-1 PO NT OF CARE TEST FOR THE DETECTI ON OF EXPOSURE OR | MMUNI TY TO DENGUE
VIRUS FIELD 5 [0001] The present invention relates generally to the field
of diagnostic assays. Mdre particularly, the present invention provides a
point of care test (POCT) to detect for recent exposure of a subject to a
dengue virus or an immunologically related virus or to a dengue Vvirus
vacci ne: Point of care (POC) diagnostic and sero-evaluation kits for dengue
virus or 10 dengue virus-specific antibodies also formpart of the present
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acknow edgnent or any form of suggestion that this prior art forns part of
the common general know edge in any country. 20 [0004] Dengue fever is one
of the noff Pﬂgvalent nosqui t o- borne di seases in humans. The disease is
best controllTed by regular routine reduction activities of the nosquito,
Aedes saegypti. Dengue virus control requires pronpt response to viral
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(Kumar sany et al, Tirol Methods 40:75-79, 2007). [0005] Unfortunately,

all these techniques require nore than one platformand are not -2

BACKGROUND

[0002] Bibliographic details of the publications referred to by author in this specification
15 are collected alphabetically at the end of the description.

[0003] Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common
general knowledge in any country.

20
[0004] Dengue fever is one of the most prevalent mosquito-borne diseases in humans. The
disease is best controlled by regular routine reduction activities of the mosquito, dedes
aegypti. Dengue virus control requires prompt response to viral infection clusters and early
and reliable diagnosis of dengue infection or exposure is critical to this effort, which aims

25  to halt the dengue virus transmission. There has been good progress in recent years in the
development of dengue diagnostic tools, resulting in the availability of suitable tests for
cach stage of the disease. In addition to anti-dengue virus IgM/IgG antibody assays and
real time RT-PCR, the recent development of NS1 antigen detection in the ELISA and
rapid lateral flow platform had offered clinical laboratories a promising tool for early

30 diagnosis (Kumarsamy ef al, J Virol Methods 40:75-79, 2007).

[0005] Unfortunately, all these techniques require more than one platform and are not



sensitive enough to detect the majority of dengue cases. This is because
none of these techniques covers two diagnostic w ndows [antigen/virus
(early stage) and antivirus signature nolecules (late stage)]. This
deficiency results in msdiagnoses of nany dengue patients. Furthernore,
this type of approach is expensive and-Aot readily available at all 5

| evel s of heath care systens. [0006] Dengue virus contains a
positive-stranded RNA of approximately | Ikb in length and is conposed of
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efficient nosquito vector of dengue virus, are not successful in countries
where dengue is endemc, the control of dengue will be possible only after
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infections with various dengue virus scrotypes is a major risk factor for dengue
hemorrhagic fever (DHF) and dengue shock syndrome (DSS) due to antibody-dependent
20 enhancement. Other factors which have been postulated to be important in the
pathogenesis of DHF include viral virulence, host genetic background, immune-cell
activation, the viral burden and auto-antibodies. As attempts to eradicate Aedes aegypti, the
most efficient mosquito vector of dengue virus, are not successful in countries where

dengue is endemic, the control of dengue will be possible only after an efficient vaccine

25 has been developed. At present, no effective dengue vaccine has achieved wide usage.

[0008] The laboratory diagnosis of dengue virus infection can be made by the detection of
specific virus, viral antigen, genomic sequence; and/or antibodies. At present, the three
basic methods used by most laboratories for the diagnosis of dengue virus infection are
30 viral isolation and characterization, detection of the genomic sequence by a nucleic acid
amplification technology assay and detection of dengue virus-specific antibodies. After the
onset of illness, the virus is found in serum or plasma, circulating blood cells, and selected

tissues, especially those of the immune system, for approximately 2 to 7 days, roughly



ti ssues, especially those of the inmune system for approximately 2 to 7
days, roughly -3- corresponding to the period of fever. [0009] Two patterns
of serol ogical response can be observed in patients with dengue virus
infection: primary and secondary antibody responses, depending on the

i munol ogi cal 5 status of the infected3rndividuals. A prinmary antibody
response i s seen in individuals who are not inmune to dengue or ot her
menber of dengue viruses. A secondary antibody response is seen in
IndIVIduqbﬁéﬂﬂ%@ﬁ%ﬁ@d%%kﬂ%dﬁﬁﬁﬁéﬂﬁ dengue or dengue virus infection. For
acut e- and conval escent-phase sera, serological detection of antibodies
based on capture inmunoglobulin M (1gM and 1gG enzyne-1inked
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Koraka et al, J. din. Mcrobiol. 41:4154-4159, 2003, recently reported on
the 25 deinéstipors eyical futthe pealysismddadeaspidmmiplagied rawiasal oflusesti dded
NS1 anti%%”ﬂ&ﬂﬂo %ﬂ%ﬁﬁ%ﬁ w th acute dengue virus infections and concl uded
that NS1 antige etection by dot blot inmmunoassay in both non-di ssoci ated
and dissoci ated serum and plasma sanples frompatients with primary and

secondary dengue virus infections results .in the high
y[OOlO] rogress toward the ({etectlon 0? antigen in acute-phasegse?uslgl samples by serology

has been slow due to the low sensitivity of the assay for patients with secondary infections,
as such patients have pre-existing virus-lgG antibody immunocomplexes. However, recent
studies that used ELISA and dot blot assays directed to the envelop membrane (E/M)
20 antigen (the denKEY kit; Globio Co., Beverly, Mass.) and the NS1 antigen demonstrated
that high concentrations of the E/M and NSI antigens in the forms of an immune complex
could be detected in the acute-phase sera of both patients with primary dengue virus
infections and patients with secondary dengue virus infections up to 9 days after the onset
of illness. Koraka et al, J. Clin. Microbiol. 41:4154-4159, 2003, recently reported on the
25 detection by a dot blot immunoassay of immune complex-dissociated NS1 antigen in
patients with acute dengue virus infections and concluded that NS1 antigen detection by
dot blot immunoassay in both non-dissociated and dissociated serum and plasma samples
from patients with primary and secondary dengue virus infections results in the highest
number of dengue antigen-positive patients compared with the numbers obtained by RT-
30 PCR and with the denKEY kit. The recent development of NSI protein based ELISA
showed high level of detection of dengue cases particularly during early stage of infection

but remained low sensitive during early convalescence (Blacksell et al., 2007).



nunber of dengue antigen-positive patients conpared with the nunbers
obtai ned by RT 30 PCR and with the denKEY kit. The recent devel opnent of
NS1 protein based ELI SA showed high | evel of detection of dengue cases
particularly during early stage of infection but remained | ow sensitive
during early conval escence (Bl acksell eft-al., 2007). -4- [0011] The
serol ogi cal diagnosis of dengue virus infection is rather conplicated for
the follow ng reasons: (i) patients may have multiple and sequenti al
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Traditionally, the H test was used to detect and differentiate primry
and secondary dengue virus infections due to its sinplicity, sensitivity,
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specific antibodies, including the hemagglutination inhibition (HI) test, the neutralization
test, the indirect immunofluorescent-antibody test, ELISA, complement fixation, dot

20 blotting, Western blotting, and the rapid immunochromatography test. Among these,
capture IgM and/or 1gG ELISA, antigen-coated indirect IgM and/or IgG ELISA, and the
HI test are the most commonly used serological techniques for the routine diagnosis of
dengue virus infections. Traditionally, the HI test was used to detect and differentiate
primary and secondary dengue virus infections due to its simplicity, sensitivity, and

25 reproducibility. Patients are classified as having secondary dengue virus infections when
the HI test titer in their sera is greater than or equal to 1:2,560 and are classified as having
primary dengue virus infection if the HI test titer is less than 1:2,560. The HI test has
recently become less popular and has gradually been replaced by the E/M-specific capture
IgM and IgG ELISA due to the inherent disadvantages of the HI test.

30
[0013] Many rapid test kits that use the principle of immunochromatography are

commercially available. Most of these kits can simultaneously detect IgM and IgG

antibodies to dengue virus in human whole blood, serum or plasma within 15 to 30



the H test titer in their serais greater than or equal to 1:2,560 and are
classified as having primary dengue virus infection if the H test titer
is less than 1:2,560. The H test has recently becone | ess popul ar and has
gradual |y been replaced by the Ef Mspecific capture 1gMand |1gG ELI SA due
to the inherent disadvantages of the Hr5test. 30 [0013] Many rapid test
kits that use the principle of imunochromatography are comercially

avai |l abl e. Most of these kits can sinultaneously detect IgMand |1gG

ant i bodi emifiResd 8B hdst kith BlaiiH TR iR PlossibIk @@ diff@itiare imalyasdRendhtyn 15
to 30 -5- mnutes. Sone of these kits claimthat it is possible to
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acute phdgseciafs inffapitalarilhe ddovsensi RiDV st is disghl pmeriatde, frasmubarBoduwrmgaut2% and
specificities from .69.1%to .100% (Bl ackpel | e al 06). 10.[.001 Ther e
T needPSt OLiTEriE b Gescaril vidih i 5B e %tS 6308 gad oo SHBP the

det ect i ong®{o 8306 B1cweHRE §£0B04)0 dengue virus to an acceptable |evel of
performance during both acute and ‘conval escent phases of infection and to

moni t &0 the efficacy of dengue virus imunity. 15 SUMVARY [0015] The

present i tion provides.a "paint of care.test" (P f or i a
Dby ect (S8R, At dof an ROt E 855 Gboin b orDar BT bt B e
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bi ndi ng pdHringebothrshter and yonvpleseant i hessedf) injgtien and t9paenifercthe gfficacy of
dengue virus immunity.
15

SUMMARY

[0015] The present invention provides a "point of care test" (POCT) for detecting a subject
who has had exposure to a dengue virus or immunological relative thereof or who has
20 achieved some level of immunity against a dengue virus antigen. The method is predicted
in part on the detection of a binding partner (generally IgA antibodies) which is specific for
a dengue virus or an immunological relative thereof. The POCT comprises contacting a
biological sample from the subject with a mixture of dengue virus specific immunogenic
components; and determining the presence of a complex that forms between a binding
25 partner (e.g. IgA antibodies) in the biological sample and a dengue virus specific
immunogenic component; and characterizing the binding partner in the complex with an
anti-binding partner antibody (e.g. anti-human IgA) conjugated with gold colloid using

reverse flow technology.

30 [0016] In an embodiment, the POCT relies on the identification of IgA antibodies specific

for a dengue virus or its immunological relative in the biological sample.



a dengue virus or an imunol ogical relative thereof. The POCT conpri ses
contacting a biological sanple fromthe subject wwth a m xture of dengue
virus specific imunogenic conponents; and determ ning the presence of a
conplex that fornms between a binding 25 partner (e.g. IgA antibodies) in

t he biol ogical sanple and a dengue virué-specific immunogenic conponent;
and characterizing the binding partner in the conplex with an anti-binding
partner antibody (e.g. anti-human I gA) conjugated with gold colloid using
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Accordingly, the POCT of the present invention shows greater specificity
and sensjtiVi conmpar ed her_ conventional. and nost currently used
Gengue. capb A foRRindg: i SR, oBrihG ey Mraver SaovT S pRI By 1B
that can QRGaL#Y canb¥rcl 48R oA M RANYarldemBst d@RhIPrRsagkRAApASE 1Hangue

virus or |nnuno*og|§al relatives thereof at an early stage of dengue
i nf ecl® orELISA hy parvidiog laeneversh ddivmanid, pletiernPGar card speciffdaby idantife autifcdyut e)

dengue virus . infection 15ﬁ£gpl%% I n_anot her aspect of. th resent
mvent orfethde) PEUPRL peda 20081Y P EUpgP B i B g ety
det ect i NGstgpensFIEhBudinf@tidHDineChartiOuldr ARGt HePOCT lidentitiel o@r&Rl(adved)at i ve
t hereof, the support conprising dengue virus specific inmunogenic
conponentdengieimsd infeglenon the support. In use, the solid support is used
in a nethod which conprises contacting a biological sanple fromthe
subject with a m xture of dengue virus specific 20 i rmunogeni ¢ conponents
or anij nmpoovgelni Mottt hspakest the peesent inveaionrthineiin grdvided psdrienpponfforause
conplex that _forns between a bindjng partner present in the biol ogical
P in a POCT for detecting exposure of a gubrj)ect to a deggue velrus or innnunoe)g?ca?gelatge
thereof, the support comprising dengue virus specific immunogenic components
immobilized on the support. In use, the solid support is used in a method which comprises
contacting a biological sample from the subject with a mixture of dengue virus specific
20 immunogenic components or an immunogenic equivalent thereof; determining the
presence of a complex that forms between a binding partner present in the biological
sample and a dengue virus specific immunogenic component; and optionally
characterizing the binding partner in the complex to correlate the binding partner to
exposure to the dengue virus.
25
[0020] In an embodiment, the biological sample is applied to a nitrocellulose membrane
previously loaded with dengue virus. Conveniently, the antigen or immunogenic
component is derived from dengue virus infected cells. The complex formed by an
immunogenic component of the dengue virus antigen and the binding partner then be

30 detected using a detection agent that contains a reporter group, wherein the detection agent

specifically binds to the component/binding partner complex.



sanpl e and a dengue virus specific inmunogeni c conponent; and optionally
characterizing the binding partner in the conplex to correlate the binding
partner to exposure to the dengue virus. 25 [0020] In an enbodi nent, the
bi ol ogi cal sanmple is applied to a nitrocellul ose nenbrane previously

| oaded with dengue virus. Conveniently;7the antigen or inmunogenic
conponent is derived fromdengue virus infected cells. The conpl ex forned
by an i mmunogeni c conponent of the dengue virus antigen and the binding
part ner t[hemmo?@pegﬁ&ﬁ%ﬁQhélﬁinaglgaaa@kﬁélei@,tlgﬁranagﬁ@aqtéémh a@@lﬁttialaﬂ%nﬁ-I%A
reporter group, wherein the detection agent specifically binds to the
conponentgntibadly.ng partner conplex. -7- [0021] Mre particularly, the

bi ndi ng partner is IgA and the detection agent is an anti-IgA antibody.

[ 0022] Yet another aspect of the present invention provides a POCT kit in a
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conj ugalto ad Wlf’ﬂ’gbc&i ﬁ%@?ﬁ%&é@gﬁgomfgxt‘ﬂﬁ &Pea FEP ML f‘pee\(igﬁ:slgmf‘%%emc

t echnol O%m;{o%&?]an%@ﬁaﬁﬁ@eﬁistrhm&@tfbp Rsiak SBe RKitOM Hemet MbnvEduRl binding
conponents of the P kit for use in the nethod of the present invention.
The pr esarttenothei compdess dn sarembodimeny, Wetbiadingpartegsdedsh g thaleaspestatiiey e
risk of an [ re_subject i t (e :
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[0023] The present invention also provides individual components of the POCT kit for use
in the method of the present invention. The present invention also serves as a method of
assessing the relative risk of one or more subjects being exposed to dengue virus or an
20 immunological relative thereof within a defined location (e.g. geographical area, housing
estate, means of transport or center for medical treatment or assessment), comprising;
obtaining samples from a representative population within a defined location; and
assessing evidence of exposure of individual members of a sample population to a dengue
virus or immunological relative thereof by the method comprising the steps of —contacting
25 a biological sample from the subject with a mixture of dengue virus specific immunogenic
components; and determining the presence of a complex that forms between a binding
partner in the biological sample and a dengue virus specific immunogenic component and
wherein the presence of the complex is indicative of exposure of the subject to a dengue
virus or equivalent thereof; and assessing the relative risk of exposure within the defined
30 location by characterizing the binding partner in the complex. In an embodiment, the

binding partner is TgA.



estate, neans of transport or center for nedical treatnent or assessnent),
conprising; obtaining sanples froma representative population within a
defined |l ocation; and assessing evidence of exposure of individual nenbers
of a sanple population to a dengue virus or inmmunological relative thereof
by the method conprising the steps of =8ontacting 25 a biol ogi cal sanple
fromthe subject with a m xture of dengue virus specific inmmunogenic
conponents; and determ ning the presence of a conplex that forns between a
bi ndi ng  [pe24]MRiKk i dhalydR Riap|ROtERIucRANRi s6fiwared@NgURmpuldiSreaddld fortn.

i rmunogeni ¢ conponent and wherein the presence of the conplex is

i ndi cat i Vieonsequsrsineepretent Hrvestion dether gelated dp gueompyter eadable rasyan ewd

t her eof ; S i.ng t leat i ' L t.hi def ined 30
| ocat i on By PR REEPLRAsARafIE ot kel SrBhurE HPATIEG: B Eilud et 0P
enbodi mentsk dfik@poduira6lf subjdenst gretp bBsubfphts to &-dch@ivitusRirdknnamnalogiiabrefmivebe
conduct ed using software in a conputer readable form Consequently, the
presen§ ithezsak i on further relates to a conput er readabl e program and
conput er conprising suitable for anal yzing exposure of subjects or group of
subjects or a risk of exposure of subject or group of subjects to a dengue
virus or [0f28]riticoppcsat imenton vefurthet deeaded td 0025k ofHgApmtibedies spaceint foon i s

further djrected to the .use oﬁ H%f ﬁibgﬂies sFecific for dengue virus or
an i mundic88FE a0 tafh VBRI JPlaf vy Ryt Of Audensie Yy grtigy or an
I MTunoge ke GRIFBAR eBipbAGH 8Rkred Mn temBRTHEaR JTLPOE TA0 AStedt fredebettent

current or recent 10 prior infection or exposure to dengue virus or an

i mrundd ogirpalinfee i dresposies wofenBR HRIDESCRMPTUNON gl Telgtive tBReS [ 0026] Sone
figures contain color representations or entities. Color photographs are

15 avail able fromthe Patentee upon request or froman appropriate Patent

Ofice. BRAEIMHESORIPPION OF PARFIEATRES 2 Patent Ofice. [0027]

Figure 1 shows the optim zation of dengue antigen on the reverse fl ow
platform (nitrocellul ose nenbrane) at different dilutions ranged from
0.223nmg/m _to 0.175mg/ M. 20 The antigen dilution_ at 0.185nmg/ mM showed

hi ghest |180%] Sams diedEssi eqntin . gp§r é%e%B%PB%Péoené’?e%ng R&% r &€i on.

(Ooti & zaL Lo 10k oHeMe YatRe 380 rétfleBorHRNR a8 S pfloPWate Patent Office. A fee may
be imposed if obtained from a Patent Office.

[0027] Figure 1 shows the optimization of dengue antigen on the reverse flow platform
(nitrocellulose membrane) at different dilutions ranged from 0.223mg/ml to 0.175mg/ml.
20  The antigen dilution at 0.185mg/ml showed highest level of intensity (1.35) and considered
as optimum concentration. (Optimization of dengue antigen using Reverse Flow

Technique).

[0028] Figure 2 shows the optimization of protein-L as control line on nitrocellulose

25 membrane with various concentrations ranging from 0.02mg/ml to 0.04mg/ml. The
concentration of protein-L 0.03mg/ml is considered as optimum dilution used for the
development of Den-IgA POCT. (Optimization of Protein-L (C-line) against anti-human
IgA gold-conjugate).

30 [0029] Figure 3 shows the optimization of optimal dilution (OD) of anti-human IgA gold
conjugate against protein-L. Gold-conjugate of various OD dilutions ranging from OD-6 to

OD-10 were used against protein L (0.03mg/ml) and OD-9 was found as an optimal



Techni que). [0028] Figure 2 shows the optim zation of protein-L as control
line on nitrocellulose 25 nenbrane with various concentrations rangi ng
fromO.02nmg/ M to 0.04ng/ M. The concentration of protein-L 0.03ng/m is
considered as optinmumdilution used for the devel opnment of Den-I1gA POCT.
(Optimization of Protein-L (C-line) agaPnst anti-human |gA

gol d-conjugate). 30 [0029] Figure 3 shows the optim zation of optinal
dilution (OD) of anti-human IgA gold conjugate against protein-L.

Gol d- conj ggalor £l %8 et he@AveiopichP 86 DeaIgAMDET O Batich o OODLOf wi-e
used against protein L (0.03ng/nl) and OD-9 was found as an optimal -9-

di | uti on Tandanukgddedle conjhgatdegangprelen-b(Ciaei gA POCT. (Optim zation of CD
of anti- human |1 gA gold conjugate against Protein-L (Cline)). [0030]
Figure-4 shows the optim zation of protein-L against viral antigen

(0. 185nm/ io30] Bigandt Qn&3seienbptihizptied ef Prdteines afains dzxmﬂ)tahﬁgxm (011 $Sergimi)of

intensity of T-line (1.35) and used as an optimal_ dilutiog ltglg
devel opnetnd Q)f)?’r[aéfﬁ'ﬂlﬁ,@fm Waoered oRMER 1B ferps of éWPPS“rYLHFQ]ﬁ 1P5A and

| d-
Compar at | JE0 g o ank dad DRr 8 QR of DRHER PRGN Oy FRAIMYRy ana

Den- Cap- | gM-Ekh&GABA Red-cbaiighoGEaidet @time Promire Lilengue positive cases
conpared to other dengue tests. (Conparative performance of Den-1gA POCT

agai nst Den-1gA, Cap-IgMand NS1 antigen ELI SAs). [0032] Figure 6 shows the
per for man 3ij d@s&i%&%‘é ddﬁ’iﬁﬁﬂltﬁ/@'p%ﬁgnﬂ\ﬁﬂ%%f@eﬁqux BOCTWeBhnst Dah-iya and
n

serum w t gue I gA positive serum sa pi ked sanpl es even
di | ut éd aDmiNSldAg ah{ drensGawigM rﬂiéﬁﬂlsv@en-é%tﬂ@ﬁ’g d(stﬁgtee)mﬁ)rﬁ doaguq ga*sltp@CT

(Perfor mance of Den pi ?ed WI o) I rom
dengue ?%SBVpﬁr&aatgl R)/tg%élfg 9es 8]6@31]& ll‘f? d) it Om?am%ogf/s ﬂt'%ﬂ ! %oiﬁr%sgr ative
performn&@lﬁi]}@ﬁn E%Iaﬁammsanugwﬁus&@ngue rapid tests (Dengue conbo
I gMand 1gG current avai lable in the market and Den-1gA POCT showed

hi ghest | evel of det ectl on of dengue positive cases (80.59% . (Conparative

Perfor rmnﬁ)%ﬁi?]f F%&' 15%0%'9 at'hQ spteri%hggﬁcedgfq %ﬁ—lgjka@@@%t ﬁﬁﬁg %Eﬁ@d Gt BMod
15 (W/B), saliva and serum with 25 dengue IgA positive serum samples. All spiked samples

even diluted at 1:3 dilution showed positive reactions (>0.5) in Den-IgA POCT.
(Performance of Den-IgA POCT using spiked with whole blood and saliva from dengue

antibody negative person).

20 [0033] Figure 7 shows the comparative performance of Den-IgA POCT against other
dengue rapid tests (Dengue combo IgM and IgG) currently available in the market and
Den-IgA POCT showed highest level of detection of dengue positive cases (80.59%).
(Comparative Performance of Den-IgA against other dengue diagnostics (Den-Cap IgM
ELISA, NS1 antigen ELISA, Uni-dipstick, Panbio Cassette, and Uni-check Cassetle)).

25
[0034] Figure 8 shows the kinetics of anti-dengue IgA produced at different point of
sample collection after onset of fever. The comparative performance of Den-igA POCT
with Den-NS1 Ag and Den-cap IgM ELISAs based on the day of illness. Den-IgA POCT
showed higher level of detection of dengue positive cases than Den-Cap IgM ELISA but

30 lower than Den-NS1 Ag ELISA. Den-NS1 Ag ELISA is considered to be test of carly
dengue diagnostics.



ELI SA, NSI antigen ELISA, Uni-dipstick, Panbio Cassette, and Uni-check
Cassette)). 25 [0034] Figure 8 shows the kinetics of anti-dengue |gA
produced at different point of sanple collection after onset of fever. The
conparati ve performance of Den-1gA POCT wth Den-NS 1 Ag and Den-cap | gM
ELI SAs based on the day of illness. DentdlgA POCT showed hi gher |evel of
detecti on of dengue positive cases than Den-Cap | gM ELI SA but 30 | ower than
Den-NS1 Ag ELI SA. Den-NSI Ag ELISA is considered to be test of early

dengue diﬁwgg%g'%@]) DE@CE&@I@ DESCRI PTI ON [ 0035] All scientific

citations, patent applications and manufacturer's technical
specifications referred to hereinafter are incorporated herein by reference
intheir entirety. 5 [0036] Throughout this specification, unless the

cont ext rl9835lr Al  ssidndiini dtationsh ealanise patesh gpplicaiions gpd yeanugcheeis KghnCals
"conprises” ar ''c LSkRNG ..\ . ] I : i 1si on of
2 oot ed SeesHiSETRLBL Bohergihdts iR SLERACh Dy 1Rk b Rl R o7 2
excl usfon of any other elenent or integer or group of elenments or integers.
10 [0037] It is to be understood that unless otherw se igtg‘i cated, the

subj ect i sk Thrrugkousdhis snemification cuilgisciie eonid Ay TupUigfee, the word
manuf act uej npt - e 1L« b ¢ + i

Vary. 1t T e R Y or TR By foehe e R  or

t he pur posglpthed@sitsiobiofig spaed clemear oreimegdi oegrosp ofiblpments drgntepers ibnt aeided

to be linmti né:l. 15 £0038 It1 nmust be not ed tha%,ias gssed in the subject
speci fi cafif SRR OLPRRIPEelgpeor infeger o grpup of GIENCHIsOTIREE T e pl ur al

aspectg unless the context clearly dictates otherwi se. Thus, for exanple,
reference to "a dengue virus" includes a single dengue virus, as well as
two or ni9037|dény ieby indesteod thet antent ethegvise mdagateds dlaiy subij et [ppaon isnefgl e
ant i body

vent ot FneEy SR graTerSRo R e ealoBh LRROSS Brord R onty <o
forth. like, as such may vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and is not intended to be limiting.
15
[0038] It must be noted that, as used in the subject specification, the singular forms "a",
"an" and "the" include plural aspects unless the context clearly dictates otherwise. Thus,
for example, reference to "a dengue virus" includes a single dengue virus, as well as two or
more dengue viruses; reference to "an antibody" includes a single antibody, as well as two

20 or more antibodies; reference to "the invention" includes a single or multiple aspects of an

invention; and so forth.

[0039] The present invention provides an assay to detect dengue virus infection or
exposure. The "assay” may also be referred to as a "method" or "protocol” and is a point of

25  care test or "POCT".

[0040] Reference to "dengue virus" includes an immunological relative thereof. The latter
term encompésses variants of one of the serotypes of dengue virus. An immunological
relative includes another genus within the Flaviviridae family or a species of Flavivirus.
30 Potential relatives include members of the mammalian tick-born virus group, the seabird
tick-born virus group, the mosquito-born virus group, the Kokobera virus group, the Ntaya
virus group, the Spondiveni virus group and the yellow fever virus group. Reference to

"dengue virus" includes any or all of the Denl, Den2, Den3 and Den4 serotypes as well as



[ 0039] The present invention provides an assay to detect dengue virus
infection or exposure. The "assay" may also be referred to as a "nethod"
or "protocol" and is a point of 25 care test or "POCT". [0040] Reference
to "dengue virus" includes an i munol ogi cal relative thereof. The latter
term enconpasses variants of one of thellserotypes of dengue virus. An

i munol ogi cal relative includes another genus within the Flaviviridae
famly or a species of Flavivirus. 30 Potential relatives include nenbers

of the meyp@hisaRerbd ReR@édte\tb Megpofi@t nclidee caeadtidrdecent pRobidlfdetivh hsis/clr oup,
t he nmosqui to-born virus group, the Kokobera virus_group, the Ntaya virus
group, t s spafretiormhich 3@.@ ngt krap faadicare sparditen. fegrs erpbedimenls igpPOCT

Ref er ence y - virus Jncl . : l . n3
and Dona kit SRR duither LOFRUHPE PR BEctthd: 1 Shoceli OE ol 003 o
i ncl udes ipimiiildgicd] theeentndhetest bhmptisanconsactieg la biatoghtrl isahekt from thei ch
does not |lead to a disease ¢ nﬁi tion.. I n one enbodi nent, the POCT screens

for a bi ntdifgt paith ner Metfery eue VHUS ieeidic LR S R i aé‘_d
dengue vi ét@nﬂﬁifl%'tgg}jur}neéteﬁaé %@'awﬁgﬁgfm@ﬂ%m&b&&%@ncaogﬁ{dﬁ@egm%%tiacakng a

bi ol ogi cal sanp e 5 subject wth a mxture of dengue virus
speci fi ¢ hinlvgivebenipde emhpderaynt yvirusmebcifdanenumogeng compopenésadobantteazognpl ex

that for etween a bj ndin rtner in.t i ol,ogi cal . s e and..a. dengue
e or b PR st CopREE o A 2 bO e fod e S VRA SaffriGnfi "
partner in the conplex with an anti-I1gA anti body conjugated with gold

colloid. 10 [0041] This nethod is specific for the identificatjion of dengue
vi r us1@pd@p41icThis méthed ipapeaiie fablthe ideatficatipnaob dengueuyias-wepidigi bindng t he
bi ndi ng partner is Thi s. met ho may_.be furi.her enhan -1h e of
imunoge s gomsisalsters Adetie Bled Ry S bGP RaRg, it fhute

speci fi ¢ thgPbe Aa@r @hRglcyd byhke LETNBGRMEetRNPaTPRDALSS fRy hBee been isolated
dengue-speci fic | gA i mmunogeni ¢ conponents. The use of | gA reactive
i Munoger#singl 8 depgsoniERY SPICHifd s s Aprordingly, dhie HNIMUBOgEHIC FYRPYIDISHBAY &€ i n

t he bi ol ogi ) i LWL G T i - Qr: | :

i nmunol og‘gggﬁé ?%ﬁ%{ﬁ \%emﬁovxé]\(/)g%rﬁc %@ﬁ@'ﬁ)ﬁ%ﬁ%dﬁ%‘&éﬁg?? %%r%gén%av% lg}%%loggmc
enpl oy#d. conidhits Aaalersdihn FIOCT epreifis foe dpA aintibbdiepirethe iolbgvaAntinple phehi des
a nmethod for detecting a 20 binding partner iln fa\.sub' ect that.is specific
for dengu&® \ﬁppﬂgct & Q%@gﬁ%dm&lén?fr jts jipgnunological ‘relative. However, other binding

partners may also be employed.

[0042] Accordingly, one aspect of the present invention provides a method for detecting a
20  binding partner in a subject that is specific for dengue virus the method comprising
contacting a biological sample from the subject with a mixture of dengue virus reactive
immunogenic components; and determining the presence of a complex that forms between
the binding partner in the biological sample and a dengue specific immunogenic
component; and characterizing the binding partner in the complex with an antibody

25 specific for the binding partner conjugated with gold colloid.

[0043] In another embodiment, the present invention provides a method for detecting IgA
in a subject that is specific for dengue virus thereof said method comprising contacting a
biological sample from the subject with a mixture of dengue virus reactive immunogenic

30 components; and determining the presence of a complex that forms between a binding
partner in the biological sample and a dengue specific immunogenic component; and
characterizing the binding partner in the complex with an anti-IgA antibody conjugated
with gold colleid.



contacting a biological sanple fromthe subject with a m xture of dengue
virus reactive inmunogenic conponents; and determ ning the presence of a
conpl ex that forns between the binding partner in the biological sanple
and a dengue specific i nmunogeni c conponent; and characterizing the

bi ndi ng partner in the conplex with am Zmtibody 25 specific for the

bi ndi ng partner conjugated with gold colloid. [0043] In another enbodi nent,
the present invention provides a nmethod for detecting IgA in a subject
that is specific for dengue virus thereof said nmethod conprising contacting
a biological sample fromthe subject with a m xture_of dengue virUﬁgw

reacti ve OffdinBgRArEhesorspetip HifeRiSsent dRYCRICD Y PR G ]fﬂ_QTp?%’_g%ﬁ%‘@f%?f
conpl ex tt@éﬁni(ifl [ 155 dPRES &ﬁs@e%‘i"‘a%b%e@?&;t D8Engud ViRe o?'iﬁk&ﬂb&chaﬁﬁeimi g and
I I t; an g e bindin

a dengue spec C I nmunogeni ¢ conpone tharacterizin g
part ner ithefebf thzompther aintpristny amtthcting/la aitlogicdysaoply digat dde swbijedt wgioh d

colloid. -12- [QQ044] In a furfher aspect, the present i.nveniion provi.des a
POCT W81 iR SEOS SBETY U R ORI BT Ry e b eghe BESTSPLE Lo a
dengue Vil tHah TR e &ala Hh]g?diﬁg p¥@nertif efe@ibiotal SRifednd @ MRALRI Vs

contacting a biological sanple fromthe subject With a5 m xture of dengue
vi rus spepetific immumgeyanicempompbndwatasterigatgeihaibiridiag parénep e deneanpléx;;and

conpl ex that. for bet ween _a hi ndin artner in_the biological sanple and a
dengue. viisiai@s Ry PRtioE e R gR ArE BB R S P er i 2ing t he bl ndi ng
partner in the conplex; and correlating the binding partner to exposure to
t he dengue virus. 10 H0045] In a particular enbodi ment, the binding partner
i s | g [1604%9] nfsarsetécularenbodinentctip hindagoraetner 8H8Apr esent i nventi on
provides a POCT reverse flow rapid test for dengue reactive IgA which in
one particul ar enbodi nent, uses serumwith the aimto use saliva from
dengue i nbesélederral inenpardisulbheaspot) tlagpresdnt saveptien pHaddesa BOGTaknasd Bowi gh

| evel s of 1gA (19.9ng/ 100m ) conpared.to 1gG and Ig 1. 4mg/ 100mM and
0. 2ng/ 100#PIdr g feE fif’li‘/é’élleﬁ?“jtflfﬁég{*e‘@f‘ﬂﬁg duens W&wugr mf%%}r%% u$sh SpEPT dithance
in terms f if8f @elhith Aok deﬂgﬁtgﬂﬁfe&t Ahi RAFL 8R1520M 35Bflel SaifARoHGLRCT I ON

of dengue-specific antibodie sing ELI SA techni ques. The POCT of the
presehi imglertvan dfs Igonfi&tdnd/e00nol) dinagames tto ckgGatantlhigNr (Indmyg/1heal tdndcar e

evel medfm%'@&%}l lr%{aecatgglyl):iﬁp\tegﬁﬁage (sjheon e high level of performance in terms of
detecting anti-dengue IgA antibodies compared to the detection of dengue-specific
antibodies using ELISA techniques. The POCT of the present invention is compatible to
diagnostics at the primary health care level where molecular and ELISA based dengue

20 diagnostic assays are not feasible.

[0047] The POCT is rapid (approximately 10-20 minutes, average time 15 minutes), low
cost and straightforward without needing laboratory facilities and special technical
expertise to determine present or prior recent exposure to dengue virus. In accordance with
25 the present invention, the subjects including animals such as mammals and in particular
humans are screened for the presence of binding partners and in particular IgA to dengue
or an immunological relative thereof using reverse flow technology. The binding partners
are generally subject-derived binding partners such as, but not limited to,
immunointeractive molecules. The most useful immuno-interactive molecules are
30 antibodies particularly IgA. The identification of such binding partners is then used as
evidence of present or prior recent exposure of the subject to dengue virus or an

immunological relative thereof.



20 di agnostic assays are not feasible. [0047] The POCT is rapid

(approxi mately 10-20 m nutes, average tine 15 mnutes), |low cost and
straightforward without needing | aboratory facilities and special technical
expertise to determ ne present or prior recent exposure to dengue virus. In
accordance with 25 the present inventioi,-the subjects including animals
such as mammal s and in particular hunmans are screened for the presence of
bi nding partners and in particular IgA to dengue or an imunol ogi cal

rel ative [0besjeDic pRbaig iheeios &pblitvallye ik agyersel lowbictithing:, paickd desguear e
general |y subject-derived binding partners such as, but not |imted to,

i mrunoi nt EFECAITgRN HoPswgH €% loaned onfes theydlgpad luoserii 2P vrias &8 Ten @ ens Pl es
are 30 ant,i bgdi Lol arlay | [ LA i,00 ; C i.odi

par t ner o 2 fianne BRASUEH blts offhe ihfec BERLLA | P AR LA THETHOSEEIRE oy

t he subj emimpilex dehgeredstectad byr aminlgA rantibedyogomjagated vathi geldt patidof andlthe

[ 0048] . The present Jjnvention specificgcal utilizes reyerse flow techni que,
Wher e Sler§HIIHR fIPRHT et 308 ISP f ol iSO RPG IR i POEkOT GF5ae
for capt yporg tefindengue reactive 1gA fromthe biological sanples of the
subj ect exposed to0 dengue infection. The resultant conplex is |ater
detected by anti-IgA anti body conjugated with gold particle and the 5

techni qu e useful at any level of hegalth care system whi.ch is.called
it o Tafi#s) RSarRRe, o e GSroto. OFG drstes RS L AR et
shows gr SR thdr\bohVerdibHalSig Ghddt ClitryntyC R ahgbdyndtMAdbert trb qnal
and nnstaﬁﬁgﬁéntl uéed é%tib%dy and antflgﬁ capture%%%% 1 e(%ﬁ%?gn%

AAC- ELY SANA G \and r A G As) plyanpviding hadat thae sen fdengift pwidpdyprroduredd

agai nst den Vi . ' - ' of... at y_stage
of “the i HeagyFusheby il ofth LR, PO Rt bRt B e or e fBANT T
i nvent i ormypreosséeliswaedmepief i ¢, rapid and econom cal POCT 15 using dengue
virus antigen, such as dengue envel ope protein i munogeni c conponents of
the virus, which permt the specific detection of dengue virus binding
partners : i . ; | ood,
serum pl [gg , "ﬁ;;egﬁl I %é t ﬁ%ﬁéﬁgrrl%ﬁlgé %Z&H??Sueip ?u‘%éa?ﬁfih g%%% ?@Eﬁ?ﬁgﬁggg@at
room tenpeimt dingud RT)s adtigen ssugh @ deguicemt clbpe hmitgju émfnmnogenic components of

the virus, which permit the specific detection of dengue virus binding partners such as IgA
that may be present in the test samples (whole blood, serum, plasma, saliva, urine or tissue
fluid). The test is conducted at room temperature (RT). It is a convenient technique for
specific antibody detection. The POCT utilizes reverse flow platform in a cassette format
20 and anti-IgA antibodies conjugated with gold for the detection of anti-dengue virus IgA
from saliva, whole blood, serum, plasma, urine or tissue fluid. Furthermore, the POCT is

used for testing a single sample with high sensitivity.

[0051] As indicated above, the term "dengue virus" as used hercin refers to all dengue
25 serotypes (Den-1, Den-2, Den-3 and Den-4) associated with a dengue infection or
symptoms of dengue infection. The present invention is applicable to detecting dengue
virus infection or exposure in any subjects including human, non-human animals and
laboratory animals. Human subjects, however, are the most useful subjects in accordance
with the present invention. Notwithstanding, the present invention includes any subject that
30 can respond to an infection or immunization by the dengue virus or an immunological

relative thereof.

[0052] However, the term "infection" includes exposure to dengue virus but without



specific anti body detection. The POCT utilizes reverse flow platformin a
cassette format 20 and anti-IgA antibodies conjugated with gold for the
detection of anti-dengue virus IgA fromsaliva, whole blood, serum

pl asma, urine or tissue fluid. Furthernore, the POCT is wused for testing a
single sanple with high sensitivity. [0b451] As indicated above, the term
"dengue virus" as used herein refers to all dengue 25 serotypes (Den-1,
Den-2, Den-3 and Den-4) associated with a dengue infection or synptons of
dengue i nh@etsadly cdingdesawrt synmvemsi he i sxpappt imablBotle dethee tforng ofeamgue
virus infecti.on or exposure in any subjects including human, non-human

ani mal s afWPerPYBEL ¥ P ani mal s. Human subj ects, however, are the nost
useful subjects in accordance wth the present invention. Notw thstanding,
the present invention includes any subject that 30 can respond to an

i nf ect i on[09F3] Andenguavirenisbigfindrbadde pypue of IRNA homaa rvifuswomrsddtiogiod hvelpgddat | ve

th . [ 0052 - the t "infection” includes.
Ui ue” But P ERbof R T0-50uadn Emer, BheTii Hnob SR Rshe kS butan o
may al so Be g ey mlamg%fhﬁz@ﬁewgog DSH) AMaMAS GirltR: cdnSeR aﬁnd%ﬁﬂ&%é@né@ rus

is defined as a group of wuman virus consisting of envel oped
particl esRbA goome qulGonbyian isirashic eucleerpsidi ThE ggeotoerenoslespsingld opevel vy

11kb (Stol |l ar - Hvg : - r
vition conefbedtaphe galila0lS RulEdiddRedil Sr b NS St ke B LB
nucl eocap¥iethbrailteand N Gi®ele P e sefers htrgbttuddRan(N$ €W 2a0aridr M8y, SR RHa
11000 nucl eotides, coding for the three structural (C Capsid, M Menbrane
and E—lﬁnv@d&ﬁ%‘}bnm)é’E‘v@ﬁs-non-structural (NS I, NS2a and NS2b, NS3, NS4a
10 and NS4b, NS5) proteins. [0054] Dengue virus is transmtted to hunmans
t hrough the bites of infected femal e Aedes nosquitoes, principally the
Aedes aeghisd] Desguei tinis i Iassmisted ts trainlans tiirawcdh i ditekh bf emfectéd fdnhale dedes

domest 1 caLed, e SAMIEALD Lhat prelers Lo hov,! 15, 280%.4D AL LfLg!
buckets, fibpMeIorNAGEHcARY th‘ﬁfosqll’i@)t flat ﬁfb‘i‘ér@it@%ﬁ its EE@S aOMIPIMbineRs are
rarely noticéd outside; tﬁey usual ly rest in dark indoor sites, are
unobt Afisi fpendinl apd efcand thonfes dlaht amashibetd veater sughiasdiuskeds rifaveer tvasesciayd dtherht
water containers. The adult mosquitoes are rarely noticed outside; they usually rest in dark
indoor sites, are unobtrusive and prefer to feed on humans or animals during the day light
hours, with most biting activity occurring in the early morning or late afternoon. The
female mosquitoes are nervous feeders, disrupting the feeding process at the slightest
20 movement of the host, thus returning to the same or different host to continue feeding.
Because of this behavior the mosquito often feeds on several persons during a single blood
meal and if infective may transmit the virus to multiple persons (Platt et al, Am J Trop Med
Hyg. 57(2):119-25, 1997; Scott et al, am J Trop Med Hyg. 57(2):235-239, 1997). Such
behavior has been used to explain the epidermological observation that dengue diseases
25 occur mainly in children although in certain places, like Singapore, this may have changed

due to adaptation to vector control measures {Ooi et al, Lancet, 357(9257):685-686, 2001).

[0055] Following the bite of an infective female mosquito, the virus undergoes an intrinsic
incubation period of 3 to 12 days (average 4 to 7 days) after which the person may
30 experience acute onset of fever accompanied by other non-specific signs and symptoms.
During this viraemic period (which may be between 2 to 7 days) the virus circulates in the
blood of infected humans. If an uninfected dedes mosquito feeds on the host during this

viraemic period, this mosquito will become infected after an obligatory extrinsic



hours, with nost biting activity occurring in the early norning or |late
afternoon. The fenale nosquitoes are nervous feeders, disrupting the
feedi ng process at the slightest 20 novenent of the host, thus returning to
the sane or different host to continue feeding. Because of this behavior
the nosquito often feeds on several peTE%hs during a single blood neal and
if infective may transmt the virus to nmultiple persons (Platt et al, AmJ
Trop Med Hyg. 57(2):119-25, 1997; Scott et al, amJ Trop Med Hyg.

57(2): 235m2&93,ti0ﬂ13:@ﬁ))d oSubho 1Behavilowonbksubeamenidye te hibleex pﬂaai;mittt]mevirus to

epi der nol ogi cal rvation that den ue di seases 25 qccur.

chi | dren ‘étg‘?fhtﬁtt}a oief] hosise [ Frip raessusslpy yele; ngaasrage themain agp réwgqeﬁasnged
due to adgph@d { i 51910\1’1%};Tsﬁt'ﬂm%%ﬁ&%‘%hat”fﬁ@ﬁ&ﬁ@%ar( 6Bt infdtcland S serve as a
357(9257) : 685- 686, 200 005 Follow ng the bite of an infective fenale
nosqui t o, mtmE(ﬁhnmﬁﬁﬂmunr@oﬁﬁ\mWSJntr|n5|c i ncubation period of 3 to 12
days (gverage 4 to 7 days) after which the person may 30 experience acute
onset of fever acconpani ed by ot her non-specific signs and synptons.

Duri ng t hjoasyj DagslieCviRRl ihRdtionvRineRs rxes%,eam@%tfms 2n 1hemAnsé a¥sehat ﬂ/tHeUS
circulates in the blood of infected humans. |f an uninfected Ae )
mosqui t o MEsHse UL Hee brst's aghandigimayriodogical pa@dﬁlen%armmesmlhtmasmmmt@ wil
becone in I r ~ ' 0, f 10
o 12 daydfets ] ioff af nbi el Ehr e s il SHRBAGR0 BRELRE, 7

uni nf ect e@®H)P3b Sdenkstie thenforibagias foves (DM ahé, thouwmmas aid fithke deﬁgufe shock
anpligélng hosts _for the virus aIthou%h st udi es show t hat naneys can get

i nfect@d SREroFs RAPS) §Wopld Health Crsaiielion. Aepend negresiraior< e AAsaYS,
[ 0056] Dep %e}\{lx ﬁ%e;’ftEUnec%z‘c%ﬂerP%@eéi qgﬁp)ect rumof illness in humans

dependi ng on the ecting virus, tHe host's age and i nmunol ogi cal
conditions. It may result in asynptomatic illness or ranges from an

F o denguel e Ao 5o e e ORER o S SAVRTE Ghdhs SEQRe bR Bk 10
syndrome (D93 (MGelask fRleteOopaiica émhlcﬁ%@éliéeﬂlhﬁﬁl@ﬁ&é‘ﬁ@'af‘e ERMRIbFed

di agnosi s, treatnent, prevention and control, 2"d ed., 1997). [0057] The
WOrIdlibdbﬁﬁll$%anlzatlon has set up standards for the gradi ng of the
severity of DHF. There are four grades of severity of which grade Il and
grade |V are considered

[0058] Grade I: Fever with non-specific constitutional symptoms, and the only

haemorrhagic manifestation is a positive tourniquet test and or easy bruising.

20 [0059] Grade II: In addition to the manifestation in grade I one spontaneous bleeding in

the forms of skin or other haemorrhages.

[0060] Grade 1II: Circulatory failure manifested by a rapid weak pulse, narrowing of pulse
pressure or hypotension with the presence of cold, clammy skin and restlessness.

25
[0061] Grade IV: Profound shock with undetectable blood pressure or pulse (WHO, 1997).

[0062] Classical DF is more common in older children, adolescents and adults, and they
are less likely to be asymptomatic. The fever is abrupt in its onset with high fever,
30 headache, incapacitating myalgias and arthralgias, nausea vomiting and macular or
maculopapular rash. The fever usually lasts for 5-7 days and sometimes can follow a

biphasic course (Saddle back appearance).




15 to be DSS. [0058] Grade |: Fever with non-specific constitutional
synptons, and the only haenorrhagic nmanifestation is a positive tourniquet

test and or easy bruising. 20 [0059] G ade Il: In addition to the
mani festation in grade | one spontaneous bleeding in the fornms of skin or
ot her haenorrhages. [0060] G ade II1: -dibrcul at ory failure manifested by a

rapi d weak pul se, narrow ng of pulse pressure or hypotension wth the
presence of cold, clamry skin and restl essness. 25 [0061] G ade |V:
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[0062] C assical DF is re co n in older children, adql escents and
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N 1US Ok SHIHE I nb BYRS of {9 VERAAEN Rhch MARAGLLAE BUcIBIA! i A
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of DHF is at the tine of defervescence, whén the tenperature becones
nor mal . TFyewptores glust acpasitevet toanigest etesti e helpfud efpe rdceyratsf diapeosiy londadFat

the tine I | egk due. 5-t0 .t increased vascul ar perneability
and abnor@glaﬁo@@b%l Eofbé‘%gﬁ@" g?ﬁ%?‘@gh@@ heror r hagi ¢ mani festations |ike

pet echi ae, purpuric |esions, and ecchynoses. These synptons plus a
positive tourni&get test are hel pful for accurate diagnosis of DHF
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to 0.2% once shock sets in the nortality rate can be over
15 DSS to 0.2% but once shock sets in the mortality rate can be over 40%.

[0065] The E-protein, the largest and the only structural protein exposed on the surface of
the virus, is the major protein involved in immunological reactions such as receptor
binding, haemmagglutination and necutralization. Infection in humans by one of the
20 serotypes provides life long immunity to that serotype but only temporary profection

against other serotypes.

[0066] The nucleoplasmid is in turn surrounded by lipid containing the envelope and
membrane proteins. In addition to envelope and capsid proteins, dengue virus has seven

25 non-structural proteins NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5.

[0067] As indicated above, the term "immunological relative" as used herein and applied
to the dengue virus is intended to include similar molecules that can elicit the same or
similar response that the dengue virus or a structural or non-structural protein of the
30 dengue virus could elicit. For instance, various antigens expressed by the dengue virus at
various stages of infection or various virus particles or fragments may cause similar effects
that the whole virus causes. The response may be an immunological response {(non-clinical

response) or it may be an infectious response (clinical response) or due to vaccination.




[ 0065] The E-protein, the largest and the only structural protein exposed
on the surface of the virus, is the major protein involved in

i mrunol ogi cal reactions such as receptor binding, haemmaggl utination and
neutralization. Infection in humans by one of the 20 serotypes provides
life long immunity to that serotype butr%hly tenporary protection against
ot her serotypes. [0066] The nucleoplasmd is in turn surrounded by lipid
cont ai ning the envel ope and nenbrane proteins. In addition to envel ope and
capsid proteins, dengue virus has seven 25 non-structural proteins NSI,
NS2a, NS2 3, NS4a, NS4h and NSS. [0067] As indicate ove, the term
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response that the dengue virus or a structural or non-structural protein of
the 30 deviguerwanimsnunoldgicabtdlativie. thétoof. Geseraly.ghe expasoresis amfficipah® dicprasssed
by the_denque virys at various,stages of .infectiqn ar various Virus

par i P s TPURS SACHER & TSRPS0 o s 46 e = Hindipe PRUNGTHB réPOPTeLS
causes. Tie deRAROARA MIMIRBoRBichMHERBE A @dhe ERFRDASOPORAN tH hBh6@bf the

response) or it nmay be an infectious response (clinical_ response) or due to
vacci nat | pesent inventron (nopée]apphied pir aweriags ofvposun ab desepbed sbmice Geoerally,

det ect | "9ng thARod T LQ4t e gn SBostird Whetld 13t ade MY Eﬁgk?gh& %gmh%h?st i€ are

t her eof . posSure nay be présent or prior exposure to e dengue "ViIrus or

an i Mmunodteéhsalf ardhatd vieud gscfioh. TKEPOCAl Heysin leRcBXRPSUEECT the SUbjBEtGitant to
elicit an 5 imune reaction or response in the body so as to induce a
bi ndi by pAliessef depgucewipgnidedtion at e ealyguaits Phass T9F speavdaryl wiiclian arrateeof .

Once the SUBLEGknkS Sﬁg?%%%qg‘s’%“?i *‘g?ts%%%c‘?.}ﬁte %ee%lﬁ(fﬁéﬁ%e}eey ff{&; %h%n%rﬁgélr%gteh od

applied at ‘any stage exp above. Genera
i s used tinfcdtiteot vaxmpatomn. el hstoapesurd erag nat @wags siagifest ang dengup tvines irtfeatonar e

obvi ous of a qEngue virus infection, The POCT herein de ectﬁ@e Rosure of
t he subj e¥tIORADIGSIERS YHyMPiops B%Wéﬂ GRS TEFRODEE PO Qrngyee P@ &AM Hhase

for secor(@_@j _YgA)UfrﬁgHsgéhs‘éris bﬁ%i@ulaﬁ?ﬂﬂﬁhﬁ%ﬁ@l@@feaﬁ’e@;%s&f exposure to dengue
virus or equivalent thereof for the primary “infection or vaccination. The

exposl¥e may not always nmanifest in a dengue virus infection or notable

FS)Ia?tn f] e?r ﬁ%&ﬁit PP it ijéctlr}laj\zl\ﬁh!a\lre 5oy gxp%sgf W %gﬁgeues%rgss b{[ltonée%drlfo esh%wb!\fﬂ‘.gélng
symptoms of the infection. The present method detects exposure that may lead to infection

or may indicate prior exposure with no symptoms manifested.

20 {0070] An "tmmune response” or "immunological response” is understood to be a selective
response mounted by the immune system of vertebrates in which specific antibodies or
fragments of antibodies and/or cytotoxic cells are produced against invading pathogens and

antigens which are recognized as foreign in the body.

25 [0071] The binding partner is any molecule or cell that is produced against the foreign
dengue virus or immunological relative thereof. The binding partner is generally an
antibody or immunologically active fragment thereof, or a cytotoxic cell. The binding
partner includes an immuno-interactive molecule that can interact with dengue virus
antigen or equivalent and is most particularly an [gA molecule.

30
[0072] As indicated herein, the binding partner is generally an immuno-interactive
molecule, which refers to any molecule comprising an antigen binding portion or a

derivative thereof. Particularly, the immuno-interactive molecule is an antibody against



(e.g. 1gA). The response is particularly an immunol ogi cal response. 15

[ 0069] The subject may have been exposed to dengue virus but need not show
visual synptons of the infection. The present method detects exposure that
may lead to infection or may indicate prior exposure with no synptons

mani fested. 20 [0070] An "i mrune respoﬁg%" or "inmunol ogi cal response” is
understood to be a selective response nounted by the i nmune system of
vertebrates in which specific antibodies or fragnments of antibodi es and/ or
cyt ot oxi camebbsioar & peradcathsap@taitd of RyAcHAAghpRLA QgedMeced ndliringni il@evsalwhi ch
are recogni zed as_foreign in the hody. 25 [0071] The binding partner is any
nol ecul e 5FPQase It the spbipd of aslgnsusdv gl anisstion HeeXpesBF-gn  dengue virus or

i mrunol ogi cal relative thereof. The binding partner is generally an

anti body or imunol ogically active fragnment thereof, or a cytotoxic cell.
The bi ndi [0§73]paAs timBeated dbredes: particnau bmdingt paraet iiv an rmatibodyl erddhedd tathe
interact with dengue vir.us an{i en _or equivalﬁgt and ithDSt partifﬁgarly
an | g&° mofPREST B 2 3EngUS0751 Adiald vat e hererty Hewevay hainqyepparinsept |

gener al | yia@RtddmRa} HA) 86b ipéCuscADARCHaf1dMaF GlcH Qflﬁﬁcﬁn%%a?cﬂé& #olean-e
conprising an antigen bi'nding portion or derivative thereof.
Part i cul adiogypit hetibedyuan an mntbaedt speeifirofos culledis@ininatart obedybigaienisiody 18

any portion . fﬁden ue Virus rg@e'ns or epitqges t her eon produced during a
| nmror al stp3‘§1§8 Y FHSPRETEND) EA DR GBRGEE i rus i nfection or exposure.

[0073] As indicated herein, a particular binding partner is an anti body
produced in the 5 subject to a dengue virus or related virus conponents.
Howeve? , [B0PAInds mged heietieranofantindiotyrie gatibelyAnisi avoatihedy whish thedsutpethe An
exanpl e ¢ | pdi r i - 1diotyp] ntib [.an
ant 1 body “SsSitEnRep BRIG, SRLOMSland ARo0E} beneifbf W PRSP 4R, ¢
for a denguepovietitukrioed fremadadgudy ViFuSordpnmenedic rdftieQbdddf. As used herein,
an "anti-idiotypic antibody" is an antibody which binds to the specific
antigen binding site of another antibody generated in response to exposure

to a conpenfnis ddd N&din| HAMLBRIYRBHILYSr ChntHHIHRCI QG fdhe GHAL b dafer eof
15 and antibody fragments containing functional portions thereof. The term "antibody”
includes any monospecific or bispecific compound comprised of a sufficient portion of the
light chain variable region and/or the heavy chain variable region to effect binding to the
epitope to which the whole antibody has binding specificity. The fragments can include the
variable region of at least one heavy or light chain immunoglobulin polypeptide, and

20 include, but are not limited to, Fab fragments, F(ab') 2 fragments, and Fc fragments,

[0076] In a particular embodiment, the binding partner is an antibody and more
particularly is a dengue virus-specific IgA molecule or a dengue antigen-specific IgA
molecule.
25
[0077] The method of the present invention detects exposure to the dengue virus or
immunological relative thereof via the use of a biological sample obtained from a subject
having been potentially exposed to the virus. The biological sample may be any sample
from the body that may contain a binding partner. Such biological samples may be selected
30 from the group including blood, saliva, cord fluid, B cells, T-cells, plasma, serum, urine
and amniotic fluid. Conveniently, the biological sample is serum or plasma. Most

conveniently, the biological sample is serum or saliva.




[0075] As used herein, the terns "antibody" or "antibodi es" include the
entire antibody 15 and anti body fragnents contai ning functional portions
thereof. The term "anti body” includes any nonospecific or bispecific
conpound conprised of a sufficient portion of the |I|ight chain variable
regi on and/or the heavy chain variabl e ¥yion to effect binding to the

epi tope to which the whol e anti body has binding specificity. The fragnents
can include the wvariable region of at |east one heavy or |ight chain

i mrunogl o878 itpe higp aptiutl éat drobioRgidahedrgle belnbtaiacdeframt subjaetst edpdoted dfab

fragnents, F(ab') fragnents, .and Fc fragnents 076 n.a particylar
embodi menfxP W@‘ﬂbﬁ wwt%&ﬁpgcw WE‘BH?SQH% é@gw&w@ma\w Sis a
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nol ecul e. The net e present inven exposure to
t he dengueomrdgenstep tysauemnﬁmhctgnrcpared diloat wehold ergoi‘sm/maa shisset € iteftissues,

biolog cal .sanpl e obtained fr n1a subj ect _.having been potentially exposed
to the w?eﬁé T?W@p%‘?%‘FB %8 ﬁﬂ;ﬂ?neorrﬂé’yl%’ehﬁ’f‘??%sanpl e fromthe body that

may contain a binding partner. Such biol ogical sanples may be sel ected 30

fromthe group including blood, saliva, cord fluid, B cells, T-cells,
pl asma, sE0EH Itushpnld bfandtednﬂwfoa|tuolbg19aldsa1mdnvmmhbnlsp>be dﬂ@uhoélaogmdmg

sanple is_s =ru r S convenlent the b|o Q

sorum or “fel T4 o ARERs A hen ERUVER! B el R GL FBERE GRRET Tnis o
be obt ai negufs Gies Ukd @abjectSHE&PaSH Bébnofaxp(ﬁé(cp@@ WeBgie0 vﬂuﬂ%ﬂgalﬂlenﬂmmh@l()géd

bi ol ogi cal sanple may al so be nodified prior to use, such as é

cent r 19 ugalatiys, therephitHlenee "daigrminang ithee preagncsrafi # goyplex Blablf@}@ilsc PSS! e
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or gani sm or |'s or~conp onem
fraction @nm@mmnWanth@kbmtmnh@ﬁﬂehshmoﬁhmuddﬂhﬂtﬁmmeﬂthaabﬁmcboﬁbm@mgal

sanmpl e nl ht al so be \Y; artner that. can interact with
eﬂgue vi FgeEsy Ay qont Fﬁﬁxfﬁ g@lfheé 0“?“8 éﬁlfq\/ée gHE 2o SPEHLS ! 1&?:1 é8Rthe
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rel ative thereof Hence "determning the presence of a conplex that forns
bet weéh asaniplerdi ng partner in the biological sanple and a dengue virus
speci fi c i mmunogenic
[0080] Reference to a biological sample being placed in contact with a component, such as
an immunogenic component or its immunological relative thereof should be understood as
a reference to any method to facilitating the interaction of one or more immuno-interactive
20  molecules of the biological sample with a component of dengue antigen derived from
infection of cells with dengue virus or an immunological relative thereof. The interaction
should be such that coupling or binding or otherwise association between the immuno-
interactive molecule and a specific immunogenic component of dengue virus antigen

derived from cells infected with the dengue virus or an immunological relative thereof can

25 occur.

[0081] The biological sample is contacted with a mixture of dengue virus specific
immunogenic components preferably derived from cells infected with dengue virus or an
immunological relative thereof. The dengue virus provides viral immunogenic components
30 that may be provided by the dengue virus at any stage of its development. In the carly
convalescent stages of dengue virus infection, antibody, particularly IgA developed or
derived from previous dengue infection is one of the indications of either primary or

secondary dengue virus infection and this may be detected by the formation of a complex



conponent”™ may yield a zero result, as a conplex cannot formin the absence
of binding partners. A control may be perforned with dengue virus specific
i mrunol ogi cal agent such as a nonocl onal anti body designed to conpete with
bi nding partners in the biological 15 sanple. [0080] Reference to a

bi ol ogi cal sanple being placed in conta®-with a conmponent, such as an

i nmmunogeni ¢ conponent or its imunol ogical relative thereof should be
understood as a reference to any nethod to facilitating the interaction of
one or nob@weemuitcandntae dacguey @ird spetidiculimsuabgdnie dongloaghte glaranglye an th a

conponent. of dengue anti rived from infection of cells with dengue
virus or %Hn?ﬁﬁﬁﬁﬁﬁéﬁW@a aF@?ﬁFﬁW%mthereof. The interaction should be such

that coupling or binding or otherw se associ ation between the inmuno-
interactive nolecule and a specific i mMmunogeni c conponent of dengue virus
antigen [#882vRanguconrsehfestadnicec ells miat thet dtudehfpueny ipretisd ogerarully for a

< cont acrea b fiTlsmiint (RSB By sERbERARGisle ficceclh Mtk oganpEy. T

conponent &I1p ra@ef anapddubfrd eshalti@ @ff@&hé SppaRERGh Btk it RuRNBERbY kSt an
i mmunol ogi cal relative thereof. The dengue virus provides vira |nnun§gen|c

conponent%MSGHﬁﬁ&wnmﬁﬂkﬁéﬂﬁﬂoﬁmdéﬂsby the dengue virus at any stage of its
devel opnment. In the early conval escent stages of dengue virus infection,
antibody, particularly IgA devel oped or derived from previous dengue

i nfecti on00s3joAetiié polir, UafbiuealihQng cileeied FRdm Rhé TBfcYtc@ cells @KAHABY Y Q@ngue
Vi rus |nfect|on and this may be detected by the formation of a co Y
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cells may be culture or ‘any periro Al 1 ows
t he dengus lrig'mbk to establlsh and |nfect t he ceII Mor e partlcularly, t he
cells are cultured until a cytopathic effect is apparent in the cel

culture thereby indicating active infection of the virus in the cells.

[0083] Ay obéumnweﬂfenﬂg%ﬂaa@lgﬁbwas bt ﬁhs!&%%e&a?&%? he infected cells

either by lysed 10 infected cells or ron1the supernatant of the infected
cel I slby any ot her nethod avail abl e.

[0085] Particularly, the dengue specific immunogenic component is a protein of the
dengue virus particle. More particularly, the structural protein is E-Envelope protein,
which may be more immunogenic for anti-dengue IgA antibodies, it is exposed on the
envelope of the virus.
20

[0086] However, the present invention is not to be limited solely to use E-protein antigens.
A mixture of other dengue virus molecules/immunogens (present in the dengue virus
infected cells, which may contain dengue virus patticles and other immunological
components, generally structural and non-structural proteins) against which antibodies

25 develop during the course of dengue virus exposure/infection may also be used.

[0087] The dengue virus specific immunogenic component is generally from lysate and
culture supernatant. The biological sample is contacted so that a complex may form
between the viral immunogenic components of the lysate and the binding partner contained
30 within the biological sample. Particularly, irhmunogens of the dengue virus particies,
including but not limited to those of the structural and non-structural proteins captured by
anti-dengue IgA, will form complexes with binding partners. Preferably, the specific

binding partners are antibodies or fragments thereof derived from the biological sample.




Later the viral antigen is purified and inactivated using standard protocol
and concentrated at 1ng/m . [0084] Conveniently, the dengue virus antigen
is envel ope protein. 15 [0085] Particularly, the dengue specific

i mrunogeni ¢ conponent is a protein of the dengue virus particle. Mre
particularly, the structural protein r@lE-EnveIope protein, which may be
nor e i nmunogeni ¢ for anti-dengue IgA antibodies, it is exposed on the

envel ope of the virus. 20 [0086] However, the present invention is not to
be |i m t erhesomeéll ywntyobe peestntpwininethe sabfetigleassbeen Axposetilinfectefl optilmarunidedgae

Vi rus nnlﬁcgles/innunogens (present in the dengue virus infected cells,

whi ch mayleBFMERF Y ¥&ngue virus particles and ot her imunol ogi cal

conponents, generally structural and non-structural proteins) against which
anti bodi es 25 develop during the course of dengue virus exposure/infection
may al so [0e88]sk conpde8iimT hetvdengumeantibody, sewilddlyc an Ay weaptive ovitodprguent i s
generg%ly.fronll sate and %ul ure supernatant. The biol ogical sanple is
cont act ed™'5 °f HY ”80@8ﬁﬁlﬁkiﬁﬁ§“¥%#hu bet ween the viral imunogenic
conponents of the lysate and the binding partner contained 30 within the

bi ol ogi cal sanple. Particularly, immunogens of the dengue virus particles,

i ncl udi nd0®%f] Thet mictheids eaidtlgtst hbdhe pfeseriengentignt wack|to ohemponerds @og|

brot ef ns gaptuned Y ook s dengue L ah il LoLMLEQr RXGs. WAL bidins

I
partners. i'ng partners are=~anti bo

f r agment sTHebe ce@bostaitd Yedl biddag biendds @b geepdted ahe courdd of BhéGgulitusonl y
be present when the subject has been exposed/infected or inmunized to the

denguHJvﬂ?ﬁ@ﬂmyUUBBFZﬂuﬁbnplex fornms between an antibody, particularly an
| gA reactive with dengue 5 virus or imunol ogical relative thereof [0089]
The nethods and kits of the present invention seek to detect conponents and
bi ndi ng {a020jerte sumipdbx foiynecagnisk exe orandreasiading giactatis\beuod ta@ ode g usorei r us

infection. These c onents and bi ndin rtners ar enerated .in e
cour se Ofcoglpggﬁg% geg%om dsengue virus or ange u?vatlent t ereof(.e H%wever, not aﬂ Wﬂtl lFlzl)e

dengue virus specific IgA. Other immunological molecules such as IgG and IgM may also

15 bind.

[0091] A second binding molecule is also loaded on the nitrocellulose membrane which
binds all immunoglobulins (IgA, IgG, and IgM) called Protein-L and this protein is used as
a control line to indicate the validity of the assay.

20
[0092] The biological sample is left in contact with the component derived from dengue
virus or an equivalent thereof for a period of time sufficient and conditions, which allow

the stable formation of the complex.

25 [0093] The dengue virus specific immunogenic components and the biological sample are
contacted so that a complex may form between the components and a binding partner
present within the biological sample. Conveniently, immunogens of the dengue virus
particles, including but not limited to those of the structural and non- structural proteins
particularly captured by anti-dengue virus IgA having a binding site specific to dengue

30 wvirus antigen, will form complexes with either binding partners or a competing dengue

virus specific immunological agent such as a specific IgA.

[0094] Particularly, the specific binding partners are antibodies or fragments thereof




10 infection/immnization. [0090] The conplex nmay conprise one or nore

bi ndi ng partners bound to one or nore conponents derived from dengue virus
or an equival ent thereof. However, not all will be dengue virus specific
| gA. O her imunol ogi cal nol ecul es such as 1gG and IgM may al so 15 bind.
[0091] A second binding nolecule is al$¢1oaded on the nitrocellul ose
menbrane which binds all inmnoglobulins (1gA 1gG and IgM called
Protein-L and this protein is used as a control line to indicate the

val i di ty mbsdnhén a@sshiploglédl AQPR] Thee ®lIiIbbolgl Iapbresaplieeni thelsabject RasClgszhact
wi th the conponent derjved fromdengue virus or an equival ent thereof for
a peri od @Possdrmmayzdipdhg dangle ¥gWdi ti ons, which allow the stable
formati on of the conplex. 25 [0093] The dengue virus specific inmunogenic
conponents and the biol ogical sanple are contacted so that a conpl ex may
f or m bet Wwoe9s|t Ihetiadapprbeatemplked farrs beliveen pamhitisrdy, pegiselat]ywwint lgihnspebidic

bi ol ogj c sanpl e, Conyenj ently, inmmunogens of the depgue virus articles,
i ncl ud$ n&lob the MemdEs ?#] %Egieil%let HESAgEe %E e%‘ilV%}EIEtJﬁ%ﬂeoggFﬂie haR-dsgigctal

prot ei ns opakdhirtd 8kdote SRRt LeshndMe. aRls is @f‘éﬁgﬁﬁc?ﬂﬁéﬁf dedduddvigeanbiipdi

ng
site specific to dengue 30 virus antigen, wll formconplexes with eirther

bi ndi ng parthasmypleandhavapesehing pdengrposukd. r us speci fi ¢ i nmunol ogi cal agent
such as a specific IgA. [0094] Particularly, the specific binding partners
are antibodies or fragnents thereof -22- present in the biological sanple.

These W |[poog)l v de eRiRARAENtWAE PrdsBf iSWLBA relRTIpBR e d@XdvRR SRt LRIt iARd t O
t he dengue virus. [0095] Particularly, the conplex fornms between an

ant i bbdly, sppeifie bénding partters pajicEpde IgA eresentfin the bielogigeheample thay ereoseibie
virus antjgen. or i n I a |,--de LT capryred
dengue viiPar ccpsBil $E U S bBE AR oRE pAPh o SRSkl e od FOu AR ¢

| gA in tikfectdnplte thedidagie &inieasnin dhmkbloEicak pestive ther&F9%hich rhadrigcen
enbodi ment, the present,  invention relies upon the detection of dengue virus
10 speci fGaBtUBhBTIAG aptrdengies Vighs 184 ul ey pamilen ppecapRrisePOeHY 1BP%s Hgfing

sanpl e t r}?arrtn@fseoo%ﬂﬁcib fdn€ or more components derived from dengue virus or an equivalent
15 thereof. However, it is the identification of an IgA bound to the complex that is indicative

of prior exposure in this present invention.

[0097] A non-immunological complex is formed with biological samples (saliva, serum)
along the line loaded with protein-L containing all three types of immunoglobulins (IgA,

20 IgG and IgM). This complex does not indicate the exposure of dengue virus to the subject
but does provide the validity of the assay.

[0098] Another aspect of the present invention provides a solid support for use in a method
for detecting exposure of a subject to a dengue virus or equivalent thereof, the method
25 comprising contacting a biological sample from the subject with a mixture of dengue virus
specific immunogenic components or an immunological relative thereof; determining the
presence of a complex that forms between a binding partner present in the biological
sample and a dengue virus specific immunogenic component; and optionally
characterizing the binding partner in the complex to correlate the binding partner to
30 exposure to the dengue virus; the support comprising dengue virus specific immunogenic

components immobilized on the support.

[0099] The solid support may be any material known to those of ordinary skill in the art to




for a conponent of the dengue virus antigen present in cell l|ysate derived
froma cell infected wth the dengue virus or an immunol ogical relative

t her eof which has been captured using anti-dengue virus | gA. The conpl ex
may conprise one or nore binding partners bound to one or nobre conponents
derived fromdengue virus or an equivaldmt 15 thereof. However, it is the
identification of an I gA bound to the conplex that is indicative of prior
exposure in this present invention. [0097] A non-imrmunol ogical conplex is

f or ned vvimalchi@Itﬁgd;ﬁglpastaeploesde(ngaéims §Rtifi) imahas@nid @ombogent aagedhew t h
protein-L contai n| ng al I t hree types of immunoglobulins (1gA, 20 1gG and

| gM . Thi &tacheh fiox Gampledhe splid saprort mey dgadey avell in@ngirsotliry plate 8r ehe
subj ect o} S pect
of tho. praggedRRReRl UhaS bl Al AlickdiuarP K w3 ey 00 R a3 TS

det ect i ngdiex pasiir es oflasa, dibejgass, tlalen dengpbstic rmigtedal ewphi wal Eiystyient eaf

t he meg hod, 25 c rising contacting a biological sanple fromthe subj ect
wth a mB&lWEylﬁlf‘ng €figue virus specific i Munogeni ¢ conponents or an

i mrunol ogi cal relative thereof; determning the presence of a conplex that
forms between a bindi ng partner present in the biological sanple and a
dengue vil00%0Wpeci The bimrungquemecoc teplengnt yirenspooific ionatnogenichanponenti zi ng

exposur e T PREPERUE? Yo ST Sbebi ubPe Cufishs & Remit o bR bdfesutt 1 c

| Munogendkell i P ReRhizhi ABRRIPTY dedtidbd tiﬂﬂ@heﬁ?ﬂ@lﬁr ind §6E93 H’c@ﬁuﬁ@' Intthe
support may be any material known to those of ordinary skill in the art to

-23- i ceontexpphiie mgessal nmentions thedamg sinynebilzativad refprs admmh@geﬁmﬂlg@wponent
nmay be n a
e ot i ot praaliaped e RIRE bl Bopfind ARDBlaDTHasR T LR lon b

Al t er nat mded;qotloﬁ bé aﬁmgmqs tonftathe beerabraga (hrizha-3§). $€ Su(ﬂﬂ@@e@&dgjrpﬁ@l may be
fiberglass, latex or a plastic material such as polystyrene_or

pol yvi ny|aeh468? %Sprﬁﬂ@&@é]ﬂm% a1/ ndioayths Betiererof grenilrangreating Biofat ersacéwéc. fic
| unogenh G, GRABRMAIHer. THY H6re zmze%'ré Ogrspedo&f HREsaml m@nﬁ%@%tmm&h&%&
variety of techniques known to those In the art ich are anply
descr 1 bedising arpgalpatlenandaPbtacile Rolldwimgl sptayimg me@brang i¢ flowed dry in a dryer

and finally is blocked by blocking buffer.

[00101] The dengue virus specific immunogenic component derived from a dengue
virus or an equivalent thereof loaded/sprayed onto the membrane is allowed to contact with
20 Dbiological samples which is passed over the membrane once added onto the sample pad,
which allow the stable formation of a complex. Once the biological sample meets the
mdicator line (crystal violet) a detection system which is anti-IgA antibodies conjugated
with gold particle is allowed to flow over the membrane from other side of the cassette
which then detect the specific immunocomplex through the specific binding with IgA

25 molecule.

[00102] Detecting the complex between the components derived from dengue virus
or an equivalent thereof and a subject-derived binding partner such as immunoreactive
molecules, may be based on any convenient method, which will be known to those of the

30 skill of the art.

[00103] It is contemplated that procedures useful for detecting components and

binding partners which form complexes and are indicative of a dengue virus infection in a




10 context of the present invention, the term"imobilization" refers
adsorption of antigen on the nitrocellul ose nenbrane foll ow ng spraying by
Bi oDot machine. Immobilization by adsorption of antigen is onto the
menbrane (prinma-85). In such cases, adsorption may be achieved by spraying
of antigen at 7" fromthe bottom of nemftane using BioDot machine in a
suitable buffer. Two nore |lines are sprayed on the sane nenbrane at 14" and
12" 15 using crystal violet and Protein-L. Follow ng spraying nmenbrane is
al | oned dbigldgicah @mpds indode,f boalaley ros Ixhbekead, bnnhinotdgidad dxwdysersuch 04101]
The dengue vir ? speci fic i mmunogeni c conponent derived froma dengue
virus or %‘Hn%%fg% UHHNSNtIMMMEIOEHOChIRGEY/ SHIBYRMISIISIiRY nbrKbedy-8itEiyoned
to contac ' ' ' ' j : ne
Sprbinbddgrapfly WRLOG 6181 IR ERANNIEN o aRARRAS: MUAbid B BITRER

once added ontothe sanple pad, ow the s ormati1 on

conpl ex. @mgkerttbehnbjues eghcalarskampeintkets. t he indicator |ine (crystal
violet) a detection systemwhich is anti-IgA antibodies conjugated wth
gold particle is allowed to fl ow over the nmenbrane from other side of the

casset te [goigh them H8iees! cohoRRRCIHd BinlFEURRGERPLex:H RiBUEnibessRaC fic
bi ndi ng m%th‘ﬁgA 25 %ﬁ%ecuféﬁﬁfOOlOZ] Dgtectingeﬁﬁe conpl ex be%megn t he
conponent &e dedi¢ativd of psiengemgoes infectien, roay ndetepied/ml ebiolagiesl euhplamtitained

subj ect-dgrived ;bi ndin artner as. | reactive. nol ecul.es be
based o S0 C oMt R RieHE TR B i TR AR D 1 R T TRins g
skil'l of ihb@oarsf deReA&Blendloyss aC BHIRAPIASRDnt tpsﬁl‘éﬁeﬁhﬂs]@&iﬂéeirMLde@r
detecting conponents and binding partners which formconpl exes and are

i ndi c&®i ongigatedquiily gazyxme. ieold ﬁﬁlg'@fq/‘%ﬂlﬂoidﬁwéldlmﬂﬁ dletsgtiemlof dmestreplpxrs| ude,

but are | i nol ogi cal assays, such as i nmmunobl otting,
innunocy?@%%gkﬁé%ﬁggﬁgﬁﬁ%ﬂgﬁistochenistry or antibody-affinity

chromat ography, Western bl ot analysis, lateral flow or variations or
are known in the art. 5

conbi nati gn f these or_other techniques such a g

[00104] | l_ﬁ@;-ﬁer al ,Inc%}rﬁ@h@‘ﬁmeﬂhrrge BRI Mg pRetescriRgd iWolve rthe dmpf éxes

and = are ddgheatiy enbbed AN HPokiMSe HRGRhORe WYL BE biRHGE bifndiNof a

bi ol ogi cal sanpl e obtai ned

15  biological sample may absorb/bind. The complex formed by a component of the dengue

virus antigen and the binding partner may then be detected using a detection agent that
contains a reporter group and specifically binds to the component/binding partner complex.
Such detection agent may comprise, for example, an anti-antibody or other agent that
specifically binds to the binding partner, such as an antiimmunoglobulin (i.e. antibody),

20  protein G, protein A, protein-L or a lectin.

[00106] In an embodiment, the detection reagent is an antibody or secondary
antibody or an antigen-binding fragment thereof, capable of binding to the binding partner
of the biological sample. Antibodies may be prepared by any of a variety of techniques

25 known to those of ordinary skill in the art (See, for example, Harlow and Lane, Antibodies:
A Laboratory Manual, Cold Spring Harbor Laboratory, 1988).

[00107] The secondary antibody which may be conjugated to a label, can be added
to the complex to facilitate detection. A range of labels providing a detectable signal may
30 be employed. The label may be selected from a group including chromogen, an enzyme, a
catalyst, a fluorophore, gold colloid and a direct visual label. In the case of a direct visual
label, use may be made of a colloidal metallic or non-metallic particle, a dye particle, an

enzyme or a substrate, an organic polymer, or a latex particle. A large number of enzymes




froma subject by any neans available to the skilled addressee. In an
enbodi nent, the nethod of detection enploys a further detection agent such
as specific anti-body 10 conjugated with enzyne, gold particle/colloid

whi ch permts detection of the conplexes wth the binding partners.

[00105] In an enbodi nent, the nethods &% herein described involve the use
of a dengue virus antlgen onto nitrocellul ose nenbrane to which a binding
partner of a 15 biological sanple may absorb/bind. The conplex forned by a
conponent sudfablelfer dengliabsls atsdiacibsagiein @mickdt SratebiPatnnNop.ad, 8 624 ITeys430ex be
detected usjng a detection agent that, contains a reporter group and

speci i caidy 4349638 oSuikble saprRentabslisnél e pBrepsd r IvshkTe dncludg, c3fkaline
det ecti nglﬁ?gﬁl%? lesl E'p%?oxhgla%g %I i gho?s@raﬁ&h' ugﬁ&g%@.g’%‘h@ EnRhflehpagent

t hat s to t artner,
antii rmumngj/ bb unlsedml@'ne er 1rand>mbmd‘y<)n withOa preohe ienzy@re, prlotieisnin/solyiont & thel or
alectin

. [00106] ILn an enhodi nent, the . dete nr ent l an anti body or
second ryplje%ﬁ’i‘fi‘ GBI SSePTAR; OBY ﬁH?%SfW@bh%rﬁ‘fraﬁ %ﬂaﬂe@?ﬂ E‘é
bi ndi ng t,Q,4tH&ifh iRKLBErRADASEnd PlodhbiR abh@&a@lg'(fe?écta%WI&n cﬁaﬁgéo%fa«abz@ay be

prepared by any of a variety of techniques 25 known to those of “ordi nary
ski |l i n adhievas the((8etioif of thexamples, Harl ow and Lane, Antibodies: A

Laborat ory Manual, Cold Spring Harbor Laboratory, 1988). [00107] The
secondary antibody which nay be conjugated to a |abel, can be added to the

conpl ex tof@syi | i t aGenciltyg Cihk OdhtibBA Y 8 O Qﬁtﬂl@heh@b@ﬂ?%&ij@té& dethegdiabl e
signal may 30 be enpl oyed. The | abel may be sel ected froma group

i ncl ud® ngc%lﬁr%mb&wrefaw detegandeA dindinaipganers 4hat| haye dmad 4o tepHengysl Visisd and
a direct \ﬂeaﬁ?oﬁ“h‘glﬁgge“f F‘f“t‘ﬁ%eﬁ%se of a direct visual |abel, use may be

made of a hon-netallic particle, a dye particle, an
enzynme or a substrate, an organic polyner, or a latex particle. A large
nunber of enzymes -25- suitable for use as |.abels are disclosed in United

States Pal8R¥INos. Whisgesaysmay pegpesiosmed tandrsh congcapa Wdingagnghsy fe
| abel s i rbi&l*agicar %aﬁgfe by ek 9fnl NElBeRi-8d K ia ns%hfp@ it @3, m'&%aﬁﬂ@s@' sh

per oxi dase, preferably horseradi sh peroxi dase. e enzynmé | abel
used &% onvembrang, wiblmﬂimdﬂngucl i Isp(wﬁ(eummdnmnmmmﬂmmﬂs as hefemn dedcubed)n In

AU I LR A A R R GRS
antibody. Alternatively, the dengue virus specific immunogenic components may be bound
to the solid support such that binding partners are allowed to bind to the immobilized
component and then detection reagent is added which may be specific reporter group.

20  Unbound sample is then removed from the immobilized complex through reverse flow

technique.

[00110] More specifically, once the binding partner or a dengue virus specific
immunogenic component is immobilized on the support as described above, the remaining
25 binding sites on the support are typically blocked. Any suitable blocking agent known to
those of ordinary skill in the art, such as bovine serum albumin or milk casein with either
Triton X 100 or Tween 20 (Trademark) [Sigma Chemical Co., St. Louis, Mo.]. The
component or binding partner is used undiluted form during contact with dengue virus
immunogenic component. In general, an appropriate contact time is 5-10 minutes that is
30 sufficient to allow a dengue virus specific immunological component presence in the
biological samples to bind to the immobilized binding partner, or vice versa. Preferably,
the contact time is sufficient to achieve a level of binding to the target epitope on the

attached dengue virus specific immunogenic component that is at least about 95% of that




reacts with its substrate DAB and produces a visually detectabl e col our
change, preferably achieves the detection of the conplex. [00108]
Generally, the antibody is an anti-IgA anti body conjugated with gold 10
colloid and therefore detects I gA binding partners that have bound to the
dengue virus specific immunogenic conﬂ@nents. [ 00109] This assay may be
performed by first contacting a binding partner of a biological sanple
that has been i mmobilized on a solid support, the nitorcellulose 15
menbr ane, achieivtd thequikingue beiwdsa tspbourfd md mbonnd éhidingparpenentsngs Jiexei n

d i bed, such th ) i | d o]l i bili d
e e hembane i S By bbir Br Sl of o P kR e
specific Jirﬁw&%g&% o &Wﬁﬂh&@ﬁﬁﬁg;ﬁﬁ@ﬁ%ﬂ%aﬂ AdasiHPRRY Tev@Ugh

that binding partners are allowe e 1 mmobi’li zed “conponent and
t hen det éxhdiog that agmmng oves agddediofvhimeh nay be specific reporter group. 20
Unbound sanple is then renoved fromthe i mobilized conplex through reverse
flow +technique. [00110] More specifically, once the binding partner or a

dengue Vifpggigreci fife détBIMYROLRAL §s g&@gne_éﬁ ahﬁfl%mlﬁbb&%qqe&ﬁeﬂh@p&t@port
as described above, the renmaining 5 binding sites on the support are
t ypi cal | yerpipscieelgde Amge griupabbeted] wedinnbheadeeationrasgnt isdhethodeased fromdthaar y

skill int art ch as bovine serum al buni n er C ' ' ei t her
Tri ton x 4608 bisdlif el PR T R Wiy RREDE il ufich ]
The conpaemit-0éngddk NIHAGrdaIBifiREicks skbplds.ungh hpiiropriftor amslint i s tisRNIAG!

w th dengue virus innunogfnic conponent. |In general, an approprjate

cont at? tgenerally bs deyrmingd by pstaying the lagl elpindimgdbat oceraprens BeHERftENi r us

alt aenerally bs st PR ordurap ,
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cont act trepewtdr Lrowf. fiikei eethod empihicé\er detbaing thofredurted ignenpt depehds tpmgide
epitope on the _attached dengue virus specific innunggfqhﬁpco onent t hat
is at | ed¥furgnshi thysgsrerter h&HoUPs 6501, FATIQGRH CarBr RS | SHHHTHPD e CEMEL 108

bound andauw}a%@;qpmnﬂétﬂgdsp&et%gﬁéra@y afFogHSe Vb pddRos RPREIEIG AL FIMNROGREC
conponent. Those of ordinary skill inthe art wll recognize that the tine

neceskar ytot detaghilpsse legundscdnt i gnoupsy civemogendt | snzgmce raridndhiotspcant sgippy t he
level of Chromogenic enzymes include, but are not limited to, peroxidase and alkaline
phosphatase. Fluorescent groups include, but are not limited to, fluorescein isothiocyanate
(FITC), tetramethylrhodamine isothiocyanate (TRITC) 1 rhodamine, Texas Red, Gold
colloid and phycoerythrin. Biotin may be detected using avidin, coupled to a different

20  reporter group (commonly a radioactive or fluorescent group or an enzyme).

[00112] As used herein, "binding" refers to a non-covalent association between two
separate molecules such that a complex is formed. The ability to bind may be evaluated by,
for example, determining a binding constant for the formation of the complex. The binding
25 constant is the value obtained when the concentration of the complex is divided by the
product of the component concentrations. In general, two compounds are said to "bind," in
the context of the present invention, when the binding constant for complex formation
exceeds about 10 3 I/mol. The binding constant may be determined using methods well
known in the art.
30
[00113] Membranes contemplated by the method and kits of the present invention
include any membrane to which either the binding partner or components derived from the

flavivirus or equivalent thereof can bind. Examples of membranes include without being




bi ndi ng that occurs over a period of time. 5 [00111] The detection agent is
generally an anti-1gA antibody. Preferred reporter groups include those
groups recited herein. The detection agent is then released fromthe
gol d- pad over the nenbrane where inmunoconplex is formed wi th dengue virus
antigen and anti-dengue |gA from biol-édi-cal sanples. An appropriate anmount
of tinme may 10 generally be determ ned by assaying the | evel of binding
that occurs over a period of time. Unbound detection agent is then renoved

and boundimgigide s, imdto@belke msentlehes] odlyuaiaflgoidie/lencempenbemedfiloern. cellobsaet hod
enpl oyed for detectingﬂthe reporter group dependg upon, t%ﬁ nature of the
report er agetatgpnembrang ddicsaend vdlulgssupiate dpgmplrang Gites iy filer Rpeg carriers.

aut or adi Qg AR G:oBEL H00ReAbS ORNENAbLANARDLANIALE. Spectroscopi ¢ met hods

may be use 0 yes, lum nescent groups, chronogenic enzynmes and
fluorescent groups. Chronogenic enzynes include, but are not limted to,

Dot 11 d0MD, 1 | bhTeetlly: AR RETS S A BOS ORI oo PP IY N AT ne
i sot hi ocyapatfed mhﬁgméthb@%ﬁg aMflelo g REPHidRSGhip. Tk thstdek,| Lz @Rdc kit can

phycoerythrin. Biotin may be déetected using avidin, coupled to a different
20 r epor therstryriowgd 1o perfivon limmemo-diittiag tiing aglast blids estedrwitlythewemponen of

enzyne). 00 used herein, "binding" refers,to a.non- al ent
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bi ndi ng constant for the fornmation of the conplex. The binding 25 constant

i s thE) val stendsidisgdhsamplpeemprisingoh deiseteblei lsvel ot bindingggghlexand @ sropndpsy by

the pro t..of the.co n onecentrations. In general, two conpounds are
said to 9%%%8?“n?ﬁgﬁtﬁggg%ﬁgé§%88¢ t he present invention, when the binding

constant for conplex formati on exceeds about 10 3 L/nol. The binding

constant may be determ ned using methods well _known in the art. 30 [Q0113]
Merbr aned 0@ enplé@ﬁﬁnﬁyoqPﬁﬂkégﬁmﬁeBﬁﬁﬂﬁﬂ¥§mﬁ?nFﬁbd%?%§%ﬂ¥l?ﬁﬂﬁﬁwp

et s BRI R A S Rt R i
menbr Bheshéroaf eitheer vdurimgudcube infection or in convalescent phase. As used therein "acute
infection" refers to the period of time when a virus has infected a host and is actively
replicating and/or causing symptoms associated with infection like fever, rush, joint pain
and or abdominal pain. The "convalescent phase" refers to the stage of dengue virus
infection cycle when dengue virus is no longer multiplying or remains in the host blood
20 and has developed binding partners such as, but not limited to antibodies. Using the
method and kit of the present invention, exposure can be detected at any time after

generation of a binding partner in the infected patient or patient derived it from his/her

previous infection/infections.

25 [00116] In another aspect of the present invention there is provided a POCT kat for
detecting IgA in a subject that is specific for a dengue virus or equivalent thereof or for
detecting dengue virus exposure comprising: a solid membrane support including a dengue
virus specific immunogenic component or equivalent thereof; or a solid support including
a dengue virus specific immunogenic component or equivalent thereof attached to a second

30 support; at least one detection agent conjugated to a reporter group for detecting a binding
partner in a biological sample that forms a complex with the dengue virus specific
immunogenic component; and optionally instructions for using said kit to further identify

the binding partner of the complex.




-27- limted to, nitrocellul ose nenbranes, polytetrafl uorethylene nmenbrane
filters, cellulose acetate nenbrane filters and cellul ose nitrate nmenbrane
filters with filter paper carriers. Mst preferably, the nenbrane is a
nitrocel l ul ose nmenbrane. 5 [00114] Alternatively, the diagnostic nethods of
the present invention may adopt an aut’Smat ed anal ytic method using a

bi ol ogi cal m crochip. For instance, a diagnostic kit can be structured to
perform inmuno-blotting using a glass slide coated with the conponent of
the cell lysate. This diagnostic kit may conprise a biological mcrochip

onto the surface of whigch a flavivirus specif.ic immunogeni c_caonponent is
i mmobi || 2881170 apfPRipraly-dhekitraH alsponglude adititienpl eas %ﬁpﬂf‘»@l%g@mp@%g a

det ect abl Eﬁ%ﬁ f. QL] AgEN 4 fRigagent, as
her ei n dé@gél egﬁgfﬁg%%%i iﬁe ne%ﬂ%%ﬂ%ﬁ e§§§29§3&¥ﬁgﬂ%@gg%nt igvention can
detect specific exposure of human or animals to a dengue virus or any
specifjc r of the family or equival.ent 15 thereof, either during acute
hrect ofOBIT 1 corfberudadm i s TRERIGE A v s i b EeiewB PRErB AT
refers tqubie: B&lchfet AluddByWiSH& ofiliditntiBor Af EHaknbtRASYE. ARit fay
actively replicating and/or” causing synptons associated with infection

| i ke feveér anyushyegigitfornpaf ROCasting whishatiowalfopabmdingeartngd ivabwdesen

h " f . th ; f.. i i
T LS el AR S BPRE  rBL BE SRR

devel opededlingi MOINPREGHE NS B Phesdice HUfendt virufsh&li¢ Bindigl %@dieﬁhﬁsuchfais ng
the nethod and kit of the present invention, exposure can be detected at
any tlGe laft &y theybipdegiealospnatle.achipRar mgprpaye rerdangue HausnPedfesbbypthe it or

pati ent ' pt £ i r ' L.nf j [ j )116]
' anot hepTRbSE ¢ ot St i ps RGOkl BEhCR 0 LA bORTmpER AE 107,
det ect i nglehg#e VifusalgU bipeeried tchaipohants pEdeddue viims oa adengivalent theseodr The kit

equi val ent thereof or for detecting dengue virus _expasure conprising. a
sol i d nedBPARE SOPPEEE [FaReRiSdTReT s B Bs cpaile of ﬁ’é&laﬁn& q é@éﬁ%@s

CO”po”e”%nﬁ%Pg&%%ﬁﬁkﬁﬂkﬁBﬁﬁ&ﬁﬁ&i or a solid support including a dengue

virus specif nogeni ¢ conponent or equivalent thereof attached to a
seconts 30 support; at |east one detection agent conjugated to a reporter

group 1 onyfelsgoti naua, bl 0di a0, Bastnek L0 Bhe'u 8956 Blors Rl MRk oL™ 2
least one member is a solid support comprising loaded/sprayed dengue virus component of
virus particle or equivalent or cell lysate comprising an immunogenic component derived
from a dengue virus or equivalent thereof.

20
[00120] The present invention also provides individual components of the kit for use
in the method of the present invention. The invention provides solid supports that include
anti-dengue virus IgA reactive components of the dengue virus for use in the detection of
exposure to the dengue virus. In one embodiment, a nitrocellulose membrane is used to

25 attach viral antigen, either for use as an immobilized anti-dengue virus IgA reactive
dengue viral components or as a line blot. Preferably the membranes include components
selected from the group of dengue viral antigens structural and non- structural proteins,
flavivirus particles and fragments thereof, glycoproteins, lipids and carbohydrates derived
from the flavivirus or any mixture thereof.

30
[00121] The solid support may also be a microtitre plate, glass slide or biological
microchip wherein the components of the cell lysate are immobilised. These solid supports

can then be subjected to the biological sample to detect flavivirus exposure. Preferably




i mmunogeni ¢ conponent; and optionally instructions for using said kit to
further identify the binding partner of the conplex. -28- [001171
Optionally, the kit will also include additional parts such as plastic
dropper, chase buffers, cassette and instructions as are necessary for
conducting the method. 5 [00118] Accord®rgly the present invention provides
a kit for detecting exposure of a subject to dengue virus or any nenber of
the famly or an equivalent thereof The kit may be any conveni ent form of
PCC t est i sigovdiiutdie ahbiabeint a5 Beditodittagh pRALWE Kiri aatifinobpgipesing satwpihe t o
interact with an anti-dengue | gA captured dengue virus viral conponent. The
resul t i§n§ﬁbﬁﬁ8ﬁ@§%@%ﬁ$°B¥U$Fé%qﬁiﬁﬁgﬁce of dengue virus specific binding
partners such as 10 IgA in the biological sanple, of prior exposure to
dengue virus. Preferably the kit conprises a solid support such as

descri bed0h#2di n adapyedartotharexspeate thar poosengr insentamt also deogdes i method gA
capturgd conponggts of de uE Vi rus or ., egyi val ent Eger of . The kit may
al so conpreaingdagerlpieve ngéi PBY ORFIBE FPRISCEE H5HIS BPEFC DIV R g THRCE A abl e

signal s kei%]['ﬁﬁfa%tt uRRRwitHin aldetdd RR&G IOl g!%%ogrﬁg’lgi[:ﬁ%éa?%oﬂ_ﬂﬁg Kithie WR¥arRe a

iy
modul ar conprising one or nore nenbers wherein at | east one nmenber is
a sol i d safpposport onpanitesi fogmiedizaladiatipertyos dsshesgend), omps sisgngdaiemg sefplesi r us

particle or equivalent. or cell. |ysate c ri.sjng.an i nogeni ¢ .gonponent
ori ved. B &TeHGUA 6 moaGpn SR04 Sresenior it 40 100158 SHEE Heent

i nvent i onexpb&ife RIF Ndithisal MeMBEAUE 2 sANFIORBLRLOH td ARlekble (iRls BiSequildledthe
nmet hod of the géesent i nvention. The invention §£OVIdeS solid supports that

i ncl ute therept bre thpumethiod pompgisingcthe stepe of orpeplrenins a diolpgisalgartple Tgny the f or
use in t i O f XpQs 10 e. Vi L dip|nt, a
nitrocel IhSEIP ge%rr%}kmga%ém?% %gegénte%ltezg} rgftsg%ﬁgf\él ra ugﬁ‘%?néé;nc,c&gﬁoﬁ E@?’ fa'lci])ira use
as an i nmidpirhizieg thotpred@OgLE & complekghatr datis Yetwedergumditig phrtmanipothent s
or as a line blot. Preferably the nenbranes include conponents . sel ected
from t he Rplogisabsangple gid adqugre xHps sReclic IPERQseIC SHEPHRGRL anh whetery

protei ns,,edfhayvipyidsomdlek! €l iGdicand bf BGIRMSof AR et % YCORIAL SRS
| i pids aﬁgegér ghydra?e (hé%fVeg RpBlitco Eec efl or
15 equivalent thereof; and assessing the relative risk of exposure within the defined location

by characterizing the binding partner in the complex.

[00123] Risk analysis may be conducted using software in a computer readable
form. Consequently, the present invention further relates to a computer readable program
20 and computer comprising suitable for analyzing exposure of subjects or group of subjects

or a risk of exposure of subject or group of subjects to a dengue virus or equivalent thereof.

[00124) The method or technique of the present invention allows for the
epidemiological study or sero-surveillance of outbreaks of infection caused by dengue
25 virus or any member of the family or equivalent thereof. Such studies provide valuable
information, which advance multiple facets of research in the area of dengue virus disease.
For example, epidemiological studies aid in the identification of the index of an infection.
Such information enables the identification of a defined location from which the source of
virus responsible for a viral outbreak originated.
30
[00125] Additionally the technique/method of the present invention permits for the
rapid identification or isolation of subjects who are infected with a dengue virus or

equivalent thereof without major laboratory equipment or even in field conditions. Such



fromthe flavivirus or any mixture thereof. 30 [00121] The solid support
may al so be a mcrotitre plate, glass slide or biological mcrochip
wherein the conponents of the cell |ysate are i mobilised. These solid
supports can then be subjected to the biological sanple to detect
flavivirus exposure. Preferably -29- ni¥rocellul ose nenbrane is used to
attach dengue virus antigen by spraying onto the nenbrane from dengue
virus infected cells. [00122] In yet another aspect, the present invention
al so pr ovihftemasonsidhddidehtifyngsdiesl ngotrbqiireahadital @rcainsdnt af wellas defininpe
subj ects bei ng exposed to dengue virus or an_ equival ent thereof within a
defined Ileeaongnthge rgauite dYHBGHIvARIgHI8E %cfh%qagrg @gfrafezppwabf‘é sggh as

{1 anspor Qi Renblof RLedhl pERLs b HTEMoR! FHARESHIBBlNiq ROBP I bfilent
obtaininddgghp?éé Ofroﬁigﬁggprégentative Sopu atﬁon mﬁgﬁ?% a dé}ihedml

| ocat i on;ineentioasdlessifog thevindeitrmgodl areifased patwht indéteindue thenpeixeces off a
sanpl e popuhﬁ}ion to a di gugt i.rus . or gﬂ%{v | ent, 10 t her.eof b tﬂe t hod
conpr i3 fEtrraeds ¥pes Jreiticcg TREOH b H%?@éft_s SHAPIE B AB AT hBME W) ect
W th a mixflfién Rlay BEIBRANTYS oBREEhdArS in (ETHHROHRNHEs, ROPRAG 8L RoriANES the
determ ning the presence of a conplex that forns between a binding partner
in the bubtcggtdahasawbiengedias ddeeiva likerdFopBSSti ¢ i munogeni ¢ conponent
and wherein the presence of the conplex is indicative of exposure of the
subj ect to a dengue virus or 15 equival ent thereof; and assessing the

rel ative [obsle]of eXnREWS,ethyl tdRhfighhefdgkl dt Oigbnhth phyvidddas agésisi &irng
the binding partner in the conplex. [00123] Ri sk analysis may be_ conducted
usi ngl&ofidemiEngsubiesisrivhn are inggtsbeh anyripecitis iaeneami the sches of deneye

i nvention.furtihe t. [ b r ogr: ter
compri si g S e Erng Eal Py SRR b5 e 3R SR RORA s AR OB et s
or a ri skpoirtingxp dsiioeativih ahjiefetticar angrdistpsoforsivbjtetts,.t o a dengue virus or .
equi val ent thereof. [00124] The method or techni que of the present
invention allows for the epiden ol ogical study or sero-surveillance of

out br eakgo@f27) nf ectmnﬁfe@aﬁ%vemo%e&gﬁﬁt&? Mietad @F 1RNMsdTBIMEA StitolRs
famly or equival ent thereof. Such studies provide val uable "I nformtion,
whi chladwaed e el dangheviraceta ioimunedegeat helative thereaf eraa déngde Ngueanti gear

di sease. an immunogenic component thereof in the manufacture of a POCT to detect current or

recent prior infection or exposure to dengue virus or an immunological relative thereof.

[00128] The present invention is now described with reference to the following non-
20 limiting Examples. It should be understood, however, that the following description is
illustrative only and should not be taken in any way as a restriction on the generality of the

invention described above.

EXAMPLE 1
25 Dengue type 2 antigen

[00129] a) Dengue antigen: Dengue type 2 antigen (Biodesign, International, USA)
was used to develop POCT using reverse flow technology. Dengue virus was grown in the
cell culture and concentrated from culture supernatants by precipitation and ultra-
30 centrifugation, which was then inactivated by formaldehyde. Later the formaldehyde was
neutralized by sodium bisulphite and inactivation was confirmed by vero cell culture. The
resultant inactivated dengue type 2 antigen was tested against antibodies against all four

serotypes of dengue virus (1-4) and was found positive.




For exanpl e, epidem ol ogical studies aid in the identification of the index
of an infection. Such information enables the identification of a defined
| ocation fromwhich the source of virus responsible for a viral outbreak
originated. 30 [00125] Additionally the technique/nethod of the present
invention pernits for the rapid identifli-cation or isolation of subjects
who are infected with a dengue virus or equivalent thereof w thout major

| aborat ory equi pnent or even in field conditions. Such -30- information
aids in identifying subjects, who require nmedical treatnent as well as

defining locations that require further |nvestigation or disease, control
appr oachd80&n as P)i dgFﬂtF‘F‘i'qEét roper  br e@dl‘i’rﬁ@ 1gfeehnoleRy, | tlg;s&nﬁfr o
Further, hgdogfbliffindingt P&o%ﬁﬁiﬁptq{oﬂe{thmt' s a(%ﬁ@ﬁ‘ﬁl Qeril Qe 91 fher i ng
of an infected patient to determ ne the presence o 5 anti-dengue virus
speci f i ¢ Hagtaria Adperstrapioorccas maghissi Prodeiorl bas thpr dsbiycie bind anttebappp Ididse of

infection nmay pe.the indicati.on of secondary infecti.on and thus, help the
ron ¢ of | G of il CiisS it ROSpee 8 SPRHERYLIR G4 OPH SLeTEY RiEBrr o
DSS. [ 00Xafbodytich&i®ins ahl Svak @EAMOBIRI BIA e RIEESR thé BIRIPidaPBarRpley id@Sna
means for 10 7identifying subjects who are infected with any specific
menber ofthisklevgepruentof dengue virus and serotypes involved, allow ng for
the rapid detection, risk of further infection, pointing to the |ocation
of an infection and di sease control strategy. [00127] The present invention
i's furthqoodinect ed)t Antifleunis® DIA-KEHAI a8dr ja@ske e 840nkD): SO6sH fahG-Hualandegngue
virus or an imunol ogical relative thereof or a dengue virus antigen or an
i munbyefintbedies seringate aritogold eodlqid waporerared Bsigg oy prodrpusco pgEqeet and
current qr,..I iar.1-nf i -\ kS a

minol ogPBEPERaY i Rointir i BBk NGBl HRTE, WG, TRABHEI S Rt The
descr i bedntihtrhan &f/e peldo@njigatewead wlel anithig tesons ohdary bty desaid| vess. uskd

shoul d be ugﬁetstqgﬂgrgﬁgﬁ%gﬁhothat the follow ng description is

i |1 ustratif §&1BHKeR,0 t be taken in any way as a restriction on
the generality of the invention described above. EXAMPLE 1 25 Dengue type
2 antigen :

15 [00132] d) Serum samples: A total 184 serum samples positive either by NS1

antigen or anti-dengue capture IgM ELISAs were used as dengue positive samples. An
amount of 125 serum samples collected from healthy donors were used as negative control.
All these samples were obtained from the library of serum bank of MP Biomedicals Asia
Pacific Pt Lid, Singapore. An additional 124 serum samples used for the field validation of

20 the assay were obtained from Virology Department of Bangabandhu Sheikh Mujib
Medical University, Bangladesh.

[00133] e) Serological assays: IgM capture ELISA, a commercial kit (Pan-bio,
Australia) was used for the measurement of anti-dengue specific IgM antibodies in the
25 samples used in this study. The test was performed according to the procedures described

by the manufacturer.

[00134] f) Dengue rapid diagnostics: Three types of dengue rapid diagnostic kits
available in the market either in the form of cassette or dipstrip were used as competitor

30 kits to validate and evaluate Den-IgA POCT.

[00135] g) Dengue NS1 antigen ELISA: Dengue NS1 antigen commercial kit
called Platelia Dengue NS1 Ag ELISA (Bio-Rad Corporate HQ, Hercules, USA) was used




[ 00129] a) Dengue antigen: Dengue type 2 antigen (Biodesign, International,
USA) was used to devel op POCT using reverse flow technol ogy. Dengue virus
was grown in the cell culture and concentrated from culture supernatants
by precipitation and ultra 30 centrifugation, which was then inactivated by
formal dehyde. Later the fornmal dehyde “neutralized by sodium bisul phite
and inactivation was confirnmed by veto cell culture. The resultant

i nacti vated dengue type 2 antigen was tested agai nst anti bodi es agai nst all
four serfot theektwfion ehdemue Epactii WS4 praacid foums tHeanah posples weed in 8is sthd@130]
b) Protein-L: Protein L (Pierce Bi techngl ogg, Ug%i an

i munogl obf PHSYASICABIAPTF BLOFHNS Hhihe BFSEERNS HAgPHARY B A e Her i ved
fromthe bacteria Peptostreptococcus magnus. Protein L has the ability to
bind with kappa light 5 chain of all classes and subcl asses of

i mmunogl dB0136is wi thgoSeliviantamnifles:i Trgalalft sajivn-samples wollgeted fromi gadthp dnovss

used to bind I nol ecul e from t he .bi ol ical,sa es used in this
Hoval oomoks ugGTReae & wii i ey R s B et e e cont
anti-human 1gA 10 anti bodi es conjugated with gold colloid was prepared

usi ng our in-house protocol and conpared with commercial product
( Code- Hl AR013W | | end AVIpledreed:i Wholeleod waapollael fram: thedwalth dgrorgsimdl)

it on B BeLBF b oL BT S PRRNER IS oM R BRR", .
sanpl es ot ubaBtothidyahe potfdiflancast Dol OPODT Figleagye capture | gM ELI SAs

were used as dengue positive sanples. An anount of 125 serum sanpl es
coll et ed from heal thy donors were used as negative control. All these

sanpl es bt ai - I f rRAaRkK; i i Asi a
Pacific ‘3?6%83 Si n@géb%{zgmﬁﬂﬁggb?‘%%gﬁg? Afg%%%er umglg(térr%flesn ﬁggg?gfq%r the
field valandgén (Biodésigt) Inkenasaaly WX)eisodaratdedt 1x dRASVacocotdiny tddjpblet heAat of
Bangabandhu  Shei kh, Muji b _Medical University, Bangl adesh. FégOlS%L e)

Ser ol ogi dBMMigERayelume Wit c AMHIr #ag mede far cenchepicantration bpiie piteyting  the
Austral i a%pt%%tgﬁed for the neasurenent of anti-dengue specific |IgM

ant i bodi e e 25 sanples used in this study. The test was perforned
accortting to the procedures described

Table 1

Optimization of dengue virus antigen

Name E- Protein (mg/ml)
1 0.223
2 0.2
3 0 0.185
4 . 0175
20
[00139] Dengue E-protein antigen was sprayed at position set for Den-IgA Rapid

Test striping on 4 pieces of membrane (30 cm each). Use Protein L as control line and
crystal violet as indicator line. Following spraying, the membrane is dried, blocked using
blocking buffers and dried again and then laminated, cut and assembly for test.

25




by the manufacturer. [00134] f) Dengue rapid diagnostics: Three types of
dengue rapid diagnostic kits available in the market either in the form of
cassette or dipstrip were used as conpetitor 30 kits to validate and

eval uate Den-1gA POCT. [00135] g) Dengue NS1 antigen ELI SA: Dengue NS1
antigen conmmercial kit called Platel i-&3Pengue NS1 Ag ELI SA (Bi o- Rad
Corporate HQ Hercules, USA) was used -32- for the detection of dengue
specific NS1 protein fromthe serumsanples used in this study. The test
was carrifediqyt accoptifizhtion be PRoRALIYPRSciHES@iéoe BidtycHnbR gFRUBARGEAIN er .
[00136] h) Saliva sanples: Total 25 saliva sanples collected from healthy
donors 5 dikites igsky aegeding éo dablae) mentionsdiHetadv.oh mpinasumivohmee A HOU g A

positive sera, 0137] .1 | e.bl.ood: Whal.e bl ood was collected fromthe
heal th' qot s i Fackleonbenlidiof 67 Brosal R TBRoeligue T oA posi t i ve ser a.
These whol e bl ood spi ked sanples were used to study the perfornmance of

Den-1gA POCT (Figure-6) 10 [00138] Optim zation of Dengue Virus Antigen.

The optim zation of dengue virus ant¥Tada2(Bi odesign, International, USA)
is carried out |x PBS according¢.0..1ahl m ni mum vol ume of S001 was
made for each concentration bef oﬂrlglt%ot%gro??%%teﬁ% optimsation. 15 Table 1
Optim zation of dengue virus antigen Nane E- Protein (ng/ml) 1 0.223 2
0.2 3 00.185 4 .0175 20 }00139} Dengue E-protejn antigen was sprayed at

position set for Den-|gA RapName Protein-L mg/ml
Concentration-1 0.02
Concentration-2 0.025
Concentration-3 (.03
Concentration-4 0.04
10 [00141] The assembly cassette was used for the optimization of antigen and protein-

L sprayed/loaded onto the membrane-using panel of strong, weak and negative anti-dengue
IgA positive serum samples. For protein-L the C-line with 1.5 to 2.5 intensity with serum
was considered as optimum,level of reaction while with saliva the intensity was 2.5 to 3.
For the optimization of viral protein the T-line with strong positive serum 2.5, moderate
15 1.5to 1.0, weak positive 0.5 to 0.25 while for negative no line were considered as optimum

level of reactions.

[00142] Following optimization of antigen (Figure-1) and protein-L (Figures-2 & -
4), 500 cassette were prepared for the study of sensitivity, specificity, positive predictive

20  wvalue and negative predictive value.

[00143] Optimization of anti-human IgA gold-colloid: Anti-human IgA gold colloid
was prepared using standard procedure and optimized using different OD level ranging
from 06 to 10 and 09 OD was found optimum against dengue positive and negative

25 samples (Figure-3).




Test striping on 4 pieces of nmenbrane (30 cmeach). Use Protein L as
control line and crystal violet as indicator line. Follow ng spraying, the
menbrane is dried, blocked using blocking buffers and dried again and then
| am nated, cut and assenbly for test. 25 -33- [00140] j) Optim zation of
Protein L: Protein L (Pierce Biotechnol¥gy, USA) was diluted in 1 x PBS
according to Table 2 nentioned bel ow. A mninmmvolune of 5001 was made
for each concentration for the process of optimsation. 5 Table 2

Di | uti onsAefayfnet&ivrel Name Protein-L ng/nm Concentration-1 0.02
Concentration-2 0.025 Concentration-3 0.03 Concentration-4 0.04 10

[ 00141] The assenbly cassette was used for the optim zation of antigen and
pr ot ei n- ﬁﬂfﬁ@%ﬁﬁﬂ4loaded onto the menbrane-usi ng panel of strong, weak and
negative anti-dengue |gA positive serum sanples. For protein-L the CIline
with 1.5 to 2.5 intensity with serum was considered as optimum | evel of

reaction ile with_ saljv e | ntensit s 2.5t0 3. For the

opti ni 2at Wi "1 rskpolobered @@Q erlp FaRle Wpodh Samp nG Pestapinies wBpigmslls,
moder at & gfode@byq dloPof URIKLPOS th MHeafhelndi? 0. 25 while for negative no
| ine were considered ‘as optimum |evel of reactions. [00142] Foll ow ng

optim zation of antigen (Figure-1) and protein-L (Figures-2 & - 4), 500
cassette prepared fog the. tug f sensitivity, specificity, positive
oo ot vIIPIBEP, o BB AL SepRE DRk Br e rod b then SBSaaEA Y S8 on o
ant i - humeie ngMnigdaop kddobidod ABIls) -RY BB 1abhedohd Hhed L@th] MR AR 8P €9
usi ng standard procedure and optim zed using different OD | evel ranging

from 06 tdopoCharg Bdfcopapaddaddanies epdipadm agai nst dengue positive and
negative 25 sanples (Figure-3).

[00146] Step 3 -Pulled *“plastic tab until resistance is felt and added another drop of

chase buffer onto the sample pad square and started timing. Read result after 15 minutes.
15 Serum / Plasma/saliva Samples

[00147] Step 1- Added 15pl of sample to the samples square well followed by 1

drop of chase buffer to the same well.

20 [00148] Step 2 — Sample absorbed by sample pad and then move over the membrane
and once reached the blue control line (A), three (3) drops Chase Buffer was added to the

conjugate pad.

[00149] Step 3 -Pulled the “plastic tab (labeled with Den-IgA) until resistance is felt
25 and added another drop of chase buffer onto the sample pad square and started timing.
Read the result after 15 minutes.

Interpretation of Den-IgA POCT
30 [00150] The result of POCT was interpreted using interpretation card which has a

range of color intensities varied from 0.25 to 3.0. For test line (T-line) any intensity

between 0.25 to 3.0 was considered as den-IgA positive sample while 0.0 is considered as




-34- Assay procedure Wole Blood: 5 [00144] Step 1- Added 20l of whole

bl ood sanple to the sanples square well followed by | drop of chase buffer
to the same well. [00145] Step 2 - Sanple absorbed by sanple pad and then
serum pl asma nove over the nenbrane (not red blood cells) and once reached
the blue control line (A, three (3) “ﬁ@‘drops Chase Buffer was added to
the gol d-pad. [00146] Step 3 -Pulled "plastic tab until resistance is felt
and added another drop of chase buffer onto the sanple pad square and
started tndgatiee. FReashtrod $ink (Cdfih@rintthsitg attvean 1.516 3Sewantdnsideasima/vahtiite a
Sanmpl es [00147] Step 1- Added |51 of sanple to the sanples square well

fol lowed %5 1  drop of chase buffer to the sane well. 20 [00148] Step 2 -
Sanpl e absorbed by sanple pad and then nove over the nenbrane and once
reached the blue control line (A, three (3) drops Chase Buffer was added
to the dofjRijate padint{gen kapfurSt apmi-GngRallgAELRA (HCASELISA)alhé|%bekikd

ith -1 gA til j St is fel, 5 and d th d f. ch
bt 1 o1 orRlBeMaehgPaN SR dtfe 4P B UGk G PEOR G RGBT OB GIE
after 15 i ptGgq iﬂc&%?i@@%ﬁﬁ&tdv‘%ﬂn ¢ beprd gA ﬁ%%@“d.%ﬁé@lo%&%@% tb Of

POCT was I nterpreted using I nterpretation car ich has a col or
i nt ensi t iveish bhckiag Hufemf@. PEotoat370C, plote waeswadhiedet ¢ Tshies math wumh dndtusedi ty

bet ween 0. 2 0 opsi der ed n- |.gA posi.tive | e ile 0,0 is
Doney dor duf R BRI tPhF SRRLAERE o0 107 difen PRk s AR ient) el e on
1.5 to 3.0 p\‘)@ﬁv@%ﬁi ﬂq{eggti@es st dadifols tv@e’i&-keﬁa@@ﬂ%l:h Jﬁlaté\.m;&lf&?nl GARt WEes
anti -dengue | gA ELI SA ( -ELI SA): The 96 wel 5 plate ( Max-absor b- NUNC)

was cbat adeubiatibn 20®T, the plaie Mas ofasiehgeain éntinge wsinggyashsbufer dnd FE8! afid
:Olngfgat e it BE- rONE 1BAN Y hted Sl HRPNAY008f wi Saacd'th ShctPivff Shdd Qurt2?
incubated for 30 minutes at RT. Following incubation, the plate was washed again 6 times
and 100pul of TMB (Sigma, USA) was added to each well and incubated for 10 minutes at
RT. Further colour development was stopped using sulphuric acid (2.75%) and the plate
15 was read in an ELISA reader at 450 nm. Results were calculated using a formula of OD

value of the test sample divided by an average OD of negative samples and multiplying the

value by 10.

f) Comparative analytical sensitivity of Den-IgA point of care test (POCT):

20
[00152] The analytical sensitivity of den-IgA POCT was studied by using strong,
medium and weak dengue IgA positive serum samples. Serum samples were diluted at 1:5
to 1:160 in whole blood, serum or saliva from a healthy person who is negative to dengue
antibodies (IgG, IgM and IgA). Fifteen-microlite (15ul) of each diluted sample was then

25 added onto the cassette sample pad and test was performed as described above.

EXAMPLE 2
Comparative analysis of Den-IgA POCT against Den-capture IgM, ACA and NS1
antigen ELISAs
30
[00153] The level of sensitivity of Den- IgA POCT carried out using dengue

positive sera obtained from R & D lab and compared with other ELISAs. Results showed




wi th bl ocking buffer for 1 hour at 37C, plate was washed 4 washes wi th wash
and used for ACA-ELISA. 1001 of test serumat 1:100 in diluent buffer was
added to each well and 1 positive and 3 negative serumcontrols were kept
in each plate. After 1 hour of 10 incubation at RT, the plate was washed
again 6 times using wash buffer and 106P-of rabbit anti- human | gA
conjugated with HRP (1:4000) was added to each well and further incubated
for 30 mnutes at RT. Follow ng incubation, the plate was washed again 6

ti mes antatl Daklgf POME (Scgoid,7793%) ofvdknpad dedts tcompack taeiol5 586 NS Inmrutedd, ed
for 10 mnutes at RT. Further coI ur devel oprrent s sto ed using

sul phur i %4 demcaniure IgMandms - $4a 08 an8 LgndeAlSAY ggA reader at 450
nm Results were cal cul ated usi ng a formula of COD vaI ue of the test sanple
di vi ded by an average OD of negative sanples and nmultiplying the value by
10. f) Conparative anal yti cal sensiEXAMRLEB Den- 1 gA point of care test
(POCCT). 20 [00152] The anal yti cal t}; y of den-1gA POCT was studied
by usﬁ‘ng strong, medium and weak 8 %éiposi tive serum sanpl es. Serum
sanples were diluted at 1:5 to 1: 160 in whole blood, serumor saliva from
a healthy person who is negative to dengue antibodies (19gG IgMand |gA).

Fi ft een- iD8¥Hi t e (AB1peréirmaaehotiiDentlgd BRI wanderthdresvaluaBdaeies) agring t he

f d bed
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out using deng positive sera obtained fromR & D | ab and Ivg%pared wth
ot her 1 (L [Taprd 3Ra%’s| qompardhvied 7-6360, TRk pach 77 éA/oﬂotﬁfnu@teéEtléM/
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EXAMPLE 4
Specificity and Sensitivity of Den-IgA POCT

15
[060155] Specificity of Den-IgA POCT using sera collected from healthy and non-
dengue febrile illness.
Two by Two table showing sensitivity and specificity of Den-IgA POCT
20
Table-3
Den NS1 and IgM ELISA| Total
Positive Negative
Den-IgA POCT |Positive 106 11 117
Negative 20 114 134
Total 126 125 251
Sensitivity 84.13% PPV 90.60%
Specificity 91.20% NPV 85.07%
PPV= Positive predictive value
NPV= Negative predictive value

25




[ 00154] The performance of Den-1gA POCT was further eval uated using agai nst
comercially avail abl e POCT using 67 dengue positive sera (sera were
positive either to NS1 antigen ELISA or den-capture I1gM ELISA). The
sensitivity of Den-1gA POCT was 10 found 80.59% conpared to 77.61% 70.15%
and 77.61% by Uni-check 1gM1gG D pst i"d¥,~ Uni-cassette | gM 1 gG and Pan-bio
IgM 1 gG cassette respectively (Figure-7). EXAMPLE4 Specificity and
Sensitivity of Den-1gA POCT 15 [00155] Specificity of Den-1gA POCT using
sera collected fromhealthy and norEXANRIUESfebrile illness. Two by Two
tabl e show ng sensitivity and specificity of Den-1gA POCT 20 Table-3 Den
NS1 and | gM ELI SA Total ~Positive RegdgAFOEENR- | gA POCT Positive 106 11 117
Negative 20 114 134 Total 126 125 251 Sensitivity 84.13% PPV 90. 60%
Specificity 91.20% NPV 85.07% PPV= Positive predictive value NPV= Negative
predi ctiVe0tiailue Ferfodmand@ANRIEILS POEA- dgginsPOiTed ©0ivs6hd Papfedioethwihof

negat e ToeH i ednnteet Ve Abkah e RoRRY Bich Bel 8t Esran i85l i el

(Fi gur e- QFigure-6).

EXAMPLE-6
The kinetics of Den-IgA production by Den-IgA POCT

10
[00157] Out of 67 dengue positive serum samples (Den-NS1 Ag and Den-Cap IgM
ELISAs) collected during acute phase of infection (1-8 days), 57.14% (12/21) between day
1-3, 90.48% (38/42) between day 4-6 and 100% (4/4) between day 7-8 showed the
presence of anti-dengue IgA (Figure-8).

15

[00158] The newly developed Den-IgA POCT showed high level of performance
compared to other POCTs and early dengue ELISAs (capture IgM and NS1 antigen
ELISAs). This is because of eliminating the interference of non-dengue specific IgA
particularly in early phase of dengue illness. This performance is even better than ACA-
20 ELISA because of using high amount of serum (15pl compared to 1:100 in ACA-ELISA),
moreover Den-IgA POCT platform can be used against any type of samples collected from

patient like whole blood, serum/plasma and saliva.

[00159] Those skilled in the art will appreciate that the invention described herein is

25  susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and any and all combinations
of any two or more of said steps or features.

30




EXAMPLE-6 The kinetics of Den-I1gA production by Den-1gA POCT 10 [00157]
Qut of 67 dengue positive serum sanples (Den-NSI Ag and Den-Cap | gM

ELI SAs) col |l ected during acute phase of infection (1-8 days), 57.14%

- (12/21) between day 1-3, 90.48% (38/42) between day 4-6 and 100% (4/4)
bet ween day 7-8 showed the presence of8anti-dengue | gA (Figure-8). 15

[ 00158] The newl y devel oped Den-1gA POCT showed high | evel of performance
conpared to other POCTs and early dengue ELI SAs (capture | gM and NS1
antigen BIBPAIGRAPHYS because of elimnating the interference of

non- dengue specific IgA particularly in early phase of dengue ill ness.
This performance is even better than ACA 20 ELI SA because of using high
anount of_ serum (151 are o 1: i 0..ACA-FLI SA), noreover Den-1gA
POCT pIaﬁ¥6$ﬁ$%é%ﬁﬁéyﬁggghﬁﬁgyﬁgP&@ﬁgg??E€&§$0£§ﬁ59 s collected from
patient |ike whole blood, serum plasma and saliva. [00159] Those skilled in
the art will appreciate that the invention described hereinis 25
suscept i Blackvwelhaal. a2G06n€linndiard ddif 2080] $hs1bt-Ier t han t hose specifically
described. It is to be understood that the invention includes all such
variations and nodifications. The invention also includes all of the
steps, feAHIELCEinCRTPEBILL IRRNS] [RD-oxgmosmds referred to or indicated in
this specification, individually or collectively, and any and al

conbi nations of any two or nore of said steps or features. 30 -38-
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Platt et al, AmJ Trop Med Hyg. 57(2):119-25, 1997 Scott et al, amJ Trop
Med Hyg. 57(2):235-239, 1997 Stollar et at, AmJ Trop Med Hyg.
47(6):709-720, 1966 Wirld Health Organi zati on, Dengue haenorrhagic fever:

di agnosi s, treatnent, prevention and control, 2"d ed., 1997 -39- CLAI Ms:

1. A nethod for detecting exposure of'§9§ubject to a dengue virus or an

i mmunol ogi cal relative thereof, said nethod conprising contacting a

bi ol ogi cal sanple fromthe subject with a m xture of dengue virus specific
i munogenC§, ApvIenent s; and determ ning the presence of a conpl ex that
forms between a binding partner in the biological sanple and a dengue
virus specific i munogeni c conponent; characterizing the binding partner

in the conplex; and correlating the bindi ng partner, to exposure to dengue
virus or I'ts ifm g?"&gif%!daeff‘éﬁlggi?@%% A RBIEb o GRal HEWEPR A e
dengue spgfnkidtodiATHBRASE kifer&ATRAN SRR 0@ (B mpsiBingY@dtefinS @l bidlopithl a&gplr om
dengue virus infected cells or an equivalent thereof. 3. A nethod of Caim
1 wher ei rfrethghelevljess with agnigpee iof idenguenvinsgstific dompiesnis compenapy; yied on
nitrocel l ul ose .nenbrane. 4. A nmethod of C.aim] whereinq.th e_Vjhrus
Speci 11 c JHITIRGENTE Teaptnaht Fumpea el S8R brVere d Poth, RN g

st ruct ur dioRBiéaN@RIé AbtCh WEdueRi®E 8pdtsfic Hﬁfﬁ@n@eﬁidd@&g)oﬂemﬂ cledreSerbil the
fragments thereof, glycoproteins, |ipids and carbohydrates derived fromthe

dengue vihinding partpcritptthoerraple andreoarelgioedhy bindmeariyet (or (yroprete dangus
sel ected fromt %ng&§§g§g£p%hﬂgépg envel ope proteins, Pr nenbrane proteins,

and nucl eocapsid pro met hod of Caim5 wherein the structural
protein is an envel ope protein. 7. A method of Caiml| wherein the dengue

virus specific i npgenj ¢ component i sel ected.fromthe group c rising
dengue yF%us s Bt %gofﬁ%%ﬁbbéﬁ¥%@%6%$ HENESPed Fé@Pgﬁog?Bﬁg?%@géﬁﬁgR%?
consi sti gs%rzﬁfgd RENGEd sl ’ﬁom;@g GirbEMect& s hheguitdletd Bidpd Wherein

the neth tects exposure to engue Vi rus

3. A method of Claim 1 wherein the dengue virus specific immunogenic components

are sprayed on nitrocellulose membrane.

4. A method of Claim 1 wherein the dengue virus specific immunogenic component 1s
selected from the list consisting of structural and non-structural proteins, dengue virus
particles and fragments thereof, glycoproteins, lipids and carbohydrates derived from the

dengue virus.

5. A method of Claim 4 wherein the structural protein is selected from the group

including envelope proteins, Pr membrane proteins, and nucleocapsid proteins.

6. A method of Claim 5 wherein the structural protein is an envelope protein.

7. A method of Claim I wherein the dengue virus specific immunogenic component is
selected from the group comprising dengue virus serotype immunogenic components

selected from the group consisting of DEN1, DEN2, DEN3 and DEN4.

8. A method of Claim 1 wherein the method detects exposure to a dengue virus

serotype selected from the group consisting of DEN1, DEN2, DEN3 and DEN4.




serotype selected fromthe group consisting of DENT, DEN2, DEN3 and DEMN.
-40- 9. A nmethod of Cdaim1l wherein the i nmunogenic conponent is an
antiidiotypic antibody to an antigen binding site of a dengue virus

anti body generated in response to exposure to a conponent derived from
dengue virus or an imunol ogical rel ati4¥% thereof. 10. A method of Claim!l
wherein the binding partner is a dengue virus specific antibody or an

i mrunol ogi cal fragnents thereof. 11. A nethod of C aim 10 wherein the

bi ndi ng partneA msthad dnCiabadly wepsie sbe mimunageni€ adinporsinade aafantiidleygice

Vi rus infec&%gn, during acute or cqa%glescence or_derived from recent past
i nf ect i orA0tPdy 0 3 RBEeLPINGINg FHe10ih dPREUS YiRE Biihady gensanteddn 19sPORYT togA
ant i body. j ek LL -at i irS

el ect ed FromrEALE 0B fn BT orb MEiRlodig o PEREHanbELR FRUR IERel2 1y e
virus. 14. A nethod of Claim 12 wherein the binding partner antibody is an

Do) 1510 A i RORORrOICE R § WHEPBI 4t HOTBEOTOFLAT SO YiSoogioettod
fromthe gipuay Opmﬁﬂd]g%igﬂ bl thikeod, serum plasma, cord fluid, B
cells, urine and amiotic fluid.” 16. A nethod of O aim 15 wherein the

bi ol ogi cal sanple is saliva, whole blood, serum plasma or urine. 17. A
nmet hod of, Cl aim 12, hergjn.t bj ndi n artner i s characterized usi,ng an
Tt nga Uane BumgoS b i Bhag e B A b & A RIS R BriS o ofh 0
i s conj ugakigdstiyiet bf §@egucC irhPidectibl; dbrinehb@d dr Wond@bRehddgr Heryvddnfrém

subject that is specific for dengue virus thereof said nethod conprising:
cont act i H§ceRt PRYivgFEd sanple fromthe subject with a mixture of -41-
dengue virus reactive inmunogeni c conponents; and determ ning the presence
of a conplex that forns between a binding partner in the biological sanple
and a dengue VA mushods@EClain ¢ wherein dgerinding pagesrenis Iggnahtitodyact eri zi ng t he
bi ndi ng partner in the conpl ex

13. A method of Claim 1 wherein the dengue virus relative is selected from the group

consisting of yellow fever virus, West-Nile and JE virus.

14. A method of Claim 12 wherein the binding partner antibody is an IgA antibody that
is specific to all dengue serotypes (DEN1, DEN2, DEN3 or DEN4).

15. A method of Claim 1 wherein the biological sample is selected from the group

consisting of saliva, blood, serum, plasma, cord fluid, B cells, urine and amniotic fluid.

16. A method of Claim 15 wherein the biological sample is saliva, whole blood, serum,

plasma or urine.

17. A method of Claim 12 herein the binding partner is characterized using an anti-1gA
antibody.

18. A method of Claim 17 wherein the anti-IgA antibody is conjugated with gold

colloid.

19. A method for detecting IgA in a subject that is specific for dengue virus thereof

said method comprising: contacting a biological sample from the subject with a mixture of




w th human anti-1gA anti body conjugated with gold colloid. 20. A nmethod of
Cl aim 19 wherein the dengue specific immunogeni c conponents are sprayed on
solid surface from dengue virus infected cells or an equival ent thereof.
21. A nmethod of Claim 19 wherein the dengue virus specific inmunogenic
conponents are sprayed on nitrocel | u-dde menbrane. 22. A nethod of O aim
19 wherein the dengue virus specific i munogeni c conponent is selected
fromthe list consisting of structural and non-structural proteins, dengue
virus patehped esruandadtivagimntusodehier eafiporghise aploti@emsininlgi thiedpreadide of a
car bohydrates derived fromthe. dengue viruys. 23. A nethod of Caim22
wherei n tR@ Xrﬁeft fvamaﬁ bw%ﬁﬁlmﬁgn&am@ﬁéla%@ﬂmw %jmi)anqo f epREReEus
envel ope Is r i I j I i . A
ot hod” of s i gnRale PRt S e At L AREAE R D A KB Compiel,
25. A nmetwiddhwharChrai-lpAlhtibledy eonjugdied déhgobl cdllois speci fi ¢ i nmunogeni c
conponent is selected fromthe group conprising dengue virus serotype
i mrunogeni ¢ conponents selected fromthe group consisting of DENT, DENZ2,
DENS and JgENA. A 20:thll FRERAE 101 widrinhd AenhiRr Skt hanfBbhafc e8hpeistLxposure
to a dengue virus serotype selected fromthée group consisting of DENL,
DEN2, DENBrayad oDENid surface fiah dengrevirestingfcted cellson gn evavadem thdreofi munogeni ¢
conponent is an antiidiotypic antibody to an antigen binding site of a
dengue virus anti body generated in response to exposure to a component
derived f210m deREHRHAIINCIEINOT9 MelelMhe AoR@iccatusispbdfic MBmbRAGIARS compbdentd8. A
met hod of Cl aim 27 wherein the binding partner Is an antibody expressed in
an ear | yregmgedem mtrgeaiiglpse wepganenf ect i on, during acute or conval escence
or derived from recent past infection. 29. A nmethod of C aim 19 wherein
t he dengue virus relative is selected fromthe group consisting of yellow
fever vinmds, WsiettNdd o Gladn JE wherdis the3denghe riztdhgebcitic i@inainmgdic whaipenenit he
OO R g T B e Sinemr ot B ot st Gl o viraS 912
particles and fragments thereof, glycoproteins, lipids and carbohydrates derived from the

dengue virus.

23. A method of Claim 22 wherein the structural protein is selected from the group

including envelope proteins, Pr membrane proteins, and nucleocapsid proteins.
24. A method of Claim 23 wherein the structural protein is an envelope protein.

25. A method of Claim 19 wherein the dengue virus specific immunogenic component
is selected from the group comprising dengue virus serotype immunogenic components

selected from the group consisting of DEN1, DEN2, DEN3 and DEN4.

26. A method of Claim 19 wherein the method detects exposure to a dengue virus

serotype selected from the group consisting of DEN1, DEN2, DEN3 and DEN4.

27. A method of Claim 19 wherein the immunogenic component is an antiidiotypic
antibody to an antigen binding site of a dengue virus antibody generated in response to

exposure to a component derived from dengue virus or an immunological relative thereof.




31. A nethod of Claim19 wherein the biological sanple is selected fromthe
group consisting of saliva, blood, serum plasm, cord fluid, B cells,
urine and ammiotic fluid. 32. A nmethod of C aim 31 wherein the biol ogical
sanple is saliva, whole blood, serum | asma or urine. 33. A nmethod of

Cl ai m 30 herein the binding partner is4haracterized using an anti-I|gA

anti body. 34. A nethod of Caim 33 wherein the anti-IgA antibody is
conjugated with gold colloid. 35. A solid support for use in a method of
Caim1l @8.19 A saittbdsepOhih 27omidreiai thg bindagptetnep &cin irtibbdynexmgesi dn an
conponents i nmobilized on the support. 36. A solid s¥ port of Clal 35

sel ect ed PHYHAAg depsteorEissin ff?&%f dypingeagte g gpBYalesgenceyndiived JEmi | e

or a fiber.Qp &guﬁggﬁﬁr a mcrotitre plate, glass slide or bi ol ogi cal
m crochi p or rane including nitrocellul ose nmenbranes,

pol ytetrafl uorethylene nenbrane filters, cellulose acetate menbrane
filters d ce Iulose tra ne fllters th fi ter a carriers.
37. A ki & or A TRGALS e eatpens s eluE s saceied RR e fdue
virus or c%ﬂsmt!ir@%ll@@'f@@érv‘hﬁg aiemeaniidgfe® vigls, f or det ecting dengue virus
exposure conprising a solid - £3- support including a dengue virus specific

I mrunogeni ¢ conponent ‘or equival ent thereof, or a SO|Id support including

a dengue vi rus, specifi enic nent_ or val en t her eof

2t tached Po a ATRER SEpE 2 SHERLuE PIRRS Rpt i i e s it o o
reporter is gieRi thall "ek&HckdigpdsYBENT, BENDIDENTad DERMR! € that fornms a
conplex with the dengue virus speC|f|c i nmmunogeni ¢ conponent; and

optionally instructions for using said kit to further identify the binding

partner of the, %%HP&F £ CPm }s%)‘l]%re?rf thglgl {Hg?’cld \é‘ﬁﬁ SEIQ&F?%{&%E?W”%%E%W

speci fi ¢ “I'imunogeni c conponent zed o roce

39. A Ki tconfistlgai B, Mwﬂesdﬂumhlﬁlasiﬂm@u&i fhbid B cs]mgm-lhe and smmioagEmid
conponent is selected fromthe group consisting of dengue virus structural
and nonstructural proteins, virus particles and fragnents thereof,

gl ycopr otsgi ns, o b S rRA%nE 1 Akl ﬁ%%lggﬁﬁl\’sﬁﬁpﬁé R¥%%iva, whole blood, serum,

plasma or urine.

33. A method of Claim 30 herein the binding partner is characterized using an anti-lgA
-antibody.

34. A method of Claim 33 wherein the anti-IgA antibody is conjugated with gold

colloid.

35. A solid support for use in a method of Claim 1 or 19, said support comprising

dengue specific immunogenic components immobilized on the support.

36. A solid support of Claim 35 selected from the group consisting of a bead, a disc, a
magnetic particle or a fiber optic sensor, a microtitre plate, glass slide or biological
microchip or a membrane including nitrocellulose membranes, polytetrafluorethylene
membrane filters, cellulose acetate membrane filters and cellulose nitrate membrane filters

with filter paper carriers.

37. A kit for detecting IgA in a subject that is specific for a dengue virus or an

immunological relative thereof or for detecting dengue virus exposure comprising a solid




t he dengue virus. 40. A kit of Caim39 wherein the structural proteinis
sel ected fromthe group including envelope proteins, Pr nenbrane proteins,
and nucl eocapsid proteins. 41. A kit of C aim40 wherein the structural
protein is an envel ope protein. 42. A kit of Caim4l wherein the dengue
virus specific inmmnogenic conponent i-$3-selected fromthe group including
dengue virus serotype inmunogeni c conponents DENT, DEN2, DEN3 or DEN4. 43.
A nmet hod of assessing the relative risk of one or nore subjects being
exposed tsappatengueling & dsngie drusispaeifioingivdageniebahporent beeqotalmttthémofh
defined | ocation conprising; .obtaining s%pples froma representatiye

popul at i ¢4 afoHA SHPRTIBFIABE 4 BBgRS Wius PSETICITFBRSBFHC EUPPIIFEEOLFIUE ure

of indi Vitﬂé}@+f IRRRG] @Bec%ﬁégl fo?%gpwaétaaﬂe tdcBof #g&ﬁ%ﬁjugxﬂﬁa@é?qum

i mrunol ogi cal equi val ent the the nethod conprising the steps o
cont act i ngowp for detegligalg /s anpbieldgi@insddyge sheb ffeats avedrhplex mithtthe dengued@mgue

virus specifjc. imunogenic conponents; d. determ ning.the. ence of a
Compl ex CREFITF FPRBETG EAPAReB: A3 AU pRNEFTSHOPh TR A I IS and
a dengue jyi s tRRRdihE PartiBrURAReRLplexcOMPONent and wherein the presence of
the conplex Is indicaiive of exposure of the 3 -44- subject to a dengue

virus or equival ent thereof; and assessing the relative risk of exposure

withint def j ned at ion charagcterizing the bindin artner _in .the
coml ox. S - haT 55 o efehe s hei P e PR R ontl " 45
The net heghn@fhilFcdioNdoubde Waaibeine. t he defined | ocation is a geographica
area, housing estate, neans of transport or center for nedical treatnent

or assessnment. 46. Use of |IgA antibodies specific for dengue virus or an

i mrunol ogjscal Latd Mg. _the . Vi I us- ant i r i genic
component % ner'e 1 Fira Sk rinhe et B s R 8Bt Ao HENNRICT |
prior i nfseleticdmromi tloxX pRSPr@ntistitteofdengueivitus sauctarl iandwoastogineal proediad, i ve
t her eof .

virus particles and fragments thereof, glycoproteins, lipids and carbohydrates derived from

the dengue virus.

40. A kit of Claim 39 wherein the structural protein is selected from the group

- including envelope proteins, Pr membrane proteins, and nucleocapsid proteins.
41.  Akit of Claim 40 wherein the structural protein is an envelope protein.

42. A kit of Claim 41 wherein the dengue virus specific immunogenic component is
selected from the group including dengue virus serotype immunogenic components DEN],

DEN2, DEN3 or DEN4.

43, A method of assessing the relative risk of one or more subjects being exposed to
dengue virus or an immunological relative thereof within a defined location comprising;
obtaining samples from a representative population within a defined location; and
assessing evidence of exposure of individual members of a sample population to a dengue
virus or immunological equivalent thereof by the method comprising the steps of
contacting a biological sample from the subject with a mixture of dengue virus specific
immunogenic components; and determining the presence of a complex that forms between
a binding partner in the biological sample and a dengue virus specific immunogenic

component and wherein the presence of the complex is indicative of exposure of the




-44 -

subject to a dengue virus or equivalent thereof; and assessing the relative risk of exposure

within the defined location by characterizing the binding partner in the complex.

44.  The method of Claim 43 wherein the binding partner is IgA.

45. The method of Claim 43 or 44 wherein the defined location is a geographical area,

housing estate, means of transport or center for medical treatment or assessment,

46. Use of IgA antibodies specific for dengue virus or an immunological relative
thereof or a dengue virus antigen or an immunogenic component thereof in the
manufacture of a POCT to detect current or recent prior infection or exposure to dengue

virus or an immunological relative thereof.




