protein having one or more substitutions, deletions ora
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1} replacing serine
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3) replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at ammno acid position 377 (D377Y); (5)
replacing alanine with threomine at amino acid position 376 (A3767T); or (6) any combinations of
{1)-(8), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ I} NO:2 other than those recited in (1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threomine at
amino acid position 417 (K4177}; (3) replacing leucine with argimine at amuino acid posttion 452
{1.452R); (4) replacing serine with asparagine at amino acid position 477 {8477N}); (5} replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6} replacing asparagine with
tyrosine at amino acid position 501 {(NSOLY); or {7} any combinations of {13-(6}, either alone or
combined with any other substitutions and/or deletions in anino acids 319-5342 of SEQ 1D
NG:15 other than those recited in (13-(6); or

¢} froma SARS-CoV-2 virus comprising any combination of a} and b},

Clause 208, The kit of clause 206 or clause 207, wherein the kit further comprises, or
15 configured to be used with, at least one calibrator reagent, at least one control reagent, or at
least one calibrator reagent and at feast one control reagent.

Clause 209, The kit of any of clanses 206-208, wherein the kit further comprises at
least one solid support.

Clause 210, The kit of any of clauses 206-209, wherein the kit further comprises, or i3
configured to be used with, at least one pretreatment reagent.
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Clause 211, The kit of any of clauses 206-210, wherein the isolated polypeptide is a
fusion polypeptide.

Clause 212, The kit of any of clauses 206-211, wherein the at least one type of second
specific binding partner is an anti-species [2G (e g., anti-human-IgG {gG) antibody, an anti-
species 1gM (e.g., anti-human-1gM 1gG) antibody, or an anti-species IgG (e.g., anti-human-IgG
1g(3y antibody and an anti-species 1gM {(e.g., anti-human-IgM 1eG) antibody.

Clause 213, The kat of any of clauses 206-212, wherein the kit further comprises at
least one calibrator reagent or control reagent comprising a sequence of monoclonal antibody
CR3018 or CR3022.

Clause 214, The kit of any of clauses 206-213, wherein the at least one type of first
specific binding partner is a C-terminal domain nucleocapsid protein or variant thereof that
{1) has an amno acid sequence of SEQ 1D NO:1; (2) 1s a fusion protein comprising an initiator
amino acid methionine and the sequences GPQNQ (SEQ 1D NG:21), RSAPRITFG (SEQ ID
NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 to 419 of SEQ 1D NG:Z; (3) is a fusion
protein comprising an initiator aming acid methionine and the sequences GPQSNQ (SEQ ID
NQ:22), RSAPRITFG (SEQ 1D NO'7), GPTDST (SEQ 1D NO:23), and amino acids 211 to 419
of SEQ 1D NO:2; or {4} has an amino acid sequence of amino acids 210 t0 419 of SEQ ID NO:2.

Clause 215, The kit of any of clauses 206-214, wherein the at least one type of first
specific binding partner 1s a receptor binding domain (RBD) of a spike protein that has an amino
acid sequence of amino acids 319 1o 542 of SEQ 1D NO: 1S or SEQ D NO17.

Clause 216, The kit of any of clauses 206-215, wherein the at least one type of first
specific binding partner binds to (a) an anti-SARS-CoV-2 IgG antibody, (b} an anti-SARS-CoV-
2 1gM antibody, or (¢} combinations of {a) and {b).

Clause 217, The kit of any of clauses 206-216, wherein the kit is adapted for use with
an automated or semi-automated system.

Clause 218 A gystem for detecting a presence or determuning an amount of anti-
SARS-CoV-2 antibody 1n a biological sample obtained from a subject comprising:

at least one type of first specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-terminal domain nucleocapsid protein, a
receptor binding domain (RBD) of a spike protein, or a C-terminal domain nucleocapsid protein

and a receptor binding domain (RBD) of a spike protein from a -coronavirus that specifically
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binds to at least one type of anti-SARS-CoV-2 anitbody and at least one type of second specific
binding partner comprising at least one detectable label; and

at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti- SARS-CoV-Zantibody
in the sample.

Clause 219, The system of clause 218, wherein the at least one type of antt-SARS-
CoV-2 antibody detected specifically binds to a vanant:

a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NG:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 (8235F); {2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino actd position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (S)

37
/

replacing alanine with threonine at amino acid position 376 (A3767T); or {6} any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited 10 (1)-(3);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NG 15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N): (2) replacing lysine with threonine at
amino acid position 417 (K417T); (3) replacing leucine with arginine at aroino acid position 452
{L452R); (4) replacing serine with asparagine at amine acid position 477 (8477N); (5) replacing
glutamic acid with lysine at ammno acid position 484 (E484K); (6) replacing asparagine with
tyrosine at amino acid position 501 (N301Y), or (7) any combinations of {1)-(6), either alone or
combined with any other substitutions and/or deletions in amino acids 319-542 of SEQ ID
N:15 other than those recited in (1)-(6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

Clause 220, The system of clause 218 or clause 219, wherein the devige for detecting
the label from the complex 15 automated or semi-automated.

Clause 221, The system of any of clauses 218-220, wherein the at least one type of
anti-SARS-CoV-2 antibody 1s an 1g( antibody, an IgM antibody, or any combination thereof.

Clause 222, The system of any of clauses 218-221, wherein the at least one type of

second specific binding partner is an anti-species 1gG (e.g., anti-human-1gG 1gG) antibody, an
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anti-species {gM (e g, anti-human-fgM 1gG} antibody, or an anti-species 1gG (e g, anti-human-
16 1eG) antibody, and anti-species IgM {(e.g., anti-human-IgM IgG} antibody.

Clause 223, The system of clauses 218-222, wherein the at least one type of first
specific binding partner is a C-terminal domain nucleocapsid protein or variant thereof that
{1} has an amino acid sequence of SEQ 1D NC:1; (2) 1s 2 fusion protein comprising an initiator
amino acid methionine and the sequences GPONQ (SEQ ID NG:21), REAPRITHFG (SEQ ID
NG:7), GPTDST (SEQ 1D NG:23), and amino acids 211 t0 419 of SEQ 1D NO:2; (3) 15 a fusion
protein comprising an mitiator amino acid methionine and the sequences GPQSNQ (SEQ ID
NG:22), RSAPRITFG (SEQ [ NG7), GPTDST (SEQ 1D NG:23), and amino acids 211 t0 419
of SEQ 1D NO:2; or (4) has an amino acid sequence of aminc acids 210 10 419 of SEQ ID NG:2.

Clause 224, The system of any of clauses 218-223, wherein the at least one type of
first specitic binding partner 1s a receptor binding domain (RBD) of a spike protein or variant
thereof that has an amino acid sequence of amino acids 319 to 542 of SEQ D NO:15 or SEQ ID
NO:17.

Clause 225, The system of any of clauses 218-224, wherein the at least one type of
first specitic binding partner binds to {a) an anti-SARS-CoV-2 IgG antibody, (b) an anti-SARS-
CoV-2 IgM antibody, or {¢) combinations of {a} and (b).

Clause 226, Inan improvement of a method of detecting at least one type of anti-
SARS-CoV-2 antibody in a biological sample, wherein the method comprises detecting a
complex comprising a f{irst type of specific binding partner, said sample anti-SARS-CoV-2
anttbody, and a second type of specific binding pariner comprising at least one detectable label,
wherein the improvement comprises using at least one type of first specific binding partner
comprising at least one isolated polypeptide from a C-termmal domam of a B-coronavirus
nucleocapsid proten or a varaut thereof.

Clause 227 In the improvement of clause 226, wherein the at least one type of first
specific binding partner 18 3 C-termumal domain nucleccapsid protein or variant thergof that (1)
has an amino acid sequence of SEQ ID NG:1; (2) is 2 fusion protein comprising an initiator
amino acid methionine and the sequences GPQNQ (SEQ 1D NG:21), RSAPRITFG (SEQ ID
NG:7y, GPTDST (SEQ D NO:23}, and amino acids 211 t0 419 of SEQ D NG:2; (3) 15 a fusion

protein comprising an initiator amino acid methionine and the sequences GPQSNQ (SEQ ID
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NG22), RSAPRITFG (SEQ D NG:7), GPTDST (S8EQ ID NG:23), and amino acids 211 to 419
of SEQ 1D NG:2; or (4) has an amino acid sequence of amino acids 210 t0 419 of SEGQ D NG:2Z.

Clause 228.  In an improvement of a method of detecting at least one type of anti-
SARS-CoV-2 antibody in a biclogical sample, wherein the method comprises detecting a
complex comprising a first type of specific binding pariner, said sample anti- SARS-CoV-2
anttbody, and a second type of specific binding pariner comprising at least one detectable label,
wherein the improvement comprises using a first specific binding pariner compnising at least one
isolated polypeptide from a receptor binding domain (RBD) of a $-coronavirus spike proteinor a
variant thereof.

Clause 229.  In the improvement of clause 228, wherein the at least one type of first
specific binding partner is a receptor binding domain (RBD) of a spike protein or variant thereof
that has an amino acid sequence of aming acids 319 to 542 of SEQ 1D NO:15 or SEQ ID NG:17.

Clause 230, In the improvement of clause 228 or clause 229, wherein the at least one
first type of specific binding partner binds to (8} an anti-SARS-CoV-2 [g(G antibody, (b} an anti-
SARS-CoV-2 TgM antibody, or {¢) combinations of {a} and (b).

Clause 231, The improvement of any of clauses 226-230, wherern the at least one type
of anti-SARS-CoV-2 antibody detected specifically binds to a varant:

a) of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing senine
with phenylalanine at amino acid position 235 (8235F); (2} replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (B377Y), (5)
replacing alanine with threonine at amino acid position 376 {A376T); or {6} any combinations of
{13-(5}, either alone or combimed with any other substitutions and/or deletions in amino acids
210-419 of SEQ ID NO:2 other than those recited 1n (1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO: 1S comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at
amino acid position 417 (K4177T); (3) replacing leucine with arginine at anmino acid position 452
{(L452R); (4) replacing serine with asparagine at amine acid position 477 {8477N); (5) replacing

elutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
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tyrosine at amino acid position 501 (N301Y}; or (7} any combinations of {1)-{6), either alone or
combined with any other substitutions and/or deletions in aming acids 319-542 of SEQ 1D
N(:15 other than those recited in (1)-(6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

Clause 232, In an improvement of a method or system for determining an amount of an
anti-SARS-CoV-2 IgG antibody in a subject based on the amount of detectable signal assessed,
wherein the improvement comprises: {a) a linear assay range of up to 50,000 AU/mL; (b}
determining an amount i arbitrary units rather than an index; and/or (¢} tmproved detection of
positive samples as compared to other assays.

Clause 233, A method of predicting outcome in a subject that is or was infected with

SARS-CoV-Z, the method comprising the steps of:

a) detecting an anti-SARS-CoV-2 Ig(G antibody 1n at least one biological sample obtained

from the subject within a first ten days after onset of symptoms of SARS-CoV-2 infection;

b} detecting an anti-SARS-CoV-2 IgM antibody in the at least one biological sample
obtained from the subject within the first ten days after onset of symptoms of SARS-CoV-2
mfection;

¢} determining which of the anti-SARS-CoV-2 1gG or anti-SARS-CoV-2 IgM antibody
detected i a} and b) first appears in the subject;

d} predicting that the subject 1s more hikely to have an unfavorable outcome if anii-
SARS-CoV-2 g antibody first appears in the subject prior to the appearance of anti-SARS-
CoV-2 1gM antibody; and

e) predicting that the subject is more likely to have a favorable outcome if ant-SARS-
CoV-2 1gG antibody first appears in the subject at the same time or after the appearance of anti-

SARS-CoV-2 IgM antibody.

Clause 234, The method of clause 233, wherein the subject is hospitalized for

symptoms of SARS-CoV-2.

Clause 235, The method of clause 233 or clause 234, wherein (i) the anti-SARS-CoV-2

IgG antibody and the one anti-SARS-CoV-2 1gM antibody are detected 1n the same biclogical
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sample; or (i1} the anti-SARS-CoV-2 Ig( antibedy and the anti-SARS-CoV-2 fgM antibody are

detected in different biological samples.

Clause 236, The method of any of clauses 233-235, wherein the anti-SARS-2 IgG
anttbody and the anti-SARS-CoV-2 1gM antibody are (i} detected on the same day within the
first ten days after onset of sympioms; (it} detected on different days within the first ten days

after the onset of symptoms.

Clause 237, The method any of clauses 233-236, wherein the anti-SARS-CoV-2 1gG
antibody is detected in at least one biclogical sample obtained from the subject within the first
day after the onset of symptoms, within the second day after the onset of symptoms, within the
third day after the onset of symptoms, within the fourth day after the onset of symptoms, within
the fifth day after the onset of symptoms, within the sixth day after the onset of symptoms,
within the seventh date after the onset of symptoms, within the eighth day after the onset of

symptoms or within the ninth day after the onset of symptoms.

Clause 238, The method of any of clauses 233-237, wherein the anii-SARS-CoV-2
IgM aniibody is detected in at least one biological sample obtained from the subject within the
first day after the onset of symptoms, within the second day after the onset of symptoms, within
the third day after the onset of symptoms, within the fourth day of infection, within the fitth day
after the onset of symptoms, within the sixth day after the onset of symptoms, within the seventh
date after the onset of symptoms, within the eighth day after the onset of symptoms or within the

minth day after the onset of symptoms.

Clause 239, The method of any of clauses 233-238, wherein the unfavorable cutcome
is death.

Clause 240. A method of predicting outcome 1n a subject that is or was infected with
SARS-CoV-2, the method comprising the steps of:

a} obtaining a signal-to-calibrator ratio (S/CQO) from an assay of at least one anti-SARS-
CoV-2 IgM antibody in at least one biological sample obtained from the subject at least ten days

after onset of symptoms of SARS-CoV-2; and
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b} predicting that the subject is more likely than not to have an unfavorable outcome if
the S/CO ratio of anti-SARS-CoV-2 [gM antibody determined in the biological sample is equal

to or greater than about 10 8/CO.

Clause 241, The method of clause 240, wherein the subject is hospitalized for

symptoms of SARS-CoV-2.

Clause 242, The method of clause 240 or clause 241, further comprising that the
subject 15 more likely than not to have an unfavorable outcome if the level of anti-SARS-CoV-2

IgM antibody determined in the biological sample is between about 10 S/CO to about 15 S/CO.

Clause 243, The method of any of clauses 240-242, wherein the method is selected

from the group consisting of an immunocassay, or a chinical chemistry assay.

Clause 244, The method of any of clauses 240-243, wherein the method is performed

using single molecule detection, lateral flow assay or a point-of-care assay.

Clause 245, A method of determining SARS-CoV-2 immune status of a subject, the
method comprising the steps of:

a} determining an amount of at least one anti-8ARS-CoV-2 1gG antibody and/or anti-
SARS-CoV-2 1g( neutralizing antibody in at least one biological sample obtained from a
subject; and

b} determining the subject’s SARS-CoV-2 immune status, wherein the subject 1s determined
to have immunity to SARS-CoV-2 when the amount of anti-SARS-CoV-2 1gG antibody
and/or anti-SARS-CoV-2 1gG neutralizing antibody is {a} from at least about 550
BAU/mL to about 650 BAU/mL; and/or {b} from at least about 100 BAU/mL to about
490 BAU/mL,
wherein the method 1s performed wrrespective of {1} the subject’s prior infection and/or

vaceination history with SARS-CoV-2, and/or (11) whether there s any knowledge of the

subject’s prior infection and/or vaccination history with SARS-CoV-2.

Clause 246, A method of determining SARS-CoV-2 immune status of a subject, the

method comprising the steps of!
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a} determining an amount of at least one anti-SARS-CoV-2 IgG antibody and/or anti-
SARS-CoV-2 1gG neutralizing antibody in at least one biological sample obtained from a
subject; and

b} determining the subject’s SARS-CoV-2 immune status, wherein the subject is determined
o have immunity o SARS-CoV-2 when the amount of anti-SARS-CoV-2 g0 antibody
and/or anti-SARS-CoV-2 1gG neutralizing antibody s from at least about 350 BAU/mb
to about 650 BAU/mL,
wherein the method is performed irrespective of (1) the subject’s prior mfection and/or

vaccination history with SARS-CoV-2, and/or {11) whether there is any knowledge of the

subject’s prior infection and/or vaccination history with SARS-CoV-2.

Clause 247 A method of determining SARS-CoV-2 immune status of a subject, the
method comprising the steps of:

a} determining an amount of at least one anti-SARS-CoV-2 IgG antibody and/or anti-
SARS-CoV-2 1gG neutralizing antibody in at least one biological sample obtained from a
subject; and

by determining the subject’s SARS-CoV-2 immmune status, wherein the subject is determined
to have mmmunity to SARS-CoV-2 when the amount of anti-SARS-CoV-2 1gG antibody
and/or anti-SARS-CoV-2 IgG neutralizing antibody is from at least about 100 BAU/mL
to about 490 BAU/mwL,
wherein the method s performed irrespective of (1) the subject’s prior infection and/or

vaccination history with SARS-CoV-2, and/or (u) whether there 1s any knowledge of the

subject’s prior infection and/or vaccination history with SARS-CoV-2.

Clause 248, The method of any of clauses 245-247, wherein the subject has not
previously been infected with SARS-CoV-2.
Clause 249, The method of an of clauses 245-247, wherem the subject has previously
been mfected with SARS-CoV-2.
Clause 250, The method of any of clauses 245-249, wherein the subject has not
previously been vaccinated for SARS-CoV-2.
Clause 251, The method of any of clavses 245-249, wherein the subject has previously

been vaccinated for SARS-CoV-2.
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Clause 252, The method of any of clauses 245-251, wherein the immune status of the
subject is that the subject has immunity to SARS-CoV-2.

Clause 253, The method of any of clauses 245-252, wherein the immune status of the
subject is that the subject does not have immunity to SARS-CoV-2.

Clause 254,  The method of any of clauses 245-253, wherein the method is selected

from the group consisting of an immuncassay, or a clinical chemistry assay.

Clause 255.  The method of any of clauses 245-254, wherein the method is performed

using single molecule detection, lateral fiow assay or a point-of-care assay.

Clause 256, A system for assessing whether a subject 1s hkely to have immunity from
mfection from SARS-CoV-2 in a biological sample obtained from a subject, the system
COMmprising;

at least one type of first specific binding partner comprising at least one type of -
coronavirus isolated polypeptide or variant thereof selected from a C-terminal domain
nucleccapsid protein, a receptor binding domain (RBD} of a spike protein, or a C-terminal
domain nucleocapsid protein and a receptor binding domain (RBD) of a spike protein from at
least one type B-coronavirus that specifically binds to at least one type of anti-SARS-CoV-2
antibody and at least one type of second specific binding partner comprising at least one
detectable label;

at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti-SARS-CoV-2 antibody
in the sample; and

a means for assigning a differentiative rating mdicating whether the subject 1s bikely to
have omunity from infection from SARS-CoV-2 based on the presence or amount of at least
one type of anti-SARS-CoV-2 antibody detected in the sample.

Clause 257, The system of clause 256, wherein the differentiative rating 1s a color and/or
number rating,

Clause 258, The system of clause 257, wherein the color and/or number rating 1s
displaved on a mobile device through a mobile apphication.

Clause 259, The system of any of clauses 256-258, wherein the variant;

a} 18 of the C-terminal domain of a nucleocapsid protein having one or more

substitutions, deletions or a substitution and deletion at positions 210-419 of SEQ ID NO:2
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comprising: {1) replacing serine with phenylalanine at amino acid posttion 235 (8235F}; (2)
replacing methionine with isoleucine at amino acid position 234 (M2341); (3) replacing lysine
with asparagine at amino acid position 373 (K373N); (4) replacing aspartic acid with tyrosine at
amino acid position 377 (D377Y); (5) replacing alanine with threonime at amino acid position
376 {A3T76TY), or (6) any combinations of (1}-(5), either alone or combined with any other
substitutions and/or deletions in amino acids 210-419 of SEQ 1D NO:2 other than those recited
in (1)-(5);

by is the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NG: 15 comprising (1} replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threonine at
amino acid position 417 (K417T); (3) replacing leucine with arginine at amino acid position 452
{L452R); (4) replacing serine with asparagine at amine acid position 477 (S477N); (5) replacing
glutamic acid with lysine at amino acid position 484 {(E484K); (6} replacing asparagine with
tyrosine at amino acid position 501 (N301Y); or (7) any combinations of {1}-(6), etther alone or
combined with any other substitutions and/or deletions inamino acids 319-542 of SEQ ID
NO:135 other than those recited in (1)}-(6); or

¢} comprises any cornbination of a) and b},

Clause 260. The system of any of clauses 256-259, wherein the device for detecting the
iabel from the complex is automated or semi-automated.

Clause 261, The systern of clause 260, wherein the device for detecting the label from
the complex 1s semi-automated and comprises uploading the differentiative rating using a bar
code.

Clause 262, The system of any of clanses 256-261, wherein the at least one type of anti-
SARS-CoV-2 antibody is an anti-SARS-CoV-2 g antibody, an anti-SARS-CoV-2 [gM
antibody, or any combination thereof.

Clause 263. The system of any of clauses 256-262, wherein the at least one type of
second specific binding partngr is an anti-species IgG (e g, anti-human-ig(5 Ig(3) antibody, an
anti-species {gM (e g, anti-human-fgM 1gG} antibody, or an anti-species 1gG (e g, anti-human-

16 1eG) antibody, and anti-species IgM {(e.g., anti-human-IgM IgG} antibody.
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Clause 264. The system of any of clauses 256-263, wherein the at least one type of first
specific binding partner 1s a receptor binding domain (RBD)} of a spike protein or varant thereof
that has an amino acid sequence of amino acids 319 to 542 of SEQ 1D NG:15 or SEQ ID NO:17.

Clause 265, The system of any of clauses 256-264, wherein the at least one type of first
specific binding partner binds to (a) an anti-SARS-CoV-2 1gG antibody, (b} an anti-SARS-CoV-

2 1gM antibody, or {c} combinations of (&) and ().
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What is claimed is

I. A method for detecting a presence or determining an amount of at least one type
of anti-SARS-CoV-2 antibody in a subject, the method comprising the steps of:

a) contacting at least one biological sample from the subject, either
simultanesusly or sequentially, i any order, with

at least one type of first specific binding partner comprising at least one
type of B-coronavirus isolated polypeptide or variant thereof, selected from a C-
terminal domain of a nucleccapsid protein, a receptor binding domain (RBD) of a
spike protein, or a C-terminal domain of a nucleocapsid protein and a receptor
binding domain (RBI) of a spike protein, wherein the polypeptide specifically
binds to at least one type of anti-SARS-CoV-Z antibody in the sample, and

at least one type of second specific binding partner comprising a
detectable label,

thereby producing one or more types of first complexes comprising the
first specific binding pariner-anti-SARS-CoV-2 antibody-~second specific bindimg
partner; and

b} assessing a signal from the one or more types of first complexes, wherein the amount
of detectable signal from the detectable label indicates the presence or amount of at least one
type of anti-B-coronavirus antibody in the sample.

2. The method of claim 1, wherein the at least one type of anti-SARS-CoV-2
anttbody specifically binds to a variant:

a} of the nucleocapsid protein having one or more substitutions, deletions or g
substitution and deletion at positions 210-419 of SEQ 1D NO:2Z comprising: (1) replacing senne
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with isoleacine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at aruno acid posttion 377 (B377Y); (53
replacing alanine with threonine at amino acid position 376 (A3767T); or {6) any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ I} NO:2 cther than those recited in (1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a

substitution and deletion at positions 319-542 of SEQ 1D NO: 1S comprising {1) replacing lysine
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with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at
amino acid position 417 (K4177T}; (3) replacing leucine with arginine at anmino acid position 452
(L452R); (4) replacing serine with asparagine at amine acid position 477 {8477N); (5) replacing
elutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
tyrosine at amino acid position 501 (N301Y); or (7} any combinations of {1)-{6), either alone or
combined with any other substitutions and/or deletions in aming acids 319-542 of SEQ D
N(:15 other than those recited in (1)-{6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b},

3 The method of claims 1 or 2, wherein the biological sample 1s whole blood,
serum, plasma, saliva, a nasal mucus specimen, an anal swab specimen, an oropharyngeal
specimen, of a nasopharvngeal specimen.

4, The method of any of claims 1-3, wherein the at least one type of anti-SARS-
CoV-2 antibody is an g antibody, an IgM antibody, or 1gG antibody and an IgM antibody.

5. The method of any of claims 1-4, wherein the at least one type of first specific
binding partner comprises at least one 1solated polypeptide from a C-terminal domain of 3
nucleocapsid protewn from a B-coronavitus, wherein the method is carried out so that said
specific binding partner specifically binds to {a) an anti-B-corovavirus IgG antibody; (b) an anti-
P-coronavirus fgM antthody; or (b} both an anti-B-coronavirus 1gG and an anti-B-coronavirus
IgM antibody.

6. The method of any of claims 1-4, wherein the at least one type of first specific
binding partner comprises at least one 1solated polypeptide from a receptor binding domaim
{(RBD) of a spike protemn from a B-coronavirus, wherein the method is carried out so that said
spectfic binding partner specifically binds to (a) an anti-B-corovavirus IgG antibody; (b} an anti-
p-coronavires IgM antibody; or {b) both an anti-B-coronavirus IgG antibody and anti-B-
coronavirus Igh antibody.

7. The method of any of clauns 1-6, wherein the at least one type of second specific
binding partner is an anti-species [g(s (e.g., anti-human-gG IgG) antibody, an anti-species IgM
{e.g., anti-human-{gM 1e(} antibody, or an anti-species IgG (e g, anti-human-IgG I2(G) and an
anti-species 1gM {e.g., anti-human-IgM 1gG) antibody.

8 The method of any of claims 1-7, wherein the at least one type of first specific

binding partner is a C-terminal domain nuclescapsid protein or variant thereof that
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{1} has an amino acid sequence of SEQ 1D N1, (2) 15 a fusion protein comprising an initiator
amino acid methionine and the sequences GPONQ (SEQ 1D NG:21), REAPRITFG (SEQ ID
NG:7), GPTDST (SEQ ID NO:23), and amino acids 211 to 419 of SEQ 1D NO:2; (3) 1s a fusion
protein comprising an initiator amino acid methionine and the sequences GPQSNQ {(SEQ 1D
NG:22), RSAPRITEG (SEQ 1D NO7), GPTDST (SEQ 1D NG:23), and amino acids 211 10 419
of SEQ 1D NO:2; or (4) has an amino acid sequence of amino acids 210 to 419 of SEQ [D NO:2Z.

9 The method of any of claims 1-4 or &, wherein the at least one type of first
specific binding partner 1s a receptor binding domain (RBD) of a spike protein or variant thereof
that has an amine acid sequence of amino acids 319 to 542 of SEQ ID NO: 15 or SEQ ID NO:17.

10, The method of claim 8 or claim 9, wherein the method is carried out so that the at
least one type of first specific binding partner binds to (a) an anti-SARS-CoV-2 IgG anitbody;
{b) an anti-SARS CoV-2 IgM antibody; or (¢} both an anti-SARS-CoV-2 1gG antibody and anti-
SARS-CoV-Z IgM antibody.

1t The method of any of claims 1-10, wheren the method comprises detecting:

{a) at least one anti-SARS-CoV-2 TG antibody in at least one biological sample
obtained from a subject wherein the at least one type of first specific binding partner s a C-
terminal domam nucleocapsid protein or variant thereof that (1) has an amino acid sequence of
SEQ 1D NG:1; {2) is a fusion protein comprising an initiator amino acid methionine and the
sequences GPONQG (SEQ 1D NO:21), RSAPRITFG (SEQ 1D NG:7), GPTDST (SEQ 1D NO:23),
and amino acids 211 10 419 of SEQ 1D NG:2; (3) 1s a fusion protein comprising an initiator
amino acid methionine and the sequences GPQSNQ (SEQ 1D NO:22), RSAPRITFG (SEQ ID
NO7), GPTDST (SEQ ID NG:23), and amino acids 211 10 419 of SEQ I NG:2Z and specifically
binds to at least one anti-SARS-CoV-2 1gG antibody,; or (4) has an ammo acid sequence of
amino acids 210 10 419 of SEQ 1D NO:2, and/or

{b) at least one anti-SARS-CoV-2 IgM antibody in at least one biological sample
obtained in a subject wherem the at least one {irst specific binding partner wherein the at least
one first specific binding partner is a receptor binding domain (RBD} of a spike protein or
variant thereof that has an amino acid seguence of amino acids 319 10 542 of SEQ ID NGO 15 or

SEQ 1D NO:17 and specifically binds to at least one anti-SARS-CoV-2 1gM antibody; and
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wherein the at least one anti-SARS-CoV-2 1 antibody and/or at least one anti-SARS-
CoV-2 IgM antibody are detected in a single biological sample obtained from the subject or in
multiple biological samples obtained from the subject; and

further wherein, when the at least one anti-SARS-CoV-2 Ig(s antibody and at least one
anti-SARS-CoV-2 IgM antibody are detected simultaneously or sequentially, in any order, ina
single biological sample obtained from the subject or in multiple bislogical samples obtained
from the subject.

12, The method of any of claims 4-11, wherein the method quantifies up to {a) about
91% or {b} about 99% of anti-SARS-CoV-2 1g(G antibodies.

13, The method of any of claims 1-12, wherein the method further comprises
detecting SARS-CoV-Z from at least one biological sample obtained from the subject, said at
least one biological sample being a single biological sample or multiple biological samples.

14 The method of claim 13, wherein the SARS-CoV-2 detected comprises a variant:

a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ ID NO:2 comprising: (1) replacing serine
with phenylalanine at anuno acid posttion 235 (S235F); (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)
replacing alanine with threonine at amino acid position 376 {A376T); or {6} any combinations of
{13-(5}, exther alone or combined with any other aubstitutions and/or deletions in amino acids
210-419 of SEQ ID NO:2 other than those recited in {1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NGO 1S comprising (1) replacing lysine
with asparagine at amino acid position 417 (K41T7N); (2) replacing lysine with threonine at
amino acid position 417 (K417T) (3) replacing leucine with arginine at amino acid position 452
(LA45ZR); (4) replacing serine with asparagme at amino acid position 477 (S477N); (5) replacing
elutamic acid with lysine at amine acid position 484 (E484K); (6} replacing asparagine with
tyrosine at amino acid position 501 (N301Y}; or (7} any combinations of {1)-{6), either alone or
combined with any other substitutions and/or deletions in aming acids 319-542 of SEQ 1D
N(:15 other than those recited in {(1)-(6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b},
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15 The method of any of claims 12-14, wherein the SARS-CoV-2 s detected by its
viral RNA using polyvmerase chain reaction, or by its viral antigen.

16. The method of any of claims 12-14, wherein said multiple biological samples are
obtained af the same or different times,

17. The method of any of claims 12-16, wherein the method further comprises
detecting whether the subject 1s in:

(a) an mitial period of infection without any antibodies being produced, when the at least
one biological sample obtained from the subject is positive for viral RNA or viral antigen,
negative for anti-SARS-CoV-2 IpM antibodies, and negative for anti-SARS-CoV-2 oG
anttbodies; and/or

(b} an early acute phase of infection, and is developing an inmunune response to the virus
and producing antibodies, when the at least one biological sample obtained from the subject is
positive for viral RNA or viral antigen, positive for an anti-SARS-CoV-2 1gM antibodies, and
negative for anti-SARS-CoV-2 IgG antibodies; and/or

(¢} an early acute phase of infection or had a false negative viral RNA result or viral
antigen result, or a false positive anti-SARS-CoV-2 IgM antibody result, when the at least one
biological sample obtained from the subject is negative for viral RNA, positive for anti-SARS-
CoV-2 IgM antibodies, and negative for anti-SARS-CoV-2 IgG anttbodies; and/or

{(d) an acute phase of infection, and 1s progressing in an vrumune response, when the at
ieast one biological sample obtamed from the subject is positive for viral RNA or viral antigen,
positive for anti-B-coronaviras [gM antibodies, and positive for anii-SARS-CoV-2 I2G
antibodies; and/or

{e} a late acute phase of infection, or has developed a recurrent infection with SARS-
CoV-2, when the at least one biological sample obtained from the subject is positive for viral
RNA or viral antigen, negative for anti-SARS-CoV-2 IgM antibodies, and postiive for anti-
SARS-CoV-2 Ig( antibodies;

{f} a late acute phase of infection or recovery phase, or had a false negative viral RNA
result, when the at least one biclogical sample obtained from the subject is negative for viral
RNA or viral antigen, positive for anti-B-coronavirus IgM aniibodies, and positive for anti-

SARS-CoV-2 IgG antibodies;
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(g} recovery phase when the at least one biological sample obtained from the subject is
negative for viral RNA or viral antigen, negative for anti-SARS-CoV-2 1M antibodies and
positive for anti-SARS-CoV-2 IgG antibodies; and/or

{h) recovery phase when the at least one biological sample obtained from the subject is
negative for viral RNA or viral antigen and negative for anti-SARS-CoV-2 IgM antibodies and
anti-SARS-CoV-2 IgG antibodies.

18 The method any of claims 1-17, wherein the method further comprises a pre-
treatment step done at the same time as, or prior to, contacting the at least one type of first
specific binding partner, the at least one type of second specific binding pariner, or the at least
one type of first specific binding partner and the at least one type of second specific binding
partner, with the biological sample, and wherein the pretreatment step optionally comprises
treatment with anti-human 1gG, anti-human IgM, or anti-human [gG and anti-human Igh.

19, The method of any of claims 1-18, wherein the at least one type of first specific
binding partner is immobilized on a solid support.

20. The method of any of claims 1-19, wherein the method 15 performed 1o from
about S to about 20 nunutes, less than about 20 munutes, and optionally 1s performed m less than
about 5 minutes, less than about 10 nunutes or less than about 15 minutes.

21 The method of any of claims 1-20, wherein the method further comprises use with
at least one calibrator reagent, at least one control reagent, or at least one calibrator reagent and
at least one conirol reagent.,

22. The method of any of claims 1-21, wherein the method {urther employs use of at
ieast one calibrator reagent or a control reagent comprising a sequence of monocional antibody
CR3018 or CR3022.

23, The method of any of claims 1-22, wheremn the method 1s selected from the group
consisting of an immunoassay, or a chinical chemistry assay.

24 The method of any of claims 1-23, wherein the method s performed using single
molecule detection, lateral flow assay, or a point-of-care assay.

25. The method of any of claims 1-24, wherein the method further comprises
identifying a subject having one or more anti-SARS-CoV-2 1gG and/or anti-SARS-CoV-2 IgM
antibodies as a candidate subject to provide a biological sample for use in convalescent therapy

againstSARS-CoV-2.
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26. The method of claim 25, wherein the subject is identified as a candidate to
provide a biological sample for use in convalescent therapy if the level of one or more SARS-
CoV-2 1gG and/or SARS-CoV-2 IgM antibodies 1s from at least about 100 BAU/mL to about
490 BAU/mL, at least about 110 BAU/mL to about 4950 BAU/mL; at least about 200 BAU/mL
to about 490 BAU/mL; at least from about 300 BAU mL to about 490 BAU/mL; at least about
400 BAU mL to about 490 BAU/mL,; at least about 100 BAU/mL; at least about 110 BAU/mL;
at least about 120 BAU/mL; at least about 130 BAU/mL; at least about 140 BAU/mL; at least
about 150 BAU/mL; at least about 160 BAU/mL; at least about 170 BAU/mL; at least about 180
BAU/mL; at least about 190 BAU/mL; at least about 200 BAU/mL; at least about 210 BAU/mL;
at least about 220 BAU/mL; at least about 230 BAU/mL; at least about 240 BAU/mL; at least
about 250 BAU/mL; at least about 260 BAU/mL; at least about 270 BAU/mL; at least about 280
BAU/mL; at least about 290 BAU/mL; at least about 300 BAU/mL; at least about 300 BAU/mL;
at least about 310 BAU/mL; at least about 320 BAU/mL; at least about 330 BAU/mL; at least
about 340 BAU/mL; at least about 350 BAU/mL; at least about 360 BAU/mL; at least about 370
BAU/mL; at least about 380 BAU/mL; at least about 390 BAU/mL; at least about 400 BAU/ml.;
at least about 400 BAU/mL; at least about 410 BAU/ml; at least about 420 BAU/mL; at least
about 430 BAU/mL; at least about 440 BAU/mL.; at least about 450 BAU/mL; at least about 460
BAU/mL; at least about 470 BAU/mL,; at least about 480 BAU/mL.; or at least about 490
BAU/mlL..

27. The method of claim 26, wherein the subject 1s 1dentified as a candidate to
provide a biological sample for use in convalescent therapy if the level of one or more SARS-
CoV-2 IgG and/or anti-f~coronavirus IgM antibodies is from at least about 500 BAU/mL to
about 650 BAU/mL; at least about 350 BAU/mL to about 650 BAU/mL; at least about 500
BAU/mL; from at least about 510 BAU/mL.; at least about 520 BAU/mL; at least about 330
BAU/mL.; at least about 540 BAU/mL; at least about 550 BAU/mL to about 650 BAU/ml.; at
feast about 550 BAU/mL; at least about 560 BAU/mL; atleast about 370 BAU/mL; at least
about 580 BAU/mL; at least about 590 BAU/mL.; at least about 600 BAU/mL; at least about 610
BAU/mL; at least about 620 BAU/mL,; at least about 630 BAU/mL; at least about 639 BAU/mL;
at least about 640 BAU/mL; or at least about 650 BAU/mL.

28 The method of any of claims 1-27, wherein the method:
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(a) further comprises detecting at least one type of anti-SARS-CoV-2 Ig( neutralizing
antibody;

{b} demonstrates high qualitative agreement with a plague reduction neutralization assay;

{c} detects increasing amounts of anti-SARS-CoV-2 1gG antibodies as detected by the
method that are associated with increasing amounts of anti-SARS-CoV-2 1gG neutralizing
antibodies;

{d} has a probability profile that corresponds to high titer levels in the plague reduction
neutralization assay such that there is a high probability of the levels of anti-SARS-CoV-2 {gG
antibodies determined by the method being at or above the levels of anti-SARS-CoV-2 IgG
neutralizing antibodies determined in the plaque reduction neutralization assay; or

{e} demonstrates high qualitative agreement with an ACE2 binding inhibition assay.

29. The method of claim 28, whereimn a level of anti-SARS-CoV-2 1gG antibodies of
at least about 4160 AU/mL (about 590 BAU/mL )} when used as a cut-off or threshold correspond to
about a 0.95 probability of obtaining a plague reduction neutralization assay IDSO at 1250 dilution.

30, The method of clanm 28, wherein the anti-SARS-CoV-2 neutralizing antibody 1s
an anti-SARS-CoV-2 1g( antibody that 1s an anti-nucleocapsid (N} antibody, an anti-spike
antibody, or any combination thereof

31 The method of any of claims 1-30, wherein the method comprises obtamning the at
ieast one biological sample from the subject at a critical time of from about fourteen {14) days to
about thirty-five (35} days after onset of symptoms of SARS-CoV-2.

32 The method of claim 31, wherein the method further comprises determining that
the subject: (1) more likely than not will develop or experience at least one of a cytokine storm,
acute respiratory distress syndrome {ARDS), or a combination of a cytokine storm and ARDS f
anti-SARS-CoV-2 IgM antibody, anti-SARS-CoV-2 [gG antibody, or anti-SARS-CoV-2 IgM
antibody and anti-SARS-CoV-2 1gG antibody are not detected m the biological sample within
the ¢ritical time; or {11} more hikely than not will not develop or experience at least one of a
cytokine storm, ARDS, or a combination of a cytokine storm and ARDS if anti-SARS-CoV-2
isM antibody, anti-SARS-CoV-2 1gG antibody, or anti-SARS-CoV-2 IgM antibody and anti-
SARS-CoV-2 IgG antibody are not detected m the biological sample within the critical time.

33, The method of any of claims 1-32, wherein the subject: (1} is naive and was not

previously vaccinated against SARS-CoV-2; (2} 15 naive and was previously vaccinated against
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SARS-CoV-2Z; (3} 18 currently infected with SARS-CoV-2 and was not previously vaccinated
against SARS-CoV-2; (4} is currently infected with SARS-CoV-2 and was previously vaccinated
agaimst SARS-CoV-2; (5) was previously infected with SARS-CoV-2, recovered, and was not
previously vaccinated against SARS-CoV-2; or {6) was previously infected with SARS-CoV-2,

recovered, and then was vaccmated against SARS-CoV-2,

34, The method of claim 33, wherein the method is performed to: (a) determine
whether the subject can be administered a current vaccine for SARS-CoV-2; or (b} monitor the
subject following the current vaccine or previous vaccination, based on detecting the presence of
at least one type of anti-SARS-CoV-2 antibody in the sample.

35. The method of claim 34, performed regardless of variation in timing and/or

severity of prior infection with SARS-CoV-Z.

36, The method of any of claim 34 or 35, wherein the method comprises determining

that the current vaccine for SARS-CoV-2:

{a) can be administered to the subject when no anti-SARS-CoV-2 antibodies, no anti-
SARS-CoV-Z g neutralizing antibodies, or an amount of anti-SARS-CoV-2 1g(5 antibody or
anti-SARS-CoV-2 IgG neutralizing antibody that is msufficient to impart immunity, are detected

in the biological sample; and/or

{b} should not be administered to the subject if an amount of anti-SARS-CoV-2 antibody
or anti-SARS-CoV-2 1pG neutralizing antibody that 1s sufficient to impart immunity is detected

i the biological sample.

37, The method of claim 36, wherein the amount of anti-SARS-CoV-2 antibody or anti-
SARS-CoV-2 IgG neutralizing antibody sufficient to impart immunity s from at least about 100
BAU/mlL to about 490 BAU/mL; at least about 110 BAU/mL to about 490 BAU/mL; at least
about 200 BAU/mml. to about 490 BAU/mL,; at least from about 300 BAU mL to about 490
BAU/mL; at least about 400 BAU mL to about 490 BAU/mL,; at least about 100 BAU/mL,; at
feast about 110 BAU/mL; at least about 120 BAU/inl; at least about 130 BAU/mL,; at least
about 140 BAU/mL; at least about 150 BAU/mL.; at least about 160 BAU/mL; at least about 170
BAU/mL; at least about 180 BAU/mL,; at least about 190 BAU/mL,; at least about 200 BAU/mL;
at least about 210 BAU/mL,; at least about 220 BAU/mL; at least about 230 BAU/mlL.; at least

about 240 BAU/iol.; at least about 250 BAU/mL; at least about 260 BAU/mL.; at least about 270
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BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL; at least about 300 BAU/mL;
at least about 300 BAU/mL; at least about 310 BAU/mL; at least about 320 BAU/mL.; at least
about 330 BAU/mL; at least about 340 BAU/mL; at least about 350 BAU/mL; at least about 360
BAU/mL; at least about 370 BAU/mL; at least about 380 BALU/mL; at least about 390 BAU/mL;
at least about 400 BAU/mL; at least about 400 BAU/mL; at least about 410 BAU/mL; at least
about 420 BAU/mL; at least about 430 BAU/mL; at least about 440 BAU/mL; at least about 450
BAU/mL; at least about 460 BAU/mL; at least about 470 BAU/mL; at least about 480 BAU/mL;
or at least about 490 BAU/mL.

38. The method of claim 36, wherein the amount of anti-SARKS-CoV-2 antibody or
anti-SARS-CoV-2 IgG neutralizing antibody sufficient to impart immunity is: {a) from at least
about 330 BAU/mL to about 650 BAU/mL; (b) at least about 550 BAU/mL; {c) at least about
560 BAU/mL; (d) at least about 570 BAU/mL; (e} at least about 580 BAU/mL; {f) at least about
590 BAU/mL,; {g) at least about 600 BAU/mL,; (h) at least about 610 BAU/mL; (i) at least about
620 BAU/mL; (5} at least about 630 BAU/mL; (K} at least about 639 BAU/mL; (1) at least about
640 BAU/mL; or {m) at least about 650 BAU/mL.

39. The method of claim 34, wherem the method comprises obtaining the biclogical
sample within a time tframe after the subject has received either the current vaccine or previous
vaceination for SARS-CoV-2 of at least one day, at least 2 days, at least 3 days, at least 4 days, at
least S days, at least & days, at least 7 days, at least 8 days, at least 9 days, at feast 10 days, at
feast 11 days, at least 12 days, at least 13 days, at least 14 days, at least 15 days, at least 16 days,
at least 17 days, at least 18 days, at least 19 days, at least 20 days, at least 21 days, at least 22
days, at feast 23 days, at least 24 days, at least 25 days, at least 26 days, at feast 27 days, at least
28 days, at least 29 days, at least 30 days, at least 31 days, at least 32 days, at least 33 days, at
ieast 34 days, at least 35 days, at least 36 days, at least 37 days, at least 38 days, at least 39 days,
at least 40 days, at least 41 days, at least 42 days, at least 43 days, at least 44 days, at least 45

days, at least 46 days, at least 47 days, at least 48 days, at least 49 days, or at least 50 days.

40. The method of claim 34, wherein the biological sample 1s obtained within about 7

to about 21 days after the subject has received either the current vaccine or previous vaccination.

43 The method of clarm 39 or claim 40, wherein the method comprises deternuning

that at least one further vaccine for SARS-CoV-2:
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(a) can be administered to the subject after the current vaccine if no anti-SARS-CoV-2
anttbodies, no anti-SARS-CoV-2 1g(G neutralizing antibodies, and/or an amount of anti-SARS-
CoV-2 1gG antibody or anti-SARS-CoV-2 [gG neutralizing antibody that is insufficient to impart

mmmunity, s detected in the biclogical sample obtained from the subject; or

{b} should not be administered to the subject after the current vaccine if an amount of
anti-SARS-CoV-2 antibody or anti-SARS-CoV-2 1gG neutralizing antibody that 15 sufficient to

impart immunity is detected in the biological sample obtained from the subject.

42, The method of claim 41, wherein the amount of anti-SARS-CoV-2 antibody or
anti-SARS-CoV-2 I3 neutralizing antibody sufficient to impart immumity 1s from at least about
100 BAU/mL to about 490 BAU/mL; at least about 110 BAU/mL to about 490 BAU/mL; at
least about 200 BAU/mL to about 490 BAU/mL; at least from about 300 BAU mL to about 490
BAU/mL; at least about 400 BAU mL to about 490 BAU/mL; at least about 100 BAU/mL; at
least about 110 BAU/mL; at least about 120 BAU/mL; at least about 130 BAU/mL; at least
about 140 BAU/mL; at least about 150 BAU/mL; at least about 160 BAU/mL; at least about 170
BAU/mL; at least about 180 BAU/mL; at least about 190 BAU/mL; at least about 200 BAU/mL;
at least about 210 BAU/mL; at least about 220 BAU/mL; at least about 230 BAU/mL; at least
about 240 BAU/mL; at least about 250 BAU/mL; at least about 260 BAU/mL; at least about 270
BAU/mL; at least about 280 BAU/mL; at least about 290 BAU/mL; at least about 300 BAU/mL;
at least about 300 BAU/ml.; at least about 310 BAU/mL; at least about 320 BAU/mlL,; at least
about 330 BAU/iol.; at least about 340 BAU/mL; at least about 350 BAU/mL.; at least about 360
BA/mL; at least about 370 BAU/mL; at least about 380 BAU/mL,; at least about 390 BAU/ml.;
at least about 400 BAU/mL; at least about 400 BAU/moL.; at least about 410 BAU/mL; at least
about 420 BAU/mL; at least about 430 BAU/mL.; at least about 440 BAU/mL; at least about 450
BAU/mL; at {east about 460 BAU/mL,; at least about 470 BAU/mL; at least about 480 BAU/mL;
or at feast about 490 BAU/mL.

43, The method of claim 41, wheremn the amount of anti-SARS-CoV-2 antibody or
anti~-SARS-CoV-2 IgG neutralizing antibody sufficient to impart immunity is from at least about
500 BAU/mL to about 650 BAU/mL; at least about 550 BAU/mL to about 650 BAU/mL; at teast
about 300 BAU/mL; from at least about 510 BAU/mL; at least about 520 BAU/mL; at least

about 530 BAU/mL.; at least about 540 BAU/mL,; at least about 550 BAU/mL. to about 650
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BAU/mL; atleast about 550 BAU/mL; at least about 560 BAU/mL; at least about 57
BAU/mL; at least about 580 BAU/mL; at least about 590 BAU/mL,; at least about 600 BAU/mL;
at least about 610 BAU/mL; at least about 620 BAU/mL; at least about 630 BAU/mL; at least
about 639 BAU/mL; at least about 640 BAU/mL; or at least about 650 BAU/mL.

44, The method of any of claims 28, 30, 36, 37, 3§, 41, 42 or 43 wherein the anti-
SARS-CoV-2 neutralizing antibody is an anti-SARS-CoV-2 Ig( antibody that is an anti-

nucleocapsid (N) antibody, an anti-spike antibody, or any combination thereof.

45, The method of any of claims 1-44, wherem the method further comprises {(a)
monitoring the subject for at least one type of anti- SARS-CoV-2 antibody, optionally, 1eG
and/or IgM antihodies; (b} treating the subject for SARS-CoV-2; {¢) monitoring the subject for at
least one type of anti- SARS-CoV-2, optionally, 1gG and/or IgM antibodies and treating the
subject for SARS-CoV-2; or (d) treating the subject for a SARS-CoV-2 and monitoring the
subject for at least one type of anti- SARS-CoV-2 antibody, optionally, 1gG and/or IgM

antibodies.

46 The method of any of claims 1-45, wherein the volume of the biological sample
used in the method 15 from about 0.30 pl to about 0.40 pb.

47 The method of any of claims 1-46, wherein the method comprises (a) diluting the
biological sample prior to or during the method and further wherein the diluting comprises
mixing about 10 ul. of the biclogical sample with about 290 uL of at least one buffer to forma
biological sampling nuxture; and (b) removing about 10 uL. from the biological sampling

mixture for use in the method.

48 The method of any of claims 1-47, wherein the method 1s adapted for use in an

automated system or a semi-automated system.
49 A kit for performing the method of claim 1, wherein the kit comprises:

a. at least one type of specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-termunal domain nucleocapsid protein, a
receptor binding domain (RBIY) of a spike protein, or a C-termunal domain nucleocapsid protein
and a receptor binding domain (RBD) of a spike protein from a B~coronavirus; and

b, at least one type of second specific binding partner comprising at least one detectable
iabel,
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50. The kit of claim 49, wherein the at least one type of anti-SARS-CoV-2 antibody
detected or determined specifically binds to a variant

a} of the nucleocapsid protein having one or more substitutions, deletions ora
substitution and deletion at positions 210-419 of SEQ 1D NO:2 comprising: (1) replacing serine
with phenylalanine at amino acid position 235 {(8235F}; (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
3 {K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (DB377Y); (5}
replacing alanine with threonine at amino acid position 376 (A376T); or (6) any combinations of
{1}-(3}, etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited in {(1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D NO:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2} replacing lysine with threonine at
amino acid position 417 (K41771}y; (3) replacing leucine with arginine at anuno acid position 452
{L452R); (4) replacing serine with asparagine at anino acid posttion 477 {(8477N); (5) replacing
glutarnic acid with lysine at amino acid position 484 (E484K); (&} replacing asparagine with
tyrosine at ammno acid position 301 (NSO1Y); or {7} any combinations of (13-(5), either alone or
combined with any other substitutions and/or deletions n amino acids 319-5342 of SEQ ID
NG 1S other than those recited m {(13-{6}); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b},

51, The kat of clann 49 or claim 50, wherein the kat further comprises, or is
configured to be used with, at least one calibrator reagent, at least one control reagent, or at least
one calibrator reagent and at least one control reagent.

52. The kit of any of claims 49-51, wherein the kit further comprises at least one solid
SUppott.

53. The kit of any of claims 49-52, wherein the kit further comprises, or 1s configured

1o be used with, at least one pretreatment reagent.

54. The kit of any of claims 49-53, wherein the isolated polypeptide is a fusion
polypeptide.
55. The kit of any of claims 49-54, wherein the at least one type of second specific

binding partner is an anti-species Ig(3 (e.g., anti-human-IgG 12} antibody, an anti-species {gM

332



WO 2021/211332 PCT/US2021/026149

{e.g., anti-human-IgM 1g(3} antibody, or an anti-species Ig(G (e.g., anti-human-IgG Ig(3)
anttbody and an anti-species 1gM (e g, anti-human-1gM 1gG) antibody.

56.  The kit of any of claims 49-55, wherein the kit further comprises at least one
calibrator reagent or control reagent comprising a sequence of monocional antibody CR3018 or
CR3022.

57. The kit of any of claims 49-56, wherein the at least one type of first specific
binding partner 1s a C-terminal domain nucleocapsid protein or variant thereof that
{1} has an amino acid sequence of SEQ D NO:1; (2) 1s a fusion protein comprising an initiator
amino acid methionine and the sequences GPQNQ (SEQ ID NG:21), RSAPRITFG (SEQ ID
NO:7), GPTDST (SEQ 1D NO:23), and amino acids 211 to 419 of SEQ 1D NG:Z; (3) is a fusion
protein comprising an initiator aming acid methionine and the sequences GPQSNQ (SEQ ID
NO:22), RSAPRITFG (SEQ ID NO:7y, GPTDST (SEQ 1D NO:23), and amino acids 211 to0 419
of SEQ ID NO:2; or {4) has an amino acid sequence of amino acids 210 10 419 of SEQ D NO:2.

58. The kit of any of claims 49-57, wherein the at least one type of first specific
binding partner 13 a receptor binding domain (RBD) of a spike protemn that has an aromno acid
sequence of amino acids 319 to 542 of SEQ 1D NOG:15 or SEQ ID NG:1T.

59, The kit of any of clanmns 49-58, wherein the at least one type of first specific
binding partner binds to (a) an anti-SARS-CoV-2 IgG antibody, (b) an anti-SARS-CoV-2 IgM
anttbody, or {¢) combinations of {a} and (b).

60, The kit of any of claims 49-59, wherein the kit 1s adapted for use with an
automated or semi-automated system.

61. A system for detecting a presence or determining an amount of anti-SARS-CoV-2
anttbody in a biological sample obtained from a subject comprising:

at least one type of first specific binding partner comprising at least one B-coronavirus
isolated polypeptide or variant thereof selected from a C-terminal domain nucleocapsid protein, a
receptor bindimg domain (RBD) of a spike protein, or a C~terminal domain nucleocapsid protem
and a receptor binding domain (RBD) of a spike protein from a B-coronavirus that specifically
binds to at least one type of anti-SARS-CoV-2 anitbody and at least one type of second specific

binding partner comprising at least one detectable label; and
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at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti- SARS-CoV-Zantibody
in the sample.

62. The system of claim 61, wherein the at least one type of anti-SARS-CoV-2
antibody detecied specifically binds to a variant:

a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ 1D NG:2 comprising: {1) replacing serine
with phenylalanine at amino acid position 235 (S235F); (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3) replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (§)
replacing alanine with threonine at amino acid position 376 {A376T); or {6} any combinations of
{1)-(5), etther alone or combined with any other substitutions and/or deletions in amino acids
210-419 of SEQ 1D NO:2 other than those recited 1n (13-(5);

by of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ ID NO: 13 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N): (2) replacing lysine with threonine at
aroino acid position 417 (K4177); (3) replacing leucine with arginine at aroino acid position 452
{1.452R); (4) replacing serine with asparagine at amino acid position 477 {8477N); (5) replacing
glutamic acid with lysine at amino acid position 484 (E484K); (6) replacing asparagine with
tyrosine at ammo acid position 501 (N301Y), or (7) any combinations of {1)-{6), either alone or
combined with any other substitations and/or deletions in aming acids 319-542 of SE} 1D
NO:15 other than those recited in (1)-(6}; or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b).

63.  The system of claim 61 or claim 62, wherein the device for detecting the label
from the complex 1s astomated or semi-automated.

64. The system of any of claims 61-63, wherein the at least one type of anti-SARS-
CoV-2 antibody s an IgG antibody, an IgM antibody, or any combination thereof.

65, The system of any of claims 61-64, wherein the at least one type of second
specific binding partner 1s an anti-species [2G (e.g., anti-human-IgG {g(G) antibody, an anti-
species 1gM (e.g., anti-human-1gM 1gG) antibody, or an anti-species lgG (e.g., anti-human-IgG

1eG) antibody, and anti-species [gM (e.g., anti-human-fgh 12G) antibody.

334



WO 2021/211332 PCT/US2021/026149

66. The system of claims 61-65, wherein the at least one type of first specific binding
partner is a C-terminal domain nucleocapsid protein or variant thereof that
{1} has an ammno acid sequence of SEQ 1D NO:1; (2) 15 a fusion protein comprising an initiator
amino acid methionine and the sequences GPONQ (SEQ 1D NG:21), REAPRITHFG (SEQ ID
NG:7), GPTDST (SEQ 1D NO:23}, and amino acids 211 t0 419 of SEQ 1D NG:2; (3) 1s a fusion
protein comprising an initiator amino acid methionine and the sequences GPQSNQ {(SEQ 1D
NG:22), RSAPRITFG (SEQ ID NO:7), GPTDST (SEQ I NO:23), and amino acids 211 1o 419
of SEQ 1D NO:2; or (4) has an amino acid sequence of amino acids 210 to 419 of SEGQ ID NG 2.

67. The system of any of claims 61-66, wherein the at least one type of first specific
binding partner is a receptor binding domain (RBD) of a spike protein or variant thereof that has
an amino acid sequence of amino acids 319 to 542 of SEQ 1D NO:15 or SEGQ ID NO:17.

68, The system of any of claims 61-67, wherein the at least one type of first specific
binding partner binds to (3} an anti-SARS-CoV-2 1gG antibody, (b} an anti-SARS-CoV-2 IgM
antthody, or (¢} combinations of {a} and (b}.

69 Inanumprovement of a method of detecting at least one type of anti-SARS-CoV-
2 antibody 1 a biclogical sample, wherein the method comprises detecting a complex
comprising a first type of specific binding partner, said sample anti-SARS-CoV-2 antibody, and
a second type of specific binding partner comprising at least one detectable label, wherein the
improvement comprises using at least one type of first specific binding partner comprising at
ieast one 1solated polypeptide from a C-terminal domain of a B-coronavirus nucleocapsid protein
or a variant thereof,

70. In the improvement of claim 69, wherein the at least one type of first specific
binding partner 1s a C-terminal domam nucleocapsid protein or variant thereof that (13 has an
amino acid sequence of SEQ 1D NG 1; (2} 1s a fusion protein comprising an mitiator amino acid
methionme and the sequences GPONQ (SEQ ID NG:21), RSAPRITFG (SEQ 1D NOT),
GPTDST (SEQ 1D NO:23), and amine acids 211 10 419 of SEQ 1D NG:2; (3) 13 a fusion protein
comprising an initiator amino acid methionine and the sequences GPQSNQ (SEQ 13 NO:22),
REAPRITFG (SEQ ID NO:7), GPTDST (SEG ID NO:23), and amino acids 211 to 419 of SEQ
1D NO:2; or {4) has an amino acid sequence of amino acids 210 t0 419 of SEQ [D NO:2.

71 In an improvement of a method of detecting at least one type of anti- SARS-CoV-

2 antibody 0 a biological sample, wherein the method comprises detecting a complex
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comprising a first type of specific binding partner, said sample anti- SARS-CoV-2 antibedy, and
a second type of specific binding partner comprising at least one detectable label, wherein the
improvement comprises using a first specific binding pariner comprising at least one isolated
polypeptide from a receptor binding domain {(RBD) of a B-coronavirus spike protein or a variant
thereof.

72. In the improvement of claim 71, wherein the at feast one type of first specific
binding partner is a receptor binding domain (RBD) of a spike protein or variant thereof that has
an amino acid sequence of amino acids 319 to 542 of SEQ ID NO:1S or SEQ D NO:17.

73. In the improvement of claim 70 or claim 71, wherein the at least one first type of
specific binding partner binds to {a) an anti-SARS-CoV-2 1gG antibody, (b) an anti-SARS-CoV-
2 IgM antihody, or {c) combinations of {(a) and (b}.

74, The improvement of any of claims 69-73, wherein the at least one type of anti-
SARS-CoV-Z antibody detected specifically binds to a variant:

a} of the nucleocapsid protein having one or more substitutions, deletions or a
substitution and deletion at positions 210-419 of SEQ ID NO:2 comprising: (1) replacing serine
with phenylalanine at anuno acid posttion 235 (S235F); (2) replacing methionine with isoleucine
at amino acid position 234 (M2341); (3} replacing lysine with asparagine at amino acid position
373 (K373N); (4) replacing aspartic acid with tyrosine at amino acid position 377 (D377Y); (5)
replacing alanine with threonine at amino acid position 376 {A376T); or {6} any combinations of
{13-(5}, exther alone or combined with any other aubstitutions and/or deletions in amino acids
210-419 of SEQ ID NO:2 other than those recited in {1)-(5);

b} of the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-542 of SEQ 1D N{O: 15 comprising {1) replacing lysine
with asparagine at amino acid position 417 (K41T7N); (2) replacing lysine with threonine at
amino acid position 417 (K417T) (3) replacing leucine with arginine at amino acid position 452
(LA45ZR); (4) replacing serine with asparagme at amino acid position 477 (S477N); (5) replacing
elutamic acid with lysine at amine acid position 484 (E484K); (6} replacing asparagine with
tyrosine at amino acid position 501 (N301Y}; or (7} any combinations of {1)-{6), either alone or
combined with any other substitutions and/or deletions in aming acids 319-542 of SEQ 1D
N(:15 other than those recited in {(1)-(6); or

¢} from a SARS-CoV-2 virus comprising any combination of a} and b},
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75, Inan improvement of a method or system for determining an amount of an anti-
SARS-CoV-2 Ig(G antibody m a subject hased on the amount of detectable signal assessed,
wherein the improvement comprises: {a) a linear assay range of up to 50,000 AU/mL; (b}
determining an amount in arbitrary units rather than an index; and/or (¢} improved detection of
positive samples as compared to other assays.

76. A method of predicting outcome in a subject that is or was mnfected with SARS-
CoV-2, the method comprising the steps of:

a) detecting an anti-SARS-CoV-2 1gG antibody in at least one biological sample obtained
from the subject within a first ten days after onset of symptoms of SARS-CoV-2 infection;

b} detecting an anti-SARS-CoV-2 IgM antibody in the at least one biological sample
obtained from the subject within the first ten days after onset of symptoms of SARS-CoV-2
mfection;

¢} determining which of the anti-SARS-CoV-2 1gG or anti-SARS-CoV-2 IgM antibody

detected in a) and b) first appears in the sulyect;

d} predicting that the subject is more likely to have an unfavorable outcome if anti-
SARS-CoV-2 Ig(G antibody first appears in the subject prior to the appearance of anti-SARS-
CoV-2 1gM antibody; and

e} predicting that the subject is more likely to have an favorable outcome if anti-SARS-
CoV-2 IgG antibody first appears in the subject at the same time or after the appearance of anit-

SARS-CoV-2 IgM antibody.

77 The method of claim 76, wherein the subject is hospitalized for symptoms of

SARS-CoV-2.

78, The method of claim 76 or claim 77, wherein (i} the anti-SARS-CoV-2 1gG
antibody and the one anti-SARS-CoV-2 IgM antibody are detected 1n the same biclogical
sample; or (i1} the anti-SARS-CoV-2 1gG antibody and the anti-SARS-CoV-2 IgM antibody are
detected mn ditferent biological samples,

79 The method of any of claims 76-78, wherein the anti-SARS-2 196G antibody and

the anti-SARS-CoV-2 IgM antibody are (1} detected on the same day within the first ten days



WO 2021/211332 PCT/US2021/026149

after onset of symptoms; (11} detected on different days within the first ten days after the onset of

symptoms.

80C. The method any of claims 76-79, wherein the anti-SARS-CoV-2 IgG antibody is
detected in at least one biological sample obtained from the subject within the first day after the
onset of symptoms, within the second day after the onset of symptoms, within the third day after
the onset of symptoms, within the fourth day after the onset of symptoms, within the fifth day
after the onset of symptoms, within the sixth day after the onset of symptoms, within the seventh
date after the onset of symptoms, within the eighth day after the onset of symptoms or within the

ninth day after the onset of symptoms.

81. The method of any of claims 76-80, whergin the anti-SARS-CoV-2 IgM antibody
1s detected in at least one biological sample obtamed from the subject within the first day after
the onset of symptoms, within the second day after the onset of symptoms, within the third day
after the onset of symptoms, within the fourth day of infection, within the fifth day after the
onset of symptoms, within the sixth day after the onset of symptoms, within the seventh date
after the onset of symptoms, within the eighth day after the onset of symptoms or within the

ninth day after the onset of symptoms.

82, The method of any of claims 76-81, wherein the unfavorable outcome 5 death.
83. A method of predicting outcome in a subject that is or was infected with SARS-

CoV-2, the method comprising the steps of;

a) obtaining a signal-to-calibrator ratio (S/CO) from an assay of at least one anti-SARS-
CoV-2 1gM antibody in at least one biological sample obtained from the subject at least ten days

after onset of symptoms of SARS-CoV-2Z; and

b} predicting that the subject is more likely than not to have an unfavorable outcome if
the S/CO ratio of anti-SARS-CoV-2 IgM antibody determined in the biological sample is equal
o or greater than about 10 8/CO.

84, The method of claim 83, wherein the subject is hospitalized for symptoms of

SARS-CoV-Z.
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85. The method of claim 83 or claim 84, further comprising that the subject is more
likely than not to have an unfavorable outcome if the level of anti-SARS-CoV-2 IgM antibody

determined n the biclogical sample is between about 10 S/C0 to about 15 S/CO.

86.  The method of any of claims 76-85, wherein the method 15 selected from the

group consisting of an immunoassay, or a clinical chemistry assay.

87. The method of any of claims 76-86, wherein the method s performed using single

molecule detection, lateral flow assay or a poini-of-care assay.

88. A method of determining SARS-CoV-2 immune status of a subject, the method
comprising the steps of’
a} determining an amount of at least one anti-SARS-CoV-2 Ig(y antibody and/or anti-
SARS-CoV-2 1g( neutralizing anitbody in at least one biological sample obtained from a

subject; and

o
N

determining the subject’s SARS-CoV-2 mmmune status, wherein the subject 18 determined
to have immunity to SARS-CoV-2 when the amount of anti-SARS-CoV-2 1gG antibody
and/or anti-SARS-CoV-2 1¢G neutralizing antibody s (8} from at least about 550
BAU/mL to about 650 BAU/mL; or (b) from at least about 100 BAU/mL to about 450
BAU/mL,
wherein the method is performed irrespective of (1) the subject’s prior mfection and/or
vaccination history with SARS-CoV-2, and/or (1) whether there is any knowledge of the
subject’s prior infection and/or vaccination history with SARS-CoV-2.

89, The method of claim 88, wherein the subject has oot previously been infected
with SARS-CoV-2.

90, The method of claim 88, wherem the subject has previously been infected with

SARS-CoV-2,

91 The method of any of claims 88-20, wherein the subject has not previcusly been
vaceinated for SARS-CoV-2,

92, The method of any of claims 88-90, wherein the subject has previously been
vaccinated for SARS-CoV-2.
93 The method of any of claims 88-92, wherein the immune status of the subject is

that the subject has immunity to SARS-CoV-2.
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o4 The method of any of claims 88-92, wherein the immune status of the subject is
that the subject does not have immunity to SARS-CoV-2.
95.  The method of any of claims 88-94, wherein the method is selected from the

group consisting of an immuncassay, or a clinical chemistry assay.

a6, The method of any of claims 88-95, wherein the method is performed using single

molecule detection, lateral flow assay or a pomt-of-care assay.

97. A system for assessing whether a subject 15 likely to have immumty from
mfection from SARS-CoV-2 in a biological sample obtained from a subject, the system
COMPFISing:

at least one type of first specific binding partner comprising at least one type of -
coronavirus isolated polypeptide or variant thereof selected from a C-terminal domain
nucleocapsid protein, a receptor binding domain (RBD} of a spike protein, or a C-terminal
domain nucleocapsid protein and a receptor binding domain (RBD) of a spike protein from at
least one type B-coronavirus that specifically binds to at least one type of anti-SARS-CoV-2
antibody and at least one type of second specific binding partner comprising at least one
detectable label;

at least one device for detecting the at least one label from the complex, wherein the
amount of signal from the label indicates the presence or amount of anti-SARS-CoV-2 antihody
in the sample; and

a means for assigning a differentiative rating mdicating whether the subject is Iikely to
have yomunity from infection from SARS-CoV-2 based on the presence or amount of at least
one type of anti-SARS-CoV-2 antibody detected in the sample.

98, The system of claim 97, wherein the ditferentiative rating 1s a color and/or
number rating,

99 The systemn of claim 98, wherein the color and/or number rating 15 displaved on g
mobile device through a mobile application.

100, The system of any of claims 97-99, wherein the variant:

a} 18 of the C-terminal domain of a nucleocapsid protein having one or more
substitutions, deletions or a substitution and deletion at positions 210-419 of SEQ ID NO:2
comprising: {1) replacing serine with phenylalanine at amino acid posttion 235 (8235F}, (2}

replacing methionine with isoleucine at amino acid position 234 (M2341); (3) replacing lysine
340
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with asparagine at amino acid position 373 (K373N); (4} replacing aspartic acid with tyrosine at
amino acid position 377 (D377Y); (5) replacing alanine with threonine at amino acid position
376 {A376TY), or (6) any combinations of (1}-(5), either alone or combined with any other
substitutions and/or deletions in amino acids 210-419 of SEQ 1D NO:2 other than those recited
in (1}-(5);

b} is the RBD of a spike protein having one or more substitutions, deletions or a
substitution and deletion at positions 319-342 of SEQ 1D NG:15 comprising (1) replacing lysine
with asparagine at amino acid position 417 (K417N); (2) replacing lysine with threonine at
amino acid position 417 (K4177); (3) replacing leucine with arginine at amino acid position 452
{1.452R); {4) replacing serine with asparagine at amino acid position 477 ($477N); (5) replacing
glutamic acid with lysine at aming acid position 484 {E484K); (6} replacing asparagine with
tyrosine at amino acid position 501 (N301Y); or (7) any combinations of {1}-(6), etther alone or
combined with any other substitutions and/or deletions in amino acids 319-342 of SEQ 1D
NO:15 other than those recited in (1}-(6); or

¢} comprises any combination of a) and b).

101, The system of any of claims 97-100, wherein the device for detecting the label
from the complex 18 automated or semi~automated.

162, The system of ¢laim 101, wherein the device for detecting the label from the
complex s semi-automated and comprises uploading the differentiative rating using a bar code.

103, The system of any of claims 97-102, wherein the at least one type of anti-SARS-
CoV-2 antibody 1s an anti-SARS-CoV-2 1gG antibody, an anti-SARS-CoV-2 IgM antibody, or
any combination thereof.

104, The system of any of claims 97-103, wherein the at least one type of second
specific binding partuer is an anti-species [gG (e.g., anti-human-IgG IgG) antibody, an anti-
species IgM {e.g., anti-human-IgM 1gG) antibody, or an anti-species [g(s {e.g., anti-human-igG
1o(3} antibody, and anti-species IgM {e.g., anti-human-IgM Ig(3) antibody.

105, The system of any of claims 97-104, wherein the at least one type of first specific
binding partner 1s a receptor binding domain (RBD) of a spike protein or variant thereof that has

an amino acid sequence of amino acids 319 to 542 of SEGQ ID NO:15 or SEQ 1D NO:17.
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106.  The system of any of claims 97-105, wherein the at least one type of first specific
binding partner binds to (a) an anti-SARS-CoV-2 {gG antibody, {(b) an anti-SARS-CoV-2 IgM

antibody, or {c} combinations of {a) and (b).



