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SYSTEMS and METHODS for DETECTING INFECTIOUS DISFASES

BACKGROUND

(6081} Infectious diseases, whether or bacterial, viral, or other origin, present acute
and chronie challenges to human health. Many common infections affect the respiratory tract.
Respiratory tract diseascs, particularly infectious respiratory discases of viral and bacterial
origin, arc prevalent in paticnts of all ages, although ofien are more serious in the very young
and the very old. Viruses include DNA viruses and RNA viruses. Bacteria include Gram
positive and Gram negative bacteria, and may ichude mycoplasma (bacteria lacking cell
walls). In addition to diseasg-causing bacteria, some discases, such as, ¢.g., respiraiory
discases, may be caused by other microorganisns such as yeasts, fungi, and other small,
discase-causing organisms,

(6662 An exanple of a common viral cause of respiratory (and other) disorders in
patients is the nfluenza (“flu”) virus, Influenza (“flu”) refers to discase caused by one of
several related RNA viruses of the Orthomyxoviridae tamily, typified by fever, headache,
fatigue, and other symptoms. There are different types of influenza; influenza A and
nfluenza B arc both about equally prevalent in humans. Identification of the strain of flu in a
saraple can help suggest treatments, can help suggest proventive measures to be taken, and
can help to frack such infections in a population.

[8683] Examples of common bacterial causcs of respiratory (and other) disorders
in patients inclade whooping cough, pneumonia, and tuberculosis. Whooping cough s caused
by Bordetella pertussis and 1s typified by fits of violent coughing, which may persist for
weeks. Poeumonia is the name given to respiratory disorders characterized by fluid in the
tungs, coughing, fever, vomiting, fatigue, and other sympioms. Pncumonia may be caused by
bacterial or viral infection; determination of the cause of a particular case is critical in
determining the course of treatment of the patient. Causes of pneamonia inclade
Streptococeus preumonia, Staphviococcus aureus, adenovirus, influcnza viruses, respiratory
syneytial virus, Preumocysiis, jirovecii {a fongus), and other agents. Tuberculosis is caused
by Myvcobacterium tuberculosis, is typified by cough tncluding spitting up blood, chest pain,
chills, fever, night sweats, and other symptoms, and may be fatal.

[3504] Agents that cause infectious respiratory discasces typically differ between
upper respiratory fract discascs and lower respiratory tract disorders; thus, the variety or

range of bacterial or viral agents found in paticots suffering from upper vespiratory disorders
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may be different than those bacterial or viral agents foond in patients suffering from lower
respiratory disorders. However, suceessful diagnosis and treatment of respiratory discascs
often requires identification of diseasc-causing organisias present in a clinical samaple
obtained from a subject suffering, or suspected of suffering, from an infectious respiratory
disorder. Differentiating between organisms typical of epper respivatory and those typical of
lower respiratory disorders may also be critical in the suceessful diagrosis and treatment of
respiratory diseases. In addition, wdentification of other symiptoms and sequelae of respiratory
disorders may aid the successful diagnosis and treatment of respirvatory diseases.

[3685] Sexupally transmitted diseases, whether viral or bacterial, or otherwise, present
particular public health problems since serue paticnts arc reluctant to acknowledge the risks
of, or possible exposure to, such diseases, and may be reluctant to be tested for these discases.
However, lack of testing and resulting lack of information regarding discase statos may lead
to increased spread of such discases, and delays treatment for those affected.

(D086 Some diseases may be detected by blood tests {¢.g., dengue virus, Epstein-
Barr virus, trypanosomal diseases, plasmodium diseases, and others). Some discases may be
detected by analysis of swabs, or fluid obtained from swabs, such as throat swabs, nasal
swabs, cheek swabs, or other swabs. Diseases may also be detected by analysis of urine
samples, and other clinical samples.

1086671 In order to be effective in treating such infectious disorders, lesting must be
timely. However, present methods and systems for testing are often time-consuming,
meonvenicnt for paticnts, meay require sample collection methods or arsounts that are painful
or uncomfortable for patients, and may be expensive. Methods that requive large amounts of
sample, or that require incubation of a sample for a day or days, are often meffoctive at
fimely detection or identification of the cause of 2 respiratory disorder, and thus may not be
helptul in the diagnosis or treatment of infectious respiratory disorders.

108068} In addition, many infectious respiratory disorders present many of the same, or
similar symptoms, s¢ that useful and effective lesting requires testing for the presence of
multiple agents, and of multiple kinds of agents {e.g., viral, bacterial, and fungal). However,
present methods are often Hmited to testing for a single agent or kind of agent, or only a small
pumber of possible agents, imiting the utility of the reselts and raising the hikelihood that the
causal agent may not be identified.

(05697 Thus, improved methods, systoms, and assays for the detection and

dentification of agents that cause diseases, such as infhuenza, respiratory discascs, sexually
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transmitted discases, blood discases, viral diseases, bacterial discases, and other diseases, are

desired.

INCORPORATION BY REFERENCE

[9618] Al publications, patents, and patent applications mentioned io this
specification are herein incorporated by reference to the same extent as if each mdividual
publication, patent, or patent application was specifically and individually indicated to be

imcorporated by reference.
SUMMARY

(00117 Systems, methods, and devices for detecting the presence of markers
mdicative of one or more of a plurality of infectious ageunts in a single clinical sanple, orina
phurality of aliquots of a single clinical sample, are provided. The systems, methods, and
devices disclosed herein may be point-of-service systems, methods, and devices, configured
for use at a point-of-service location, where a point-of-service location may be a location at
which a sample is obtained from a subject.

[68912] In embodiments, Applicants disclose systems, methods, and devices for testing
for presence of one or more of a plurality of markers indicative of an infectious disease in a
single small-volume chinical sample, or aliguots thereof. In embodiments, the system,
method, or device is a pomnt-of service (POS) system, method or device. In embodiments, the
sample is collected at the POS location, and is analyzed in a device at the POS location. In
cmbodiments, the analysis of the small-velume clinical sample is completed in a short period
of time. In embodiments, the infectious disease comprises a respiratory disease. In
embodiments, the infectious disease comprises a respiratory disease selected from an upper
respiratory disease and a lower respiratory discase. In embodiments, the infectious discase
comprises a sexually transmitied discase.

[613] In embodiments, Applicants disclose systems, methods, and devices for
detecting the presence of one or more of a plarality of markers indicative of an infections
discasc in a single small-volume clinical sample, or aliquots thercof. In embodiments, the
system, method or device is a POS system, method or device. In embodiments, the sample is
collected at the POS location, and is analyzed in a device at the POS location. In
embodiments, the snalysis of the small-volume clinical sample is completed in a short period

of time,
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[0614] In embodiments, the infectious disease is a bacterial disease, or a viral disease,
or angther type of disease, and the analysis of the small-volume clinical sample determines
whether the infectious disease is a bacterial discase, a viral disease, or another type of
disease. The determination of the type of nfectious disease aids in determining the type of
treatment to provide to the subject, e.g., where the deternuination indicates the imfecticus
discase is a fungal disease, the subject should be treated with anti-fungal drugs; where the
determination indicates the infectious disease is a yeast infection, the subject should be
treated with anti-yeast drags; and so forth.

[0615] In embodiments, the infectious disease is a bacterial discase. In embodiments,
the analysis of the small-volume clinical sample determines whether the infectious discase s
a bacterial disease. In embodiments where the analysis of the small-volome chinical sample
determines that the infectious disease 18 a bacterial disease, said determination indicates the
use of antibiotics in the treatment of that disease. In embodiments, the infectious diseasc is a
viral disease. In embodiments, the analysis of the small-volume clinical sample determines
whether the infectious discase 1s a viral disease. In embodiments where the analysis of the
small-volume clinical sample determines that the infectious disease is a viral disease, said
determination indicates the use of antiviral drogs fo the treatment of that discase. o
embodiments where the analysis of the small-velume chinical sample determines that the
mnfectious disease is a viral disease, said determination indicates that antibiotics should not be
used in the treatment of that discase. In embodiments, the infectious disease is a bacterial
discase, or a viral discase. In embodiments, the analysis of the small-volimue clinical sample
determines whether the infectious disease is a bacterial disease or a viral discase. Similarly,
where the analysis of the small volume clinical sample determines the infectious discase is a
fungal disease, the subject should be treated with anti-fungal drags; where the determination
mdicates the infectious disease is a yeast infection, the subject should be treated with anti-
veast drugs: and so forth,

[8615] In embodiments, the infectious discase comprises a respiratory discase. In
embodiments, the infectious disecase comprises a respiratory discase selected from an upper
respiratory discase and a lower respiratory disease. In embodiments, the analysis of the small-
volume clhinical sample determines whether the infectious disease is an upper respiratory
discase or a lower respiratory disease. In embodiments, the analysis of the small-volume
clinical sample determines the type of upper respiratory disease or a lower respiratory discase
present in the small volume clinical sample. For example, in embodiments, the apper or
fower respiratory discase is a bacterial disease, or a viral disgase, or another type of disease,

Page 4



WO 2015/035260 PCT/US2014/054424

and the analysis of the small-volame clinical sample determines whether the apper or lower
respiratory diseasc is a bacterial discase, a viral disease, or another type of discase. In
cmbodiments where the analysis of the small-velume chinical sample deteroines that the
upper or lower respiratory disease is a bacterial disease, said determination indicates the use
of antibiotics in the treatment of that disease. In embodiments where the analysis of the
small-volume clinical sample determines that the upper or lower respiratory discase is a viral
discase, said determination indicates the use of antiviral drugs in the treatment of that discase.
In embodiments where the analysis of the small-volume clinical sample determines that the
upper or lower respiratory discase is g viral discase, said determination indicates that
antibiotics should not be used in the treatment of that discase. Similarly, where the analysis of
the small volume chinical sample determines the apper or lower respiratory disease s a fumgal
disease, the subject should be treated with anti-fungal drugs; where the determination
ndicates the infectious disease is a yeast infection, the subjoct should be treated with anti-
veast drugs; and so forth,

(6617} In embodiments, the infectious disease comprises a sexually transmitted
discase. In embodiments, the analysis of the small-vohime clinical sample determines the
type of sexually transmitted disease present in the small volume clinical sample. For
example, in embodiments, the sexually transmitted discase s a bacterial disease, or a viral
disease, or another type of disease, and the analysis of the small-vohime chinical sample
determines whether the sexually transmitted disease is a bacierial discase, a viral discase, or
another type of disease. [n embodiments where the analysis of the small-volume clinical
sample determines that the sexually transmitted disease 1s a bacterial disease, said
determination indicales the use of aniibiotics in the irecatment of that discase. In crubodiments
where the analysis of the small-volome clinical sample determines that the sexually
transmitted disease 1s a viral disease, said deternunation indicates the use of antivival drugs in
the treatment of that disease. In embodiments where the analysis of the small-volume clinical
sampie determines that the sexually transmitted disease is a viral disease, said determination
ndicates that antibiotics should not be used in the treatment of that discase. Similarky, where
the analysis of the small volume chinical sample determines the sexually fransmitted disease
is a fungal disease, the subject should be treated with anti-fungal drugs; where the
determination indicates the infectious discase is a yeast infoction, the subject should be
treated with anti-yeast drugs; and so forth.

[68918] In embodiments of the systems, methods, and devices configared for testing
for a plurality of markers, and in systems, methods or devices configured for detecting a
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plurality of markers, the markers may be indicative of respiratory diseases; in embodiments,
the markers may be tndicative of upper respiratory discases; in embodiments, the markers
may be indicative of Jower respivatory discases. In embodiments, Applicants disclose
systems, methods and devices configared for testing for a plurality of markers, wherein the
respiratory disease markers are indicative of two or more of the group of respiratory disease
markers consisting of adenovirus B, adenovirus C, adenovirus E, Bordetella pertussis,
mycobacteriom twberculosis (MTB), Staphyiococcus aurcus, Methicillin-Resistant
Staphylecoceus aureus (MRSA), Group A streptococcus, and Group B streptococcus. In
cmbodiments, Applicants disclose systems, methods and devices configured for testing for a
plurality of markers, wherein the respiratory discase markers are indicative of two or more of
the group of respiratory discase markers consisting of adenovirus B, adenovirus C,
adenovirus E, Bordetelia pertussis, Bordetella parapertussis, mycobacteriinm toberculosis
(MTRB}, Staphylococcus aurcus, Methicillin-Resistant Staphylococcus aurcus (MRSA), Group
A streptococcus, Group B streptococcus, Moraxella catarrhais, Enterobactor acrogenes,
Haemophilus parsinfluenrzae, Metapneumo Virus, Streptococcus pucumonia, Parainfhienza
Virus 1, Parainfluenza Virus 2, Parainfluenza Virus 3, Coronavirus OC43, Coronavirus
NL63, Coronavirus MERS, Coronavirus HK U1, Coronavirus 2298, Klibsiella pneumonia
phokE, Kliebsiella pneomonia KPC, Bocavirus type 2,4, and Bocavirus type 1,3, In
embodiments, the respiratory disease markers are indicative of three or more, or of four or
morg, or of five or more, or of six or more, or of seven or more, or of eight of that group of
respiratory discase markers.

[619] In embodiments of the systerns, methods, and devices configured for testing
for a phurality of markers, and in systems, methods, and devices configured for detecting a
phurality of markers, the markers may be indicative of sexually transmitted discases. In
embodiments, Applicants disclose systems, methods, and devices configured for testing fora
phorality of markers, wherein the sexually transmitted disease markers are indicative of two
or more of the group of markers consisting of herpes simplex virus (HSV), human
mmmunedeficiency virus (HIV), streptoceccus B, and treponema pallidun. In embodiments,
Apphcants disclose systems, methods, and devices configured for testing for a plurality of
markers, wherein the sexually transmitted discase markers are indicative of two or more of
the group of markers consisting of HIV-2 Group A, HIV-2, Group B, HIV-1 Group M,
Hepatitis B, Hepatitis Delta, herpes simplex virus (HSV), streptococcus B, and treponema
pallidum. In embodiments, the sexually transmitted disease markers are indicative of three or
more, or four of that group of sexually transmitted discase markers.
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[9626] In embodiments of the systems, methods, and devices configured for testing
for a pharality of markers, and in systems, methods, and devices configured for detecting a
plurality of markers, the markers may be indicative of influcnza. Tn embodiments, Applicants
disclose systerns, methods, and devices configured for testing for a plurality of markers,
wherein the infhienza markers are indicative of infloenza A and of infleenza B. In
embodiments, Applicants disclose systems, methods, and devices configured for testing fora
phurality of markers, wherein the influenza markers are indicative of two or more of the group
of markers consisting of the following forms of influenza: HINI (seasonal), HINI (novel),
H3N2Z, H7N® (hemagglutinin gene marker (HA) and neoraminidase gene (NAY), and H5NT
Tn embodiments, the tnfluenza markers are fndicative of three or more, ot four or more, o
five of that group of mfluenza markers. In embodiments, the influenza markers may be
nfluenza Matrix Protein markers, or may be influenza neuraminidase protein markess, or
may be influenza hemagglotinin markers, or other influcnza markers. In embodiments, the
anafysis of the srmall-volume clinical sample determines whether the infectious disease is an
mfluenza. In embodiments, the analysis of the small-vohome clinical sample determines the
type of influcnza present in the small volume clinical sample. In embodiments where the
analtysis of the small-velome clinical sanple determines that the infectious disease is an
mfluenza (which is a viral disease), said deternunation indicates that antibiotics should not be
used in the treatment of that disease. In embodiments where the analysis of the small-vohime
clinical sample determines that the infectious discase is an influenza, said determination
wmdicates that antiviral drugs should be used in the treatment of that disease.

[0621] In embodiments of the systerns, methods, and devices configured for testing
for a phurality of markers, and in systems, methods, and devices configured for detecting a
plurality of markers, the markers may be indicative of diseases and discase markers which
may be detected by analysis of a blood sample. In embodiments, such diseases and disease
markers which may be detected by analysis of a blood sample include West Nile Virus,
Epstein-Barr Virgs, plasmodivm, Trypanosoma cruzi, and Dengue Virus {including types 1,
2,3, and 4).

[6022] Samples from the throat of a subject may be obtamed, e.g., by a throat swab;
samples obtained from the nose of a subject may be obtained, e.g., by a nasal swab. In
embodiments, samples obtained from the throat and from the nose of a subject may be tesied
together. In embodiments, testing of samples obtained from the throat, or from the nose, or
from both the nose and from the throat, may be tested by nucleic acid analysis; or by amino

acid analysis (e.g., ELISA or other antibody-based or binding protcin-based analysis); or by
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general chemistry analysis; or by cytometric analysis; or by combinations thercof. For
example, samples may be tested by nucleic acid analysis and by amino acid analysis. Such
tests may be used to determine how long a subject has had an infection, for example, by
noting the delay in rise of levels of antibodies indicative of a particular disease in the sample;
or by tracking the rise in the levels of antibodies indicative of a particular disease in the
sample over time {e.g., by repeated testing over time). Similarly, such testing may be used to
detect, or to determine, the effect of treatment, by noting the delay in tise of levels of
antibodies indicative of a particolar disease in the sample; or by tracking the rise in the levels
of antibodies indicative of a particular disease in the sample over Hime (2.g., by repeated
testing over time). In embodiments, samples from throat and from nose may be included ina
single solution, and tested together. In embodiments, samples from throat and from nose may
be in separate vessels {e.g., sample containers), but both included in a single cartridge, and
the separate vessels tested at the same time. Such testing at the same time may comprise
testing the vessels separately, or may include mixing the comtents of the vessels and testing
the mixtore.

[$623] In embodiments, Applicants disclose systems, metheds, and devices
configured for identifying, or estimating, or otherwise determining the stage of an infection in
a subject by detecting, or determining the amovunts of, or both, both nucleic acid markers
mdicative of a particular infection and antibody markers indicative of the same infection.
Such systems, methods, and devices may be used to detect, measure, and track such markers
over tinae, effective to provide an estimate or determination of how recently an infection
occurred. Such systems, methods, and devices may be used to detect, measure, and track such
markers over time, effective to aid in ovaluating the present status of a subject suffering from
an infection. Such systems, methods, and devices may be used to detect, measure, and track
such markers over time, effective to aid in determining the hikely prognosis of a subject
suffering from an infection. For exarmple, where nocleic acid markers indicative of a
particular infection are relatively numerous, while aniibody or other proicin markers
mdicative of that particular infection are relatively sparse, then @ can be cstimated or
determined that the mmfection is a recent infection; however, where nucleie acid markers
imdicative of a particelar infection are relatively numerous, and antibody or other protein
markers indicative of that particular infection are also relatively numerous, then it can be
estimated or determined that the mmfection is not a recent infection, since the subject has had
the time to produce infection-specific antibodies. Where nucleic acid markers indicative of a
particular infection arc relatively sparse, and antibody or other protein markers indicative of
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that particular infection are also relatively numerous, then it can be estimated or determined
that the infection in a lale stage, and indicates that the infection is waning, since such
observations indicate that the subject 18 overconting the infection.

{05241 fn embodiments, Applicants disclose systems, methods, and deviees
configured for testing for a plurality of markers, and disclose systems configured for
detecting a plurality of markers, where the markers arc indicative of a plurality of infectious
diseases in a single smalk-volume clinical sample, or aliquots thereof. In embodiments, the
systems, methods, and devices may be configured for testing for, or for detecting, markers
indicative of more than about 8 different diseases, or more than about 8 different discases, or
maore than about 12 different discases, or niore than about 16 different diseases, or more than
about 2{ different diseases, or more than about 25 different diseases, or more than about 38
different diseases, or more than abouot 45 different discases, or more than about 60 different
discases. In embodiments, the systems, methods, and devices may be configured fo test for,
or to detect a plurality of nucleic acid markers and protein markers, cach marker being
imdicative of at least one of a plorality of diseases or conditions. In embodiments, the
systems, methods, and devices may be configured to test for, or to detect a plurality of
nucleic acid markers, protein markers, and cytometric markers, cach marker being indicative
of at least one of a plurality of discases or conditions. In embodiments, the systems, methods,
and devices may be configured to test for, or to detect a plurality of nucleic acid markers,
proiein markers, cytometric markers, cyiokines, and markers of inflammation, cach marker of
cytokine being indicative of at least one of a plurality of diseascs or conditions. In
embodiments, the systems, methods, and devices comprise a point-of service system. In
cembodiments, the sample may be collected at the point of service, and may be analyzed ina
device at the POS location. n erabodiments, the analysis of the small-volume clinical sample
may be completed 1n a short period of fime.

1086251 In embodiments, the infectious discase comprises a respivatory disease. In
embodiments, the infectious disease comprises a respiratory discase selected from an upper
respiratory discase and a lower respivatory disease. In embodiments, the analysis of the small-
volume clinical sample determines whether the infectious discase is an upper respiratory
discase or a lower respivatory disease. In embodiments, the analysis of the small-volume
clinical sample determines the type of upper respiratory disease or a lower respiratory disease
present in the small volume chinical sample. In embodiments, the respiratory discase
comyprises a respiratory discase caused by a discase-causing agent selected from a virus, a
bacterium, a yeast, a fungus, a mycoplasma, and other micro-organisms. in embodiments, the
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analysis of the small-volume clinical sample determines the type of upper respiratory discase
or a lower respiratory disease preseut in the small volume clinical sample. In embodiments,
the analysis of the small-volume clinical sample determines whether the upper respiratory
discase or a lower respivatory discase is a viral disease, or a bacterial disease, or some other
type of discase. In embodiments in which the analysis of the small-vohime clinical sample
determines that the discase is a viral discase, said determination indicates that antibiotics
should not be used in the treatment of that disease. In embodiments where the analysis of the
small-vohime clinical sample determines that the disease is a viral disease, said determination
indicates that antiviral drogs should be used in the treatment of that discase. In embodiments
in which the analysis of the small-volume chinical sample determines that the discasc is a
bacterial disease, said deternination indicates that antibiotics should be used in the treatment
ot that disease.

[8926] In embodiments, the infectious discase comprises a sexually transmitted
discase. fn cmbodiments, the sexually transmitied discase comprises a sexually transmitied
discase caused by a discase-causing agent selected from a virus, a bacterium, a yeast, a
fongus, 3 mycoplasma, and other micro-organisms. In embodiments, the analysis of the
small-volume clinical sample determaines the type of sexually transmitted discase present in
the small volume chinical sample. In embodiments, the analysis of the small-volume clinical
sample determines whether the sexually transmitted disease 1s a viral disease, or a bacterial
disease, or some other type of disease. In embodiments in which the analysis of the small-
volume clinical sample determines that the discase is a viral disease, said determination
mdicates that antibiotics should not be used in the treatment of that disease. In embodiments
where the analysis of the small-volume clinical samplc determines that the discase is a viral
discase, said determination indicates that antiviral drugs should be used in the treatment of
that disease. In embodiments in which the analysis of the small-volome clinical sample
determines that the discase is a bacterial disease, said determination indicates that antibictics
should be used in the treatment of that discase.

(6627} Applicant further discloses a method of determining the state of
response to a disease in a subiect, the method comprising: a) introducing a clinical sample
mto a sample processing device, said sample having been obtained from a subject suspected
of suffering from a disease caused by a disease-causing organism, said clinical sample having
a volume of no greater than 500 microliters, wherein the device comprises: 1) a sample
handling system; it} a detection station; and 111} an assay station comprising at least a first and
a sccond independently movable assay unit; by with the aid of the sample handiing system,
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transferring a portion of the clinical sample to each of the first and second assay units,
wherein an assay for the detection of a nucleic acid indicative of the discasc-causing
organism is performed io said first assay unit, and an assay for the detection of antibodies to
the disease-causing organism is performed in the second assay unit; ¢) transferring the first
and second assay units to the detection station with the aid of the sample handling system; d}
obiaining data measurements with the aid of the detection station, said data measurements
comprising determining the level of nucleic acid indicative of a discase organisnt in the
sample, and determining the level of antibodics directed to that disease organism in the
sample; and ¢} 1) determining that the imfection is a recent infection, and io an carly stage of
the discase, where the level of nucleic acid indicative of a discase organism is high and the
level of antibodies directed to that disease organismo is low or normal; 1) determining that the
mfection is not a recent infection, and not in an carly stage of the disease, where the level of
nucleic acid indicative of a discase organism is high and the level of antibodies directed to
that discase organisma is high; and i1) determining that the infection is @ waning infection, and
in a late stage of the discase, where the level of nucleic acid indicative of a disease organism
is low or normal and the level of antibodies directed to that diseasc organism is high, where a
normal level of a marker is the level of that marker determined in a healthy population of
normal subjects, where a high level is one that significantly exceeds a normal level as
determined in a healthy population, and a low level is one that is at or below the normal level
as determined in a healthy population.

[06028] In embodiments, the methoed of determining the state of respounse to a discase
n 4 subject further comprises detecting the level of inflammatory eytokines. In embodiments
of the method of determining the state of response to a disease n a subject, the device further
comprises a cytometry station comprises an imaging device and a stage for receiving 2
microscopy cuvetie, and the method further comprises tmaging a white blood cell in a blood
sample obtained from the subject. In embodiments, imaging a white blood cell in a blood
sample obtained from the subject comprises detecting the level of a white blood cell type ina
blocod sample obiained trom the subject, and deterodning whether said detected level of said
type of white blood cell is above, at, or below a normal level for that type of blood cell,
wherein the normal level for that type of white blood cell is determined by the level of that
type of white blood cell in blood samples from a healthy population.

(6929 Tests may be for the detection of markers indicative of any infectious discase.
For example, discases that may be tested for include respivatory diseases, and inchide upper
respiratory diseases and lower respiratory discases. Markers may include nucleic acid
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markers, protein markers, polysaccharide markers, celludar markers (including cells and
cellular organclles or fragments), and other markers. Markers may include markers for viral
nfections, hacterial infections, fungal infections, yeast mfections, mycoplasma infections,
and for other infections. Samples may be tested for markers indicative of inflammation.
Samples may be tested for cytokines. Samples may be tested for inflammatory cytokines.
Samplecs may be tested for anti-inflammatory cytokinegs. The amount of dilution of a sample,
or a level of detection of a marker, may be determined by the condition or past history of 2
subject.

(0636 Test results may be obtained within three hours, or two hours, or one hour, or
%% hour, ot less from the time a sample is placed in a testing device for analysis. A sanple
may be placed in a testing device for analysis within five hours, or four howurs, or three hours,
or two hours, or one hour, or 4 hour, or less from the time a sample was obtained from a
subjoct. Tost resulis may be obtained within eight hours, seven hours, or six hours, or five
hours, or three hours, or two hours, or one hour, or %2 hour, ot less from the time a sample
was obtained from a subject.

[6031] In embodiments, Applicant discloses a method of detecting a discase marker,
comprising: a) infroducing a cartridge comprising one or more samples into an automatic
sample processing device, said cartridge being configured to hold at least one sample and
being configured to hold a swab, wherein said automatic sample processing device
comprises: 1) a sample handling system configured to transport at fcast a portion of a sample
and being configured to transport an independently movable assay unit; and it} an optical
detector; b) contacting a sample, or a portion thereof, with a movable assay unit, or a reagent,
or both, for the performance of an assay for the detection of a discase marker, said contacting
comprising transporting, with the aid of said sample handling system, at least a portion of
said sample, or a movable assay unit, or a reagent, or combinations thereof] ¢} positioning
said sample, or portion thereof, at a location suitable for detection of an optical signal from
the sample or portion thereof by said optical detector; and d) detecting the presence of a
discase marker. In embodiments, such a method may comprise performing two or more
assays for the detection of discase markers, and detecting two or more disease markers in said
one or more samples, or in one or more portions thereof. In embodiments, the sample has a
volume of legs than about 300 microliters (ul). In embodiments, the ong or more samples
comprises a blood sample; or comprises a sample obtained using a swab; or comprises both a
blood sample and a sample obtained using a swab. In embodiments, a sample obtained using
said swab may be oblained by swabbing a mouth, a throat, a nasal passage, a vaginal area, or
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other body cavity of a sebject. In embodiments, the method comprises detecting the presence
of a nucleic acid discasc marker and a protein discase marker.

(6931 The methods disclosed herein include performing two or more assays for the
detection of discase markers, and detecting two or more disease markers n said samples, or
i one or more portions thereof, In embodiments, the methods comprise detecting the
prescnce of a nucieic acid discase marker and a protein discase marker. fn cmbodiments, the
disease marker is selected from a nucleic acid disease marker, a protein discase marker, a
saccharide, a prostaglandin, a cytokine, histamine, a steroid, and a marker for inflammation,
In embodiments, two or more discase markers are detected, wherein the discase markers are
selected from a nucleic acid discase marker, a protein discase marker, a saccharide, a
prostaglandin, a cytokine, histamine, a steroid, and a marker for inflammation. In
gmbodiments, a discase marker is a marker for inflammation selected from prostaglandins,
tomor necrosis factor alpha (TNF-g), interleukin-1 (1L-1), interleokin-8 ($L-8), interleukin-12
(11.-12}, interferon gamma (IF-y), bradvkinin, complement systera molecules, blood-clotting
factors, C-reactive protein, erythrocyte sedimentation rate (ESR), white blood cell count, and
morphological changes in blood and other celis.

[8633] In embodiments, a discase marker is 2 marker for a discase-causing ageut,
wherein said discase-causing agent is selected from the group of discase-causing organisms
consisting of a virus, a bacteriom, a mycoplasm, a fungus, a yeast, and other micro-
organisms, In embodiments, a disease marker for a disease-causing agent is selecied from the
group consisting of Influcnza A Matrix protein, Influenza H3N2, Influenza HINT seasonal,
Influenza HINT novel, Inflaenza B, Streptococcus pyogenes (A}, Mycobacterium
Tuberculosis, Staphylococcus aurcus (MR), Staphyiococcus aurcus (RS), Bordetella pertussis
(whooping cough), Streptococcus agalactiae (B), Influcnza H3NI, Influcnza H7NG,
Adenovirus B, Adenovirus C, Adenovirus E, Hepatitis b, Hepatitis ¢, Hepatitis delta,
Treponema pallidum, HSV-1, HSV-2, HIV-1, HIV-2, Dengue 1, Dengue 2, Dengus 3,
Diengue 4, Malaria, West Nile Viros, Trypanosoma cruzi (Chagas), Kichsiclla pneemoniae
(Enterobacteriaceae spp), Kliebsicla pneunoniac carbapenemase (KPC), Epstein Barr Virus
{mono}, Rhinovirus, Parainfluenza virgs (1}, Parainfluenza virus (2), Parainfluenza virus (3},
Parainfloenza virus (4a), Parainflucnza viros (4b}, Respiratory syncytial virus (RSV) A,
Respiratory syncytial virus (RSV) B, Coronavires 229E, Coronaviras HKUT, Coronavirs
OC43, Coronavirus NL63, Novel Coronavirus, Bocavirus, human metapneumovirus
(HMPV), Streptococcus pnoumoniace (penic R}, Streptococcus pneumoniae (5), Mycoplasma

preumoniac, Chiamydia pneumoniae, Bordetella parpertussis, Hacmophilus influenzac
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{ampic R), Haemophilus influenzae (ampic S), Moraxells catarrhalis, Pseudomonas spp
{acruginosa), Hacmophilus parainfluenrae, Enterobacter cloacae {Enterobacieriaceac spp),
Enterobacter acrogencs {Enterobacteriaceac spp), Serratia marcescens {Huterobacteriaceae
spp), Acinetobacter baumanti, Legionella spp, Escherichia coli, Candida, Chlamydia
trachomatis, Human Papilloma Virus, Neisseria gonorrhoeae, plasmodimm, and Trichomonas
(vagin).

[8034] In embodiments, the methods comprise detecting a discase marker 1n a blood
sample and detecting a disease marker in a sample obtained from a swab, wherein one of said
discase markers is a marker for inflammation, and one of said diseasc markers a marker for a
discasec-causing agent. In embodiments, such a discase marker for inflammmation is selected
from prostaglanding, tmor necrosis factor alpha (TNF-g), interlenkin-1 (1L-1), interleukm-8
(IL-8), interlenkin-12 (IL-12), interferon gamma (IF-y), bradykinin, complement system
molecules, biood-clotting factors, C-reactive protein, erythrocyie sedimentation rate {ESR),
white blood cell count, and morphological changes in blood and other cells, and such a
discase marker for a disease-caosing agent is selected from the group of disease-causing
organisms consisting of a virus, a bactertum, a mycoplasm, a fungus, a yeast, and other
HHCT(-0T ganis ms.

[6835] In embodiments, a disease marker 15 a marker for a disease selected from
mfluenza, a respiratory disease, a sexually transmitted disease, and another infectious discase.
In embodiments where the disease is influenza, the discase marker is selected from HINI
(scasonal), HINT {(vovel), H3NZ, H7NY, and HAN1. In emobodiments, the discase 15
respiratory discase selected from an upper respiratory discase and a lower respiratory discase.
In embodiments where the disease is a respiratory disease, the marker may be a marker for a
discasc-causing organism sclected from the group cousisting of adenovirus B, adenovirus C,
adenovirus E, Bordetelia pertussis, mycobacterium tuberculosis (MTB), Staphylococcus
aurcus, Methicillin-Resistant Staphylococeus sureus (MRSA), Group A streptococeus, Group
B streptococcus, Moraxella catarrhalis, Enterobacter acrogenes, Haemophilus parainfluenzag,
Metapneumo Virus, Streptococcus pneumonia, Parainfluenza Virus 1, Parainfluenza Virus 2,
Parainfluenza Virus 3, Coronavirus 0C43, Coronavirus NL63, Coronaviras MERS,
Coronaviras HKUL, Coronaviras 229E, Klibsiella pnecumonia phoE, Klebsiclla pneumonia
KPC, Bocavirus type 2.4, and Bocavinas type 1,3

(68361 In embodiments where the disease is a sexually transmitted disease, the
marker may comprise a marker for a disease-caosing orgapism indicative of a sexually
transmitted disease selected from herpes simplex virus (HSV), human immuncedeficiency
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virgs (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis B, Hepatitis Delta,
herpes simplex viras (HSV), streptococcus B, and treponema pallidum.

(868371 In embodiments, the method comprises detecting a disease marker in a blood
sample and detecting a discase marker in a sample obtaimed from a swab, wherein at least one
ot said discase markers is a marker for a discase-causing organism indicative of a respiratory
discase sclected from the group consisting of adenovirus B, adenovirus C, adenovirus E,
Bordetella pertussis, mycobacterium tuberculosis (MT8B), Staphylococcus aurcus,
Methicillin-Resistant Staphylococcus aureus (MRSA), Group A streptococeus, Group B
strepiococcus, Moraxella catarrhalis, Enterobacter acrogenes, Hacmophilus parainfluenzae,
Metapneumo Virus, Streptococcus pneumonia, Parainfluenza Virus 1, Parainfluenza Virus 2,
Paraintluenza Virus 3, Coronavirgs OC43, Coronavirus NL63, Coronavirus MERS,
Coronavirus HE UL, Coronavirus 229E, KlibsicHa pneamonia phoE, Klebsiella pneumonia
KPC, Bocavirus type 2,4, and Bocavirus type 1,3

[6038] In embodiments where the disease 1s an infectious disease, the disease marker
may comprise a marker for an infectious discase-causing agent selected from the group
consisting of West Nile Virus, Epstein-Barr Vires, plasmodiam, Trypanosoma cruzi, and a
Dengue Virus,

[6939] In embodiments comprising detecting a disease marker in a blood sample and
detecting a disease marker in a sample obtained from a swab, wherein at least one of said
discase markers is a marker for a discasc-causing organism indicative of 8 sexually
transmitted discase selected from herpes simplex virus (HSV), buman tmownodeficiency
virus (HIV}), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis B, Hepatitis Delta,
herpes simplex viras (HSV), streptococcus B, and treponema pallidum.

(6640 in embodiments comprising detecting a discase marker in a blood sample and
detecting a disease marker in a sample obtained from a swab, wherein at least one of said
disease markers is a marker for a discase-causing agent selected from the group consisting of
West Nile Virus, Epsicin-Barr Virus, plasmodivm, Trypanosoma cruzi, and a Denguoe Virus.

[8641] In embodiments of the methods of detecting a disease marker, the method is a
point-of service method performed at a point-of-service location. In embodiments of methods
of detecting a discase marker, the method may be performed in less than about 46 minutes. In
embodiments comprising detecting a disease marker in a blood sample and detecting a
disease marker in a sample obtained from a swab, the method is a point-of service method

performed at 8 point-of-service location. In embodiments comprising detecting a disease

In=
N
=3
4]
.
W



WO 2015/035260 PCT/US2014/054424

marker in 2 blood sample and detecting a disease marker in a sample obtained from a swab,
the method may be performed o less than asbout 40 minutes.

(6642 For example, Applicant discloses herein a method of determining the stage of
an infection in a subject suffering from an infection, comprising: Testing at least one sample,
or an aliqoot or aliquots thereof, obtained from said subject 1) for the presence of a nucieic
acid indicative of the infection, and 2) for the presence of an antibody indicative of the
mnfection, and Determining whether the relative amounts of a) nucleic acids indicative of the
mfection and b) antibodies indicative of the infection indicate that the infection is a recent
infection, wherein 1) a greater relative amount of the nucleic acids indicative of the infection
as compared to the relative amount of the antibodies indicative of the infection indicate that
the infection is a recent infection, and 1) a sigoificant amount of antibodies to the infectious
agent tndicate the infection is not a recent infection. In embodiments of such a method, the at
least one sample comprises a blood sample. in embodiments of such a method, the at least
one sample comprises a sample sclected from 2 throat swab sample, a check swab sample,
nasal swab sample, a saliva sample, and a blood sample. In embodiments of such a method,
where a significant amount of antibody to the infectious agent is detected, and where nucleic
acid markers indicative of the infectious agent are relatively sparse, then the method indicates
that the infection is in a late stage and that the infection is waning.

[08843] In embodiments, sach a method may further inclode testing 8 sample or
samples for a marker for inflammation. In cmbodiments, the marker for inflammation may be
selected from a prostaglandin, tumor vecrosis factor alpha (TNF-q), interleukin-1 (IL-1),
mterleukin-8 (1L-8), interleudin-12 (IL-12), interferon gamoma (IF-y), bradykinin, a
complement system molecale, a blood-clotting factor, and a morphological change in a blood
or other cell. In erobodiments, the marker for inflavunation is a cytokine selected from a
Iymphokine, a chemokine, an mterleukin, and an interferon.

(0044} In embodiments, a method disclosed herein comprises testing to determine
whether the subject suffers from a bacterial infection, a viral infection, a yeast infection, a
mycoplasma infoction, & fungal infection, other infection, or combination thercof. 1o
embodiments, such testing comprises determining whether markers indicative of viral
mfection or markers indicative of bacterial infection are detected, effective to determine
whether the subject seffers from a bacterial infection or a viral infection.

[6045] In embodiments of the methods disclosed herein, the methods further
comprise prescribing a preseription soitable for treatment of the infection. In embodiments,
methods disclosed herein comprise providing a prescription suitable for treatment of said
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mfection comprises prescription of an antibiotic when the testing determines that the subject
suffers frony a bacterial infection. In embodiments, methods disclosed hersin comprise
providing a prescription suitable for treatment of said mfection comprises the prescription of
an anti-mycoplasmal drug when the testing determines that the subject suffers from a
mycoplasmal infection. In embodiments, methods disclosed herein comprise providing a
prescription suitable for treatment of said infection comprises the prescription of an anti-viral
drug when the testing determines that the subject suffers from a viral fnfection. In
embodiments, methods disclosed herein comprise providing a prescription suitable for
reatment of said infection comprises avoiding the prescription of an antibiotic, when the
testing determines that the subject suffers from a viral infection. In ombodiments, methods
disclosed herein comprise providing a prescription suitable for treatment of said infection
comprises avoiding the preseription of an antibictic, and providing the prescription of an anti-
viral drug, when the testing determines that the subject suffers from a viral infection. In
embodiments, methods disclosed herein comprise providing a prescription suitable for
reatment of said infection comprises the prescription of an anti-fimgal drug when the testing

ctermines that the subject suffers from a fungal infection. In embodiments, methods
disclosed hercin comprise providing a prescription suitable for treatment of said jnfection
comprises the prescription of an anti-yeast drug when the testing determines that the subject
suffers from a yeast infection.

[8046] In embodiments, the methods comprise detecting a disease, wherein the
discase detected is caused by a disease-causing agent selected from the group of disease-
causing organisms consisting of a virus, a bacterium, a mycoplasm, a fungus, a yveast, and
other micro-organisms, and further comprising providing a prescription for the suitable
treatment of said virus, bacterium, mycoplasm, fungus, yeast, or other micro-organism.

(6847 fn embodiments, the methods are point-of service methods performed at a
point-of-service location. In embodiments, the methods comprise performing a phurality of
assays on a single smali-volume clinical sample, or on aliquots theveof, and may be
performed in ess than about 40 minutes. In embodiments, the infection is caused by a discase
selected from nfluenza, a respiratory disease, a sexually transmitted disease, and another
mfecticus disease. In embodiments where the infection comprises influenza, the influenza
may be selected from HINT (scasonal), HINI (novel), H3NZ, H7NY, and H5N1. In
embodiments where the infection comprises a respiratory discase, the fnfection may be
selected from an upper respiratory disease and a lower respiratory disease. In embodiments,
the respiratory disease is selected from the group consisting of adenovirus B, adenovirus C,
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adenoviras E, Bordetelia pertussis, myeobacterium tuberculosis (MTR), Staphylecoccus
aurcus, Methicillin-Resistant Staphylococcus aurcus {(MRSA), Group A streptococcus, Group
B streptococcus, Moraxella catarrhalis, Enterobacter acrogenes, Haemophilus parainfluenzac,
Metapneumo Virus, Streptococcus prewmomia, Paraintluenza Virus 1, Parainfloenza Virus 2,
Parainfluenza Virus 3, Coronavirus OC43, Coronavirus NL63, Coronavirus MERS,
Coronavirus HK U1, Coronavirus 229E, KlibsicHa pneumonia phoE, Klicbsiclia pucumonia
KPC, Bocavirus type 2,4, and Bocavirus type 1,3,

[8648] In embodiments, the infection comprises a sexually transmitted disease
selected from 2 disease caused by herpes simplex virus (HSV), human invounodeficiency
virus {(HIVY, HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis B, Hepatitis Delta,

herpes simplex virus (HSV), streptococcus B, and treponema pallidumn. In embodiments, the
mfection comprises a disease caused by an infectious diseasc-causing agent selected from the
group consisting of Influenza A Matrix protein, Influenza H3INZ, Influenza HINT seasonal,
Influenza HINT novel, Intfluenza B, Streptoceccus pyogenes (A), Mycobacterium
Tuberculosis, Staphylococcus aureus (MR}, Staphylococcus aureus (RS), Bordetella pertussis
{whooping cough), Streptococeuns agalactiae (B), Influenza HANIL, Influenza H7TNG,
Adenovirus B, Adenovirus C, Adenovirus E, Hepatitis b, Hepatitis ¢, Hepatitis delia,
Treponema pallidum, HSV-1, HSV-2, HIV-1, HIV-2, Dengue 1, Dengue 2, Dengue 3,
Denguoe 4, Malaria, West Nile Viros, Trypanosoma cruzi (Chagas), Klehsiella pneomoniae
(Enterobacteriaceae spp), Klebsicla pneumoniac carbapencmase (KPC), Epstein Barr Virgs
{mone}, Rhinovirus, Parainfluenza virgs (1),  Paraintluenza virus (2), Parainflucnza virus
{3), Parainfhuenra virus (4a), Parainfluenza virus {4b), Respiratory syncytial virus (RSVY A,
Respiratory syncytial virus {(RSV) B, Coronavirus 229E, Coronavirus HKUI, Coronavirus
(OC43, Coronavirus NLG3, Novel Coronavirus, Bocavirus, human metapneumovirus
(HMPV}, Streptococcus pncumondace {penic R}, Streptococcus pneumoniac (3), Mycoplasma
prcumoniae, Chiamydia pneamoniae, Bordetella parpertassis, Hacmophilus influenzae
(ampic R}, Hacmophilus influenzac (ampic S), Moraxella catarrhalis, Pscudomonas spp
(acruginosa), Hacmophilus parainfluenzac, Eoterobacter cloacae (Enterobacteriaceac spp),
Enterobacter aerogenes {Euterobacteriaceac spp), Serratia marcescens { Enterobacteriaceae
spp}, Acinetobacter baumanti, Legionella spp, Escherichia coli, Candida, Chlamydia
trachomatis, Human Papilloma Virus, Neisseria gonorrhoeae, plasmodiom, and Trichomonas
{vagin}.

{8049} In embodiments, the infection comprises a bacterial infoction caused by

bacteria selected from the group consisting of Bordetella pertussis, mycobacierium
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tibercudosis (MTR), Staphylococeus aurcus, Methicillin-Resistant Staphylococcus awreas
{MRSA), Group A streptocoecus, Group B streptococcus, Moraxella catarrhalis, Enterchacter
acrogenes, Haemophilus parainflucozae, Streptococcus pneunonia, Klibsiella pneumonia
phokE, Klebsiella pneomomnia KPC, and treponema pallidum.

108858} In embodiments, the infection comprises a viral infection caused by a virus
selected from the group consisting of an influenza virus, herpes simplex viras (HSV), human
imnunodeficiency virus (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis
B, Hepatitis Delta, herpes simplex virgs (HSV), West Nile Virus, Epstein-Barr Viros, a
Dengue Virus, adenovirus B, adenovires C, adenovirus E, Metapneumo Virus, Parainfluenza

Virus 1, Parainfluenza Virus 2, Parainfluenza Virus 3, Coronavirus OC43, Coronavirus

-
b

Bocavirus type 1,3, In embodiments of infloenza infections, the influenza may be selected
from HINT (seasonal), HINI (novel), H3NZ, H7N9, and HSN1 influenza viruses. In
embodiments, a viral infection comprises infection by a Dengue viras, wherein said Dengue
virus is selected from Dengue viras type 1, Dengue virus type 2, Dengue virus type 3, and
Dengue virus type 4.

(88514 A bill for the testing may be automatically generated at the POS. The amount
of the bill may be calculated per the tests performed, or pursuant to the results of the testing,
A bill for the testing may be agtomatically sent to the subject’s insurance provider. Payment
for the festing may be automatically obtained from the subject, or from the subject’s
msurance carvier, or from another source.

[6052] A prescription for treatment of a detected disorder may be provided at the POS
location. A preseription for treatment of a detected disorder may be filled at the POS location.
A bili for the filled prescription may be automatically generated. A bill for the prescription
may be antomatically sent to the subject’s insurance provider. Payment for the filled
prescription may be astomatically obtained from the subject, or from the subject’s nsurance
carricr, or from another source.

[6053] Accordingly, Applicanis provide systems, methods, and devices for rapid
analysis of a small-vohume clinical sample in a short period of time. Such rapid analysis
inchudes testing for the presence of markers indicative of a plurality of discase-causing agents
in a short period of time. In embodiments, such diseasc-causing agents inchude agents which
cause upper respiratory disorders, and include agents which cause lower respiratory
disorders. In embodiments, such systems, methods, and devices are configured to detect one
or more indicators of inflammation. In embodiments, such systoms, methods, and devices are
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configured to detect one or more cytokines. In embodiments, such systems, methods, and
devices arc configured to detect one or more inflanunatory cytokines. In cmbodiments, such
systems, methods, and devices are configured to detect one or more anti-inflammatory
cyiokines.

[08054] In embodiments, Applicants provide systems, methods, and devices for
detecting a plurality of discase-causing agenis in a single clinical sample, or in a phorality of
aliguots of a single clinical samaple. In emabodiments, 2 single clinical sample may be 2 small
volume clinical sample of blood, sputum, tears, nasal swabs, throat swabs, mouth swabs (¢.g.,
check swabs), vaginal swabs, or other bodily fhuid, tissue, secretion, or excretion taken froma
subject. Tn eobodiments, a single clinical sample has a volume of less than about 500 pl., or
less than about 250 pl., or less than 150 pb., or less than about 100 pL, or less than about 50
sk, or less than about 25 pl., or less than about 10 puL, or less than about § ul, or less than
about 1 pl, or less.

[6055] In embodiments, clinical samples may be obtained at & point-of-service (POS)
location. A POS location may be, for example, a retail pharmacy, a supermarket, a hospital, a
clinic, a physician’s office, or other location. Clinical samples may be tested at the POS
location for mwultiple markers indicative of agenis which may cause one or more of a pluraliy
of diseases {e.g., at least §, or at least 10, or at least 12, or at least 20, or at least 30, or at least
44}, or at least 50, or at ieast 60, or more markers, indicative of the same or similar numbers of
different diseases). The testing may be completed in a short poried of time. In embodiments,
the short period of time may be measured from the time the sanple 15 mserted nto a device
or system for performing an analysis. In embodiments, the short period of time may be
measured from the time the sample is obtained from the subject.

[6656] in embodiments, clinical samples may be avalyzed at a POS location. In
embodiments, chinical samples obtained at a POS location may be analyzed at the same POS
location. In embodiments, clinical samples may be obtained at a point-of-service (POS)
location and may be analyzed at 8 different location. Tn cmbodiments, clinical samples may
be analyzed in a short period of time, ¢.g., in a period of time that is less than about 5 hours,
or less than about 4 hours, or less than about 3 hours, or less than about 2 hours, or less than
about 1 howr, or less than abowt half an howe.

[6957] In embodiments, Applicants provide devices (c.g., cartridges) for use in
performing assays for detecting a phurality of discase-causing agents in a single clinical
sample, or in a plorality of aliguots of a single clinical sample. In embodiments, such a device
may comprise a phirality of vessels containing reagents for use in an assay for the detection
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of a plurality of markers indicative of an infectious agent, ¢.g., an upper respiratory infectious
agent; 8 lower respiratory infectious agent; a sexually transmitted discasc-causing agend; an
agent detectable from a sampie obtained from a swab {(e.g., a throat swab, a nasal gwab, or
other swab); an agent detectable from a blood sample; or combinations thereof. In
embodiments, a device may be a cartridge configored to contain a plorality of reagent vesscls.
In emaboediments, a device may be a cartridge configared to contain a reagent vesscl
containing a reagent for detecting a marker indicative of a disease-causing agent. In
embodiments, a device may be a cartridge configured to contain a phirality of reagent vessels
containing reagents for detecting & marker indicative of a discase-causing agent. In
embodiments, such a discase-causing ageut, or such a plurality of discase-causing agents,
meludes discase-causing agents which cause upper respiratory disorders. In embodiments,
such a discase-causing agent, or such a phurality of disease-causing agents, includes discase-
causing agenis which cause lower respiratory disorders. in embodiments, such a disease-
causing agent, or such a plarality of discase-causing ageuts, inchudes discase-causing agents
which cause sexually transmitted discases. In embodiments, such a disease-causing agent, or
such a plurality of discase-causing agents, includes discasc-causing agenis which may be
detected in a blood sample. In embodiments, such a discase-causing agent, ot such a plurality
of disease-causing agents, includes disease-causing agents which may be detected in a sample
obiained with a swab, such as a throat swab, or a nasal swab, or a cheek swab, or other
sample, or combinations thercof.

[6058] In embodiments, devices for use in performing assays for detecting a plovality
of discase-causing agents as disclosed herein may further include a space, or a vessel, for
holding a swab; or may forther inchude a space, or a vessel, for holding two swabs, or a
phurality of swabs. In embodiments, such devices may further include two spaces, o1 two
vessels, for holding two swabs; or may inchade a plurality of spaces, or of vessels, for holding
a plurality of swabs. In embodiments, a single swab may be placed in a single space, or
vessel; in embodiments, two swabs may be placed in a single space, or vessel; and in
embodiments, a plurality of swabs may be placed in a single space, or vessel. Thus, in
embodiments, a swab may be placed in a vessel, and, in embodiments, a swab, or a plurality
of swabs, may be placed 1n a single vessel. In embodiments, a phurality of swabs may be
placed in a plurality of vessels. Such a vessel for holding a swab, or such vessels for holding
swabs, may contain a reagent, or a diluent, or other sohution for use with a swab or swabs. In
embodiments, a vessel for holding a swab may be used to provide a clean swab for use in
obiaining 2 sample. In embodiments, a vessel for holding a swab may be used to 1) provide a
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clean swab for use in ohtaining a sample and also to 1) receive the swab after #ts use in
obtaining a sample from a subject. In embodiments, a vessel for holding a plurality of swabs
may be used to provide a plurality of clean swabs for use in obtaning a sample. In
embodiments, a vessel for holding a plurality of swabs may be used to 1) provide a plurality
of clean swabs for use in obtaining a sample and also to 11) receive one or more of the
plurality of swabs after its use in obtaining a sample from a subject.

(80591 For example, a throat swab and a nasal swab ray be obtained from a subject.
A nasal swab may be useful for testing for upper respiratory diseases, and a throat swab may
be useful for testing lower respiratory discases. In embodiments, the throat swab may be
placed in one vessel in a device (¢.g., & cartridge), and the nasal swab may be placed ina
different vessel i the device. These vessels may contain a reagent, or a diluent, or other
solation for use with the swabs; such reagents may be different for the throat swab and the
nasal swab. In embodiments, the throat swab and the nasal may be placed in the same vessel
m a device. The vessel may contain 2 reagent, or a dilaent, or other selution for use with
these swabs. The device may be placed in an analysis device, or within an analysis system,
for analysis. Such analysis devices and analysis systems may be placed at the same location
as that where the sample was obtained; or such analysis devices and analysis systems may be
at a different location or locations than the location where the sample was obtained.

[68960] In embodiments, a device may be or comprise a cartridge configared to
contain a reaction vessel or a plurality of reagent vessels. In embodiments, a device may be or
comprise a cartridge configured to contain a reaction vessel or & plurality of reaction vesscls.
In emboediments, a device may be a cartridge configured to contain a cytometry cuvette, or a
phurality of cytometry covettes. In embodiments, a device may be or comprise a cartridge
configured o contain a wasie container, or a plurality of waste containers. In cmbodiments, a
device may be or comprise a cartridge configured to contain a sample; in embodiments, a
sample may be contained in a sample collection device. In embodiments, a device may be or
comprise a cartridge configured to contain a sampie collection vessel.

[6061] In embodiments, a device may be or comprise a cartridge counfigured to
contain a reagent vessel, or a plurality of reagent vessels, and a reaction vessel ov a plurality
of reaction vessels. In embodiments, such a device may include reagents for use in nucleic
acid assays; for immunoassays {(¢.g., ELISA assays); general chemistry assays {¢.g., for
chinical electrolytes, vitamin levels, blood component fovels, and other targets); cytometric
assays; and for combinations thereof. In embodiments, such a device may inchude reagents

and reaction vessels for use in mucleic acid assays; for immunoassays (e.g., ELISA assays);
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general chemistry assays (e.g., for clinical electrolytes, vitamin levels, blood component
levels, and other targets); cytomeiric assays; and for combinations thereof, In embodiments,
such a device may include reagents, reaction vessels, and tools, cuvettes, and other
mmplements for use in nucleic acid assays; for immumoassays {e.g., BELISA assays); general
chemistry assays {e.g., for clinical electrolytes, vitamin levels, blood component levels, and
other targeis); cytometric assays; and for combinations thereof.

[6062] Accordingly, Applicants disclose systems for detecting the presence of one or
more of a plurality of markers mdicative of an infectious discase in a small-vohime clinical

sample, comprising:
a) a sampie handling system;
b} a detection station comaprising an optical scnsor;
¢y a flndically isolated sample collection unit configured to retain a clinical sample;

d) an assay station comprising at least a first and a second fhuidically isolated assay
vmit, wherein the first unit comprises a first reagent and the second unit comprises a second

reagent; and

) a controller, wherein the contreller comprises a local memory and is operatively

coupled to the sample handling system and the detection station;

wherein the system is configured to perform assays with one or both of the first and
second assay umnits; wherein the local memory of the conroller comprises a protocol
comprising instructions for: 1) divecting the sample bandling system to transfer a portion of
the clinical sample to the first assay unit and to the second assay unit; and i} directing the
saraple handling system to transfer the first assay unit and the sccond unit assay unit to the
detection station.

[8863] Accordingly, Applicants disclose systems for detecting the presence of one or
more of a plurality of markers indicative of an infectious discase in a small-volume clinical

sample, comprising:
a) 8 sampic handling system;
b} a detection station comprising an optical sensor;

¢} a fluidically isolated sample collection unit configured to retain 3 clinical sample;
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d) an assay station comprising at least a first, second, and third fluidically isolated
assay unii, wherein the first unit comprises a first reagent, the second unit comprises a second

reagent, and the third unit compriscs a third reagent; and

¢) a controller, wherein the controller comprises a local memory and is operatively

coupled to the sample bandling system and the detection station;

wherein the system is configured {o perform assays with any one or more of the first,
second, and third assay units; wherein the local memory of the controller comprises a
protocol comprising instructions for: 1) ditecting the sample handling system to transfer a
portion of the clinical sample to the first assay unit, the second assay unit and the thivd assay
vnit; and i) directing the sample handling system to transfer the first assay unit, the second
assay unit, and the third assay unit to the detection station. in embodiments, the system may
melude only two assay units; or may inchade four assay units; or may include more than four

assay units.

(6864 In embodiments, the system is a poini-of service system. In embodiments, the
gystem is contained within a housing. In embodiments, the system is located at a point-of-
service location, and is configured for use in analyzing a sample at said point-of-service
location. In cmbodiments, the system is a point-of service systern configured to perform a
phurality of assays on a single small volume sample, or on aliquots thercof.

(66651 Applicants further disclose systems for detecting the presence of one or more
of a plurality of markers indicative of an infectious disease in a small-volume clinical sample,
comprising:

a) 8 sampic handling system;

b} a detection station comprising an optical sensor;

¢} a fluid handling systeme configured to transport fluids between componeuts of said
system, wherein said transport of fluids comprises transport of 1solated aliquots of fluid;

d} a fluidically isolated sample collection unit configured to retain a clinical sample;

e) an assay station comprising at least a fivet, second, and third flaidically isolated
assay unit, wherein the first unit comprises a first reagent, the second unit comprises a second

reagent, and the third onit comprises a third reagent; and

) a controlier, wherein the controller comprises a local memaory and is operatively

coupled to the sample bandling system and the detection station;
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wherein the system is configured to perform assays with any one or more of
the first, second, and third assay units; wherein the local memory of the controller comprises
a protocel comprising nstructions for: 1) ditecting the sarople handling system to transfer a
portion of the clinical sample to the first assay unit, the second assay unit and the third assay
vnit; and i) directing the sample handling system to transfer the first assay unit, the second

assay unit, and the third assay unit to the detection station.

[8866] In embodiments, the system is a point-of service system. In embodiments, the
system is contained within a housing. In embodiments, the floid handling system is
configured to transport fluid within said housing. In embodiments, the system is located at a
point-of-service location, and is configured for use in analyzing a sample at said pomt-of-
service location. In embodiments, the system is a point-of service system configured to

perform a plurality of assays on a single small volume sample, or on aliquots thereof.

18667 In embodiments, Applcants disclose a clinical sample processing system,

comprising:

a) a sample handling system;

b} a detection station comprising an optical sensor;

¢) a fluidically isolated sample collection unit configored to retain a clinical sample;

d} an assay station comprising at least a first, second, and third fluidically isolated
assay unit, wherein the first unit comprises an andibody, the second unit comprises an
ohigomicleotide, and the thivd unit comprises a chromogen or a dye or other label; and

¢} a controller, wherein the controlier is operatively coupled to the sample handling
system, wherein the sample handling system is configured to transfer a portion of the clinical
sample from the sample collection unit to cach of the first assay unit, the second assay unit,
and the third assay unit, and the device is configured to perform an immunoassay, a nucleic
acid assay, and a gencral chomistry assay comprising a chromogen. In embodiments, the
system is a point-of service system. In embodiments, the system is contained within a
housing. In embodiments, the system is located at a point-of-service location, and is
configured for use in analyzing a sample at said point-of-service location. In embodiments,
the system is a point-of service system configured to perform a plurality of assays on a single
small volume sample, or on aliquots thereof.

[68968] In embodiments, Applicants disclose methods of performing at least 4

differcut assays sciccted from mmmumnoassays, micleic acid assays, cytometric assays, and

general chemistry assays on # small-volume clinical sample, conmprising:
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a) introducing a clinical sample having a volome of no greater than 500 microliters

into a sample processing device, wherein the device comprises:
1} a sample handling system;
11} a detection station;

it} a cytometry station comprising an imaging device and a stage for receiving

a microscopy cuvette; and

v} an assay station comprising at least a first, a second, a third, and a fourth

ndependently movable assay unit;

b} with the aid of the sample handling system, transferring a portion of the clivical
sample to each of the fivst, second, third, and fourth assay units, wherein a different assay is

performed in each of the first, second, third, and fourth assay units;

¢) with the aid of the sample handling system, transferring the first, second, third, and
fourth assay units to the detection station or cytometry station, wherein assay units
comprising tmmunoassays or general chemistry assays are transferred to the detection station

and assay unils comprising cytometric assays arc transferred to the cytometry station;

d) with the aid of the detection station or cytometry station, obtaining data
measurements of the assay performed in each of the first, second, third, and fourth assay

s,

[0065] In embodiments, the methods are point-of service methods. In embodiments,
the system used in performing the methods is contained within a housing. In embodiments,
the methods are performed at a point-of-service location, and may be used in analyzing a
sample at said point-ofservice location. In embodiments, the methods comprise point-of
service mothods for performing a plurality of assays on a single small volume sample, or on

aliquots thercof.

[8670] In embodiments, the methods include methods of detormining the type of
mfection suffered by a subject. Methods of deternrining the type of infection as disclosed
herein include, without limitation, methods as disclosed herein comprising determining
whether a subject suffers from a bacterial, viral, yeast, fungus, and other infection. For
cxample, methods of determining the type of infection as disclosed herein include methods of
determining whether a subject suffers from a bacterial infection or from a viral infection. In

embodiments, the methods include methods of detecting, 1dentifying, quantifying, and
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combinations thereof, markers in a sample indicative of the type of infection suffered by a
subject. Methods of detecting, identifying, quantifying, and combinations thereof, markers in
a sample indicative of the type of infection as disclosed herein include, without Hmitation,
methods as disclosed herein comprising detecting, identifying, quantifving, and combinations
thereof, markers to a sample indicative of a bacterial, viral, yeast, fungus, and other infection,
For example, methods as disclosed herein include methods of detecting, identifying,
gquantifying, and combinations thereof, markers in 2 sample mdicative of a bacterial infection

or a viral infection.

68711 Methods disclosed herein may be used to detormine whether a subject suffers
from, e.g., a bacterial, viral, yeast, fongus, and other infection. Deternunation of the type of
mfection as disclosed hervein may be used to guide therapy of the subject suffering from the
infection. Determination of the type of infection as disclosed herein may be used to guide
selection of pharmaceuticals for treatment of the subject suffering from the infection.
Determination of the type of infection as disclosed herein may be used to guide selection of
the dosage, or the dosing regimen, of pharmaccuticals used for the freatment of the subject
suffering from the infection. For exaniple, methods disclosed herein may be used o
determine whether a subject suffers from a bacterial infection or a viral infection,
Determination of whether a subject suffers from a bacterial infection or a viral mfection as
disclosed herein may be used to guide therapy of the subject suffering from the infection.
Determination of whether a subject sufters from a bacterial infection or a viral infection as
disclosed herein may be used to guide selection of pharmaceuticals for treatment of the
subject suffering from the infection, Determination of whether a subject suffers from a
bacterial infection or a viral infection as disclosed herein may be used to guide the sciection
of a pharmaceutical, selection of the dosage, the dosing regimen, or a combination thereof,
used in the treatment of the subject suffering from the mfection. For example, where an
nfection is determined to be a bacterial infection, aniibiotics may be prescribed; however,
where an infection 1s determined to be g viral infection, antibiotics are not indicated, and, in
embodiments, will not be preseribed. Determination that a subject suffers from a viral
mfection may enable the subject to avoid unnccessary treatment and expense {e.g., where
antibiotic therapy is avoided when the infoction is identified as being a viral infoction).
Deternunation that a subject suffers from a viral tnfection may enable the subject to obtain
more appropriate therapy directed to viral infections, as opposed to antibiotic therapy that is

directed to bacterial infections.
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[6872] Similarly, determination of whether a subject suffers from a yeast, fungus, and
other infection, as opposed to a bacterial or viral infection, may guide or determine the
therapy provided 1o a subject suffering from an fnfectious disease, including guiding or
determining the selection of a pharmaceutical, the selection of the dosage, the dosing
regimen, or a combination thereof, used in the treatment of the subject soffering from the
nfection. Determination of the type of infection may cnable the subject to obtain more
appropriate therapy divected to the particular type of infection suffered by the subject, as
oppesed to mnappropriate, or less specific, therapy that may not be as effective for that type of

mfection.

(69734 Accordingly, Applicants disclose herein methods for providing a prescription
for treatment of an infectious disease in a subject, comprising: providing a clinical sample
obtained from a subject; analyzing said clinical sample, wherein analyzing comprises testing
for, ot detecting the presence of, a plurality of discase markers, in the clinical sample;
determining a suitable treatment for a disease indicated by the presence of 4 marker detected
by said analysis; and providing a prescription for said suitable treatment. Applicants further
disclose herein methods for providing a prescription for troatment of an infectious disease in
a subject, comprising: providing a climcal sample obtained from a subjeet; analyzing said
clinical sample at a point-of-service (POS) location, wherein analyzing compriscs testing for,
or detecting the presence of, 2 plurality of discase markers, in the clinical sample;
determining a suitable treatment for a discase indicated by the presence of a marker detected

by said analysis; and providing a prescription for said suitable treatment.

(66874 In embodiments of methods for providing a prescription for treatment of an
mfectious disease in 8 subject, the analysis of the sample comprises analysis to determine
whether the subject suffers from a bacterial infection, a viral infection, a yeast infection, a
fungal infection, other infection, or combination thereof. In embodiments of methods for
providing a prescription for treatment of an infoctious disease in a subject, the analysis of the
sample comprises analysis to determine whether the subject suffers from a bacterial infection
or a viral infection. In embodiments of methods for providing a prescription for treatment of
an infectious discase in a subject, where the analysis of the sample determines that the subject
suffers from a bacterial infection, providing a prescription for said suitable treatment
comprises preseription of an antibiotic. In embodiments of methods for providing a
prescription for treatment of an infectious discase in a subject, where the analysis of the

saraple determings that the subject suffors from a viral infection, providing a prescription for

Page 28



WO 2015/035260 PCT/US2014/054424

said suitable treatment comprises avoiding the prescription of an antibiotic, and may nclade
the prescription of an anti-viral drug. o embodiments of methods for providing a prescription
for treatment of an infectious disease in a subjoct, where the analysis of the sample
determines that the subject suffers from a fungal infection, providing a prescription for said
suitable treatment comprises the preseription of an anti-fungal drug. In embodiments of
methods for providing a prescription for treatment of an infectious discase in a subject, where
the analysis of the sample determines that the subject suffers from a bacterial infection that is
a mycoplasma infection, providing a prescription for said suitable treatment comprises the
prescription of an anti-raycoplasmal drug. In embodiments of methods for providing 8
prescription for treatment of an infoctious disease in a subjcct, where the analysis of the
sample determines that the subject suffers from a yeast infection, providing a preseription for

said suitable treatment comprises the prescription of an anti-yeast drug.

(80751 Accordingly, the systems, devices, and methods disclosed hercin are point-of
service methods. In embodiments, the systems disclosed herein, including the systems used m
performing the methods disclosed herein, may be contained and the methods performed
within a housing. Tn embodimenis, the devices disclosed herein may be placed or used within
a housing, e.g., a housing containing a system disclosed herein. In embodiments, the systems
disclosed herein may be located at a POS location, and the methods may be performed at a
point-of-service location. The systems and methods disclosed herein may be used in
analyzing a sample at said point-of-service location. In embodiments, the systems and
methods comprise point-of service methods for performing a plorality of assays on a single

small volome sample, or on aliquots thereof.

(8876} fn embodiments, Applicants disclose systems, methods, and devices for
detecting one or more of a phurality of markers indicative of a disease in a clinical sample
obiained at a point-of-service (POS) location. In embodiments, such a clinical sampleis a
small volimue clinical sample. In embodiments, the one or more markers are detected in a
short period of time. In emwbodiments, the sample is obtained at a POS location. In
embodiments, the systems and devices are located at a POS location, In embodiments, the
detection of the one or more markers is performed at a POS location. In embodiments, the
diseases are infectious diseases. In embodiments, the diseases are caused by a disease-causing
agent selected from the group of discase-causing organisms consisting of a virus, a bacteriom

(including a mycoplasma), a fungus, a yeast, and other micro-organisms. In cmabodiments, the



WO 2015/035260 PCT/US2014/054424

discases are infections respivatory diseases, and may be upper respiratory diseascs, and may
be lower respiratory diseases.

(6977 Accordingly, i embodiments, Applicants disclose POS systems, methods, and
devices. In embodiments, such POS systems, methods, and devices comprise automated POS
systems, methods, and devices. In embodiments, for example, Applicants disclose an
automated POS system, avtomated methods, and devices thereof, for detecting one or more of
a plurality of markers jndicative of a disorder in a clinical sample obtained at a POS location;
such a disorder may be a respiratory disorder, and may be a disorder caused by a discase-
causing agent selecied from the group of discasc-causing organisms consisting of a virus, a
bacterim{including a mycoplasma), a fungus, a yeast, and other micro-organisms. Io
embodiments, such automated POS systerns, sutomated methods, and devices thereof, are
configured for use at POS locations, and for use with samples obtained at POS locations. In
embodiments, such automsted POS systems, automated methods, and devices thereof, are
configured for use on a single small-volume chimical sample. In embodiments, such
automated POS systems, automated methods, and devices thereof, are configured to detect, if
present, one or more of a plarality of markers indicative of a disorder in 3 clinical sample in a
shortt period of tirse.

(6878} fn embodiments, such automated POS systems, methods, and devices are
located at a POS location selected from a retail pharmacy, a supermarket, a clinic, a hospital,
and a doctor’s office. In embodiments, a prescription for a treatment is issued at said POS
location. In embodiments, a prescription for a freatment is 1ssued at said POS location
pursuant to the results of such testing performed by an automated POS systems, methods, and
devices located at the POS location. In embodiments, a prescription for a8 treatment is filled at
said POS location, wherein the prescription was issued for a treatment is pursuant to the
espiratory disease. ng performed by an automated POS systems, methods, and devices
located at the POS location. In embodiments, a bill for testing is issued at the POS location;
such a bill may be issued avtomatically. In embodiments, a bill for a prescription is issued at
the POS location, wherein the prescription was issued for a treatiuent is pursuant to the
resulis of such testing performed by an automated POS systems, methods, and devices
located at the POS location; such a bill may be issued automatically. In emnbodiments, a bill
for a test or a prescription may be issued from the POS location to a subject’s insurance
carrier; such a bill may be issued automatically. In embodiments, an automatic payment may
be made for a test performed or a preseription filled at from the POS location to a subject’s
nsurance carrier, pursuant to a bill issued avtomatically from the POS location.
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(9679 Accordingly, Applicants disclose devices configured to measure or detect a
discasc-causing agent or marker indicative of a discasc-causing agent in a sample according
to a method disclosed herein. Such a sample may be a small-volume clinical sample. Such
devices may be configured to measure or detect a particular disease-causing agent or marker
mdicative of a particular discasc-causing agent in a sample in less than about three howrs, or
fess than about two hours, or in fess than about one hour, or, in embodiments, in less than
about 40 nunutes, or in less than about 30 minutes.

[6680] Devices disclosed herein may be configured to perform an assay for the
detection or measurcment of a plurality of disease-causing agents or markers indicative
thercof. Devices disclosed hercin may be configured to perform an assay for the detection or
measurement of a particular discase-causing agent or marker indicative thereof and also 1o
perform an assay comprising the measwrement of a morphological characteristic of a cell in
the sample. Devices disclosed herein may be configured to perform an assay for the
measurcment of a discase-causing ageunt or marker indicative thereof and also to perform an
assay comprising the measurement of another analyte, e.g., a cvickine, a prostaglandin,
histamine, a steroid {e.g., a glucocorticoid, or other stergid), 2 vitamin, a hormone, a drug or
metabolite of a drug, or other analyte. Such devices may be configured whercin the assays, or
the order of performance of assays, that are performed by said device may be altered by
conumunication with another device.

[3081] Methods and compositions disclosed herein provide rapid assays which
require only small amounts of saropie, such as only small amouunts of salive, uring, blood, or
fhaud in which a throat swab, check swab, or nasal swab has been mmmersed. In embodiments,
a plurality of samples, including a phwrality of small samples, may comprise a phurality of
sanmple types, such as saliva, urine, blood, or fluid samples, may be provided to, and analyzed
by, systems, devices, and methods disclosed herein, Methods, devices and systems disclosed
herein are configured to perform such rapid assays which require only small amouuts of
sample. Methods, devices and systems disclosed herein are configured to perform such rapid
assays on a plurality of samiple types, and may require only small amounts of cach sample
type. Methods, devices and systems disclosed herein are configured to perform muhtiple
assays on a sample, or on a phorality of sample types, and may be used to screen for one or
more of a plurality of discases. Mcthods, devices and systems disclosed herein are configured
to perform multiple assays on a sample, or on a phrality of sample tvpes, and may be used to
screen for diseases caused by one or more of viruses, bacleria, veast, fimgus, mycoplasma,
archea, fungus, yeast, parasites, and other micro-organisms, Accordingly, the methods,

1
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devices, and systems disclosed herein provide rapid tests, which require only small chinical
samples, and thus provide advantages over other methods, devices, and systems.
BRIEF DESCRIPTION OF THE DRAWINGS

(9082} Fig. 1A provides a graphic summary of the durations of time from the
mitiation of nucleic acid assay until detection of the presence of a target nucleic acid in a
sample for a range of markers and for two different concentration ranges of the markers (10
¢/ul and 100 ¢/ui, where “c/pl” means copics per microliter (uL)). The times are labeled
“LOD” (“length of delay™). The vertical axis is shown in units of relative fluorescence
(relative fhuorescence units, RFL, in thousands,

[6883] Fig. 1B provides a bar chart showing the durations of time from the initiation
of nucleic acid assay untl detection of the presence of a target nucleic acid in a sample for

the indicated markers for various disecases (at 100 ¢/ul).

(3684} Fig. 1C provides a bar chart showing the durations of time from the initiation
of nucleic acid assay until detection of the presence of a target nucleic acid in a sample for

the indicated markers for several influenza straing and 1dentifying targets {at 100 o/pl).

[8085] Fig. 1D provides a bar chart showing the durations of time from the initiation
of nucleic acid assay untll detection of the presence of a target nucleic acid in a sample for

the indicated markers of several vespiratory diseases {at 100 ¢/ul).

(85861 Fig. 1E provides a bar chart showing the durations of time from the initiation
of nucleic acid assay until detection of the presence of a target nucleic acid in a sample for

the imdicated markers for several sexually transmitted diseases (at 100 ¢/ul),

(00871 Fig. 1F provides a bar chart showing the durations of time from the initiation
of nucleic acid assay until detection of the presence of a target mucleic acid in a sample for

the indicated markers for several diseases that can be detected in blood (at 100 ¢/pl),

[6888] Fig. 2A shows amplification over time, showing detection of influenza A
(scasonal HINT strain) marker at times well before any significant amounts of amplification
of non-target nucleic acid message occurred. The horizontal axis is denominated in “cycles”
although vo cycling of temperature was used; cach unit of “cycles © is approximately one
minute, so that the numbers of the horizontal axis may be read in terms of minutes. The
vertical axis is shown inunits of relative fluorescence {relative fluorescence units, RFU), in

thousands.
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[6689] Fig. 2B shows the limit of detection of influenza A (seasonal HINT strain) ina
sample. The height of the bars indicates the time until the copy number shows an inflection
(rises significantly above the background level), with the horizontal axis indicating the initial
numbers of copies of influcnza A (seasonal HINT strain) message; “NTC” indicates “no
template control” (no added copies of the target marker). Fig. 2B shows detection of
nfluenza A (scasonal HIN{ sirain} marker at times well before any significant amounts of

amplification of non-target nucleic acid message occurred.

(6369461 Fig. 3A shows amplification over time, showing detection of influgnza A
{novel HINT strain) marker at times well before any significant amounts of amplification of
non-target nucleic acid message occurred. The horizontal axis is denominated in “eycles”
although no cycling of temperature was used; cach unit of “cycles ™ is approximately one
minute, so that the numbers of the horizontal axis may be read in torms of mimues. The
vertical axis 15 shown in units of relative fluorescence (relative fluorescence units, RFU), in

thousands.

(889141 Fig. 3B shows the limit of detection of influenza A (novel HINT strain) ina
sample. The height of the bars indicates the time until the copy number shows an inflection
(rises significantly above the background level), with the horizontal axis indicating the initial
numbers of copies of nfluenza A (novel HINI strain} message; “NTC” indicates “no
tenplate control” (no added copics of the target marker). Fig. 3B shows detection of
mflucnza A (novel HINT strain) marker at times well before any significant amounts of

amplification of non-target nucleic acid message occurred.

{6892} Fig. 4A shows amplification over time, showing detection of influenza A
(H3N2 strain) marker at times well before any significant amounts of amplification of non-
target nucleic acid message occurred. The horizontal axis is denominated in “cycles™
although vo cycling of temperature was used; cach unit of “cycles © is approximately one
minute, so that the mumbers of the horizontal axis may be read in terms of minuotes. The
vertical axis is shown inunits of relative fluorescence {relative fluorescence units, RFU), in
thousands.

[6693] Fig. 4B shows the limit of detection of mnfluenza A (H3N2 strain) in a sample.
The height of the bars indicates the time until the copy number shows an inficction (rises
significantly above the background levely, with the horizontal axis indicating the juttial

mumbers of copies of nfluenza A (H3NZ strain) message; “NTC” indicates “no template
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control” (no added copies of the target marker). Fig. 4B shows detection of influenza A
{H3N2 strain) marker at times well before any significant amounts of amplification of non-

target nucleie acid message occurred.

{6894} Fig. 5A shows amplification over time, showing detection of influcnza A
(H7INY sirain) marker at times well before any significant amounts of amplification of non-
target nucleic acid message occurred. The horizontal axis is denominated in “cycles”
although no cycling of temperature was used; each unit of “eycles “ is approximately one
minute, so that the numbers of the horizontal axis may be read in terms of minutes. The

rerfical axis is shown moonits of relative fluorcscence (relative fluorescence units, RFU), in

thousands.

[0095] Fig. 3B shows the limit of detection of nfluenza A (H7N9 strain) in a sample.
The height of the bars indicates the time until the copy number shows an fnficetion (rises
significantly above the background level), with the horizontal axis indicating the initial
pumbers of copies of influenza A (H7NY strain) message; “NTC” indicates “no template
condrol” (no added copies of the target marker). Fig. 58 shows detection of influcnza A
(H7N9 strain) marker at times well before any significant amounts of amplification of non-

target nucleic acid message occurred.

[3096] Fig. 6A shows amplification over time, showing detection of influenza A
(HS5N1 strain) marker at times well before any significant amounts of amplification of non-
target nucleic acid message occorred. The horizontal axis is denominated in “cycles”
although no cycling of temperature was used; cach unit of “cycles ** is approximately one
minute, so that the numbers of the horizontal axis may be read n terms of mimstes. The
vertical axis is shown in units of relative fluorescence (relative fhugrescence units, RFUY, in

thousands.

(80971 Fig. 68 shows the imit of detection of mfluenza A (H5N 1 strain) in a sample.
The height of the bars indicates the time until the copy nomber shows an inflection {rises
significantly above the background level), with the horizontal axis indicating the initial
numbers of copies of mfluenza A (HSN| strain) message; “NTC” indicates “no template
control” (no added copies of the target marker). Fig. 6B shows detection of influenza A
(H5N1 sirain) marker at times well before any significant amounts of amplification of non-

target nucleic acid message occurred.
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[6698] Fig. 7A shows amplification over time, showing detection of influenza B
marker at times well before any significant amounis of amplification of non-target nucleic
acid message occurred. The borizontal axis is denominated in “cycles” although no cycling of
temperature was used; each unit of “cyeles ™ is approximately one minute, so that the
numbers of the horizontal axis may be read in terms of muinutes. The vertical axis is shown in

units of relative fluorescence {relative fluorescence units, RFU), in thousands.

(6699 Fig. 78 shows the limit of detection of influcnza B in a sample. The height of
the bars indicates the time unti] the copy nomber shows an inflection (rises significanily
above the background level), with the horizontal axis fndicating the mitial numbers of copies
of intluenza B message; “NTC” indicates “no template control” (no added copies of the target
marker). Fig. 7B shows detection of influenza B marker at times well before any significant

amounts of amplification of non-target nucleic acid message occurred.

(66168 Fig. 8A shows amplification over time, showing detection of inflignza Matrix
Protein marker at times well before any significant amounts of amplification of non-target
nucleic acid message occurred. The horizontal axis is denominated in “cycles” although no
cyching of temperature was used; each unit of “cycles 15 approximately one minute, so that
the numbers of the horizontal axis may be read in terms of minutes. The vertical axis is

shown in units of relative fluorescence {relative fluorescence units, RFU), in thousands.

961613 Fig. 88 shows the limit of detection of influenza Matrix Protein marker in a
sample. The height of the bars indicates the time until the copy number shows an inflection
(rises significantly above the background level), with the horizontal axis indicating the initial
numbers of copies of mfluenza Matrix Protein message; “NTC” mdicates “no template
control” (no added copies of the target marker). Fig. 8B shows detection of influgnra Matrix
Protein marker at times well before any significant amounts of amplification of non-target

nucleic acid message occurred.

[G8162] Fig. 9A shows amplification over time, showing detection of a tubercolosis
marker (Myobacterium tuberculosis) at times well before any significant amounts of
amplification of non-target nucleic acid message occurred. The horizontal axis is
denominated in “cycles” although no cycling of temperature was used; each unit of “cycles ©
is approximately one minute, so that the numbers of the horizontal axis may be read in terms
of minutes, The vertical axis is shown in units of relative fluorescence (relative fluorescence

units, RFL), in thousands.
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[86163] Fig. 9B shows the limit of detection of tuberculosis in a sample. The height of
the bars indicates the time until the copy number shows an inflection (risgs significantly
above the background level}, with the nuombers “TB 1000” indicating 1000 copies of
taberculosis marker message, “TB 1007 indicating 100 copies of tuberculosis marker
message, and “TB 107 indicating 10 copies of teberculosis marker message; “NTCs”

indicates “no template controls” (no added copigs of the target marker).

(661047 Fig. 10A shows amplification over time, showing detection of a staphylocecus
marker (Staphyiococcus aurcus) at times well before any significant amounts of amplification
of non-target nucleic acid message occurred. The horizontal axis is depominated tn “cycles™
although no cycling of temperature was used; each unit of “cycles ™ is approximately one
minute, so that the numbers of the horizontal axis may be read in terms of mimutes. The
vertical axis is shown in units of relative fluorescence (relative flucrescence units, RFU)Y, in

thousands.

(681057 Fig. 108 shows the limit of detection of Staphylococcus aurcues in a sample.
The height of the bars indicates the time untll the copy number shows an inflection {vises
significantly above the background level), with the horizontal axis indicating numbers of
copies of Staphylococcus aureus message; “NTC” indicates “no template control” (no added

copies of the target marker).

[861686] Fig. 11A shows amplification over time, showing detection of a staphylocceus
marker (Methicillin-Resistant Staphylococcus aureus - MRSA) at times well before any
significant amounts of amplification of non-target nucleic acid message occurred. The
horizontal axis is denominated in “cycles” although no cycling of temperature was used; each
vnit of “cycles “ is approximately one mimite, so that the numbers of the horizontal axis may
be read in torms of minutes, The vertical axis is shown in uniis of relative fluorescence

(relative fluoresconce units, RFUY, in thousands.

(86167} Fig. 118 shows the hmit of detection of MRSA Staphylococcus aureus ina
sample. The height of the bars indicates the time until the copy number shows an inflection
(rises significantly above the background level), with the horizontal axis mdicating mumbers
of copies of MRSA Staphviococcus aurcus message; “NTC” indicates “no template control”

{(no added copies of the target marker).

[08108] Fig. 124 shows amplification over time, showing detection of a streptococcus

marker (Streptococcus Group A) at times well before any significant amounts of

6
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amplification of non-target nucleic acid message occurred. The horizontal axis is

denominated in “cycles” although no cyeling of temperature was used; cach woit of “cycles
is approximately one minute, so that the numbers of the horizontal axis may be read o ferms
of mimites. The vertical axis 15 shown in units of relative fluorescence {relative fluorescence

units, RFU), in thousands.

[06169) Fig. 128 shows the hnut of detection of Streptococcus Group A in a sample.
The height of the bars indicates the time until the copy number shows an inflection {rises
significantly above the background level), with the horizontal axis indicating numbers of
copies of Streptococcus Group A message; “NTC” indicates “no template control” (no added

copies of the target marker).

(86110} Fig. 13A shows amplification over time, showing detection of a Bordetella
pertussis marker at fimes well betore any significant smounts of amplitfication of non-target
nucleic acid message ocowrred. The horizontal axis is denominated in “cycles” although no
cycling of temperature was used; cach vaif of “cycles “ is approximately one minute, so that
the nurmbers of the horizoutal axis may be read in torms of minutes. The vertical axis is

shown in units of relative fluorescence {relative fluorescence units, RFL), in thousands.

[a01143 Fig. 138 shows detection of Bordetella pertussis in a sample. The height of the
bars indicates the time until the copy number shows an inflection {rises significandly above
the background level), with the horizontal axis indicating numbers of copies of Bordetella
pertussis message (as final DNA copy per aly; “NTC” indicates “no template control” {no

added copies of the target marker).

(0861121 Fig. 14A shows amplification over time, showing detection of an adenovirus B
marker at times well before any significant amounts of amplification of non-target nucleic
acid message occurred. The horizontal axis 1s denominated in “cycles” although no cycling of
temperature was used; each unit of “cycles “ is approximately one minute, so that the
pumbers of the horizontal axis may be read in terms of minutes. The vertical axis is shown in

units of relative flucrescence (relative flucrescence units, RFU), in thousands.

(86113} Fig. 148 shows the limit of detection of Adenoviras B in a sample. The height
of the bars indicates the time until the copy number shows an infloction (rises significantly
above the background level}, with the horizontal axis indicating numbers of copics of
Adenovirus B message; “NTC” indicates “no template contrel” (no added copies of the target

marker).
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(86114} Fig. 1SA shows amplification over time, showing detection of an adenovirus C
marker at times well before any significant amounis of amplification of non-target nucleic
acid message occurred. The borizontal axis is denominated in “cycles” although no cycling of
temperature was used; each unit of “cycles * is approximately one minute, so that the
numbers of the horizontal axis may be read in terms of muinutes. The vertical axis is shown in

units of relative fluorescence {relative fluorescence units, RFU), in thousands.

(66115 Fig. 158 shows the limit of detection of Adenovirus C in a sample. The height
of the bars indicates the time until the copy number shows an inflection {rises significantly
above the background level), with the borizontal axis jndicating numbers of copies of
Adenovirus C message; “NTC” indicates “‘no template control” (no added copics of the target

marker),

(60116} Fig. 16A shows amplification over time, showing detection of an adenovirus E
marker at times well before any significant amounts of amplification of non-target nucleic
acid message occurred. The borizontal axis is denominated in “cycles” although no cycling of
temperature was used; each unit of “cycles * is approximately one mrinute, so that the
numbers of the horizontal axis may be read in terms of minutes. The vertical axis is shown in

units of relative fluorescence (relative fluorescence units, RFU), in thousands.

(80117 Fig. 168 shows the hinit of detection of Adenovirus E in a sample. The height
of the bars indicates the time until the copy number shows an inflection {(rises significantly
above the background level), with the horizontal axis indicating numbers of copies of
Adenovirus E message; “NTC” indicates “no template control” (no added copics of the target

marker).

(86118} Fig. 17A shows amplification over time, showing detection of a Herpes
Staplex Virus (HSV) marker at times well before any significant amounts of amplification of
non-target nucleic acid message occurred. The horizontal axis is denominated in “cycles”
although no cycling of temperatare was used; each unit of “cycles “ is approximately one
minute, so that the numbers of the horizontal axis may be read in terms of minuvtes. The
vertical axis is shown in units of relative fluorescence (relative flugrescence umits, RFUD, in

thousands.

(86119 Fig. 178 shows the hinit of detection of Herpes Simplex Virus (HSV)ina
sample. The height of the bars indicates the time until the copy number shows an inflection

{rises significantly above the background level}, with the horizontal axis ndicating nombers

8
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of copies of HSV message; “NTC” indicates “no template control” {no added copies of the

target marker).

{66120} Fig. I8A shows amplification over time, showing detection of a Treponema
pallicdum marker at times well before any significant amounts of amplification of non-target
nucleic acid message occurred. The horizontal axis is denominated in “cycles” although no
cycling of temperature was used; each unit of “cycles * 15 approximately one minute, so that
the numbers of the horizontal axis may be read in terms of minutes. The vertical axis is

shown in units of relative fluorescence {relative fluorescence units, RFU)Y, in thousands.

[66121] Fig. 181 shows the lmit of detection of Treponema pallidum 2 sample. The
height of the bars indicates the time until the copy nomber shows an inflection (rises
significantly above the background levely, with the horizontal axis indicating numbers of
copies of Trepenema pallidum message; “NTC” jndicates “no tenmplate controf” (no added

copics of the target marker).

[66122] Fig. 19A shows amplification over time, the tise in relative fluorescence at
about 15 to 20 minutes indicating the presence of an Influenza HINI seasonal marker, The
horizontal axis is in “minuies; the vertical axis is shown in unmits of relative fluorescence

(relative fhuorescence units, RFU}.

(060123 Fig. 198 shows amplification of “no template control” (no added copies of the
target marker; NTC). Note that most experiments showed no amplification; the three runs that
show late increases in relative fluorescence did so at about 25 minutes or later. The horizontal
axis is i “mimates; the vertical axis i1s shown in units of relative fluorescence (velative

fluorescence units, RFU).

(60124 Fig. 20A shows an exemplary vessel for holding a swab (a swab vessel) and
an exeraplary cartridge (which includes cavities and wells for reagents and vessels, and 1s
configured to hold reagent vessels, reaction vessels, and other vessels and implements).
Arrows leading away from the swab vessel indicate how the swab vessel may be placed into a

receptacie in the cartridge.

(861253 Fig. 208 shows an exemplary swab vessel {configured for holding a swab) and
an exeraplary cartridge (which mcludes cavities and wells for reagents and vessels, and is
configured to hold reagent vessels, reaction vessels, and other vessels and implements). n
addition to the cavities and wells configured to hold reagent vessels, reaction vessels, and

other vessels and implements as shown in the embodiment of Fig. 20A, the exeraplary
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cartridge shown in Fig. 20B nclodes cavitics and wells suitable for holding other sample
vessels, .g., blood or urine sample vessels, in addition to swab vessels, Arrows leading away
from the swab vessel indicate bow the swab vessel may be placed into a receptacie inthe

cartridge.

(801263 Fig. 20C shows an exemplary swab vessel, and an cxemplary cartridge which
mehides cavities and wells for holding a swab and a swab vessel, as well as cavitics and wells
configured to hold reagent vessels, reaction vessels, and other vessels and implements (which
may optionally include other sample vessels, ¢.g., blood or urine sample vessels). Arrows
leading away from the swab indicate how the swab may be placed into a swab receptacie in
the cartridge. Arrows leading away from the swab vessel indicate how the swab vessel may

be placed into a swab vessel receptacie n the cartridge.

160127 Fig. 21 shows cxamples of swabs which roay be used o obtain samples from

the throat, nasal passages, cheeks, or other body locations of subjects,

[66128] Fig. 22 shows various pancls naming disorders which may be identified by the
methods and devices discussed herei.

(683129} Fig. 23A shows various influenza panels naming influenza types which may
be identified by the methods and devices discussed herein,

(60138 Fig. 238 shows inflection times for several influenza types which may be
identified by the methods and devices discussed herein.

(86131} Fig. 24A shows various respiratory disease panels naming respiratory discase
types which may be identified by the methods and devices discussed hereiu.

(89132 Fig. 248 shows mflection times for upper and lower respiratory tract disease
types which may be identified by the methods and devices discussed herein.

(86133 Fig. 25A shows various hospital acquired infectious discase panels naming
respiratory discase types which may be identified by the methods and devices discussed
hevein.

(66134} Fig. 258 shows inflection times for various hospital acquired infectious
discase pancls naming respiratory disease types which may be identified by the methods and

evices discussed herein

16891353 Fig. 26 shows results of an assay for influenza A that is designed to be
inclusive for all Influenza A subtypes. The results are specific.

(60136} Fig. 27 shows the specificity of the nucleic acid assays for the target HZNZ

mftuenza type.
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(96137} Fig. 28 shows the specificity of the nucleic acid assays for the target HINI

scasonal influenza type.

[66138] Fig. 29 hists potential interfering substances for the sexually transmitied
disease (3TD) panel that were found not to interfere with the nucleic acid assays.

(683139} Fig. 30 lists potential interfering substances for the sexually transmitted
disease (STD) wrine panel that were found not to interfore with the nucleic acid assays,
[80148) Fig. 31 lists potential interfering substances for the blood panel that were

found not to interfere with the nucleic acid assays.
DETAILED DESCRIPTION

(681413 Description and disclosure of examples of reagents, assays, methods, kits,
devices, and systems which may be used with the methods, assays, reagents, devices and
systems disclosed herein may be found, for example, in U.S. Patent 8,088,593; (J.S. Patent
R,380,541; 1.5, Patent Application Serial No. 13/769,79%, filed February 18, 2013; US.
Patent Application Serial Ne. 13/769,779, filed Febroary 18, 2013; U.S. Patent Application
Serial No. 13/769,820, filed Febmary 18, 2013; PCT/US2012/571535, filed September 25,
2012; U5, Patent Application 13/244,949, filed September 26, 2011; UK. Application Serial
No. 61/766,095, filed February 18, 2013; 1.8, Patent Application Sertal No. 61/874,976,
filed September 6, 2013; ULS, Patent Application Serial No. 61/885,462, filed October 1,
2013; .S, Patent Application Serial No. 62/001,039, filed May 20, 2014; U.S. Patent
Apphlication Serial No. 62/001,053, filed May 21, 2014; U.S. Patent Application Serial No.
62/010,382, filed June 10, 2014; U.S. Application Serial No. 61/673,245, filed September 26,
2011; U5, Patent Application Serial No. 61/885,467, filed October 1, 2013; ULS. Patent
Application Serial No. 61/879,664, filed Septerber 18, 26G13; and U.S. Patent Application
61/805,923, filed March 27, 2013, the disclosures of which patents and patent applications

arc all hereby incorporated by reference in their entireties.

(86142} Disclosure of methods of detecting nucleic acid targets inclade, for example,
methods, assays, reagents, and devices as disclosed in U.S. Application Serial Ng.
61/200,606, filed March 15, 2013; U.S. Application Serial No. 61/908,027, filed November
22,2013; 1.8, Application Serial No. 62/001,050, filed May 20, 2014; U.S. Application
Serial No. 14/214,850, filed March 15, 2014; PCT/USZ014/030034, filed March 15, 2014;
U.S. Applcation Serial No. 61/800,241, filed March 15, 2013; and U.8. Application Serial
No. 61/800,340, filed March 15, 2013; the disclosures of which patent applications arc

hereby mmcorporated by reference in their entivreties. Further methods for the detection of

Page 41



WO 2015/035260 PCT/US2014/054424

nucleic acid targets include, for example, Polymerase Chain Reaction (PCR) methods
described, for example, in U.S. Pat. No. 4,683,195; and generally in Mullis et al., Cold Spring
Harbor Syop. Quant. Biol. 51:263 (1987); Erlich, ed., PCR Technology (Stockion Press, NY,
1989},

(86143} Disclosure of methods for detecting protein targets, including antibody
methods, may be found, for example, in U.S. Pat. No. 4,376,11{; 118, Pat. No. 4,816,567,
U.5. Pat. No. 7429652; European Patent EP 404,097; and International Patent Application
Pubhcation WO 93/11161, the disclosures of which are hereby incorporated by reference in
their entiretics. Further methods for the detection of protein targets (generically termed
“pmmumnoassays” herein} include, for example, direct or competitive binding assays using
technigues such as western blots, radicimmunoassays, ELISA (enzyme linked
mmunosorbent assay), "sandwich” immunoassays, inununoprecipitation assays, fluorescent
immuneassays, and profein A Immunoassays.

[00144] Disclosure regarding systems, devices, and methods for analyzing clinical
samples, including chinical samples such as small-volume clinical samples, and including
systems, devices, and methods for analyzing small-volume clinical samples in short periods
of time, may be found, for example, in U8, Patent 8,380,541; LS. Patent 8,088,593; 1.5,
Patent §,380,541; 1.8, Pat. Application Serial No. 13/768,798, filed Februpary 18, 2013; U.S.
Patent Application Serial No. 13/769,820, filed February 18, 2013; U.S. Patent Application
Serial No, 13/769,779, filed February 18, 2013; PCT/US2012/57155, filed September 235,
2012; U.S. Patent Application 61/805,923, filed March 27, 2013; and incorporated by

reference herein (supra).

[60145] Beftore the present novel target-binding molecules, compositions, assays,
methods, and kits are disclosed and described, it is to be understood that the torminology used
herein is for the purpose of describing particelar embodiments only and is not intended to be
Hnuting. It is also to be undersiood that the present disclosure provides explanatory and
exemplary descriptions and examples, so that, unless otherwise indicated, the molecules,
compoesitions, assays, methods, and kits disclosed herein are not himited to the specific
cembodiments described hercin.

(01461 It must be noted that, as used in the specification and the appended claims, the
singular forms "a,” "an” and "the" inclode plaral referents unless the context clearly dictates
otherwise. Thus, for cxample, refercnce to "a salt” refers to a single salt or mixtures of

different salts, and the bike.
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68147 In this specification and n the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

[660148] Acronyms and abbreviations, such as “rpm” (revolutions per minute), “min”
{minute), “sec” {second), and so forth, have their customary meanings.

(88149 As used herein, the terms “normal” and “normal level” refer to the levels of a
marker as found in a healthy population of normal subjects. For example, the normal level for
a particular type of white blood cell found is the level of that type of white blood cell found
in blood samples from a healthy population of normal subjects.

(601587 As used berein, the terms “high” and “high level” and the like refer to lovels
that significantly exceed normal levels, that is, a bigh level of a marker is one that
significantly exceeds the levels of that marker that 15 found in a healthy population of normal
subjocts,

[80151] As used herein, the terms “low™ and “low level” and the like refer to lovels
that are below normal levels, that is, a low level of a marker is onge that is below the levels of
that marker that is found in a healthy population of normal subjects.

(86152} It will be understood that, where a marker is typically absent, or scarce, in
normal subicets, 2 normal level of a marker may be very low 1n absolute numbers (e.g., as
measured by numbers of markers per unit volume, or weight of marker per unit volume), and
stili be the normal level for that marker. Thus, for example, where the marker is an antibody
to a particular infectious disease, and most healthy normal subjects bave not been recently
exposed to that particular disease, the normal levels of antibodics 1o that discase may be low
in absolute terms, and levels in a subject that exceed the normal level would indicate that the
subject has recently been exposed to, or is suffering an infection by, that discase.

[06153] The term “isolated” as used herein when used to describe the various nucleic
acids and proteins disclosed herein, means the nucleie acid or protein (or other molecule) has
been separated and/or recovered from at least one contaminant with which it is ordinarily
associated. Ordinarily, however, isolated nucieic acids and proteins will be prepared by at
least one purification step.

[6154] The term "moiety” as used herein vefers to any particular composition of
matter, ¢.g., a molecular fragment, an intact molecule, or 8 mixture of materials.

[60155] As vsed herein, the terms “discase-causing agent”, “discase-causing organism”
and plurals and granmatical equivalents arc used interchangeably to vefer to viruscs, bacteria,

yeast, and other micro-organisms which may cause disease in a subject. Thes, when referring
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to diseases and their causes, the terms “agent”, “organtsm” and plorals and grammuatical
cquivalents arc used interchangeably hercin.

[60156] As used herein, the term “virus” refers to organisms which include nucleic
acid message (either RNA or DNA) which allows their replication in infected host cclls. The

term virus includes both DNA viruses or RNA viruses, Virgses may cause diseases.

[60157] As used herein, the term “micro-organismy” refers to small unicellolar or
multicelludar organisms which may tnfect cells, organs, tissues, or surfaces of plants or
animals, including humans. The term microorganism inciudes bacteria (including
mycoplasma), archea, fungus, yeast, parasiies, and other small organisms. Micro-organisms

may cause diseascs.

[60158] As used herein, the term “bacteria” refers to smal unicellular, prokaryotic
organistos which may infect cells, organs, tissues, or surfaces of plants or animals, including
humans. The term bacteria includes Gram negative bacteria and Gram positive bacicria.

Bacteria may causc discases. Mycoplasma are a form of bacteria that lack cell walls.

[69159] As used herein, the term “drog” s used broadly to refer to any agent which
may be administered to a subject for the purpose of treating a discase or condition suffered by
the subject; such reating may include prevention, amelioration of symptoms, hastening
recovery, strengthening the patient in the face of a disease or condition, as well as directly
combatting the disease or condition. Where the discase or condition vesults from an infection,
¢.2., is due to an infectious disease, the drug may be, without limitation, an antibiotic, an anti-
viral drug, an anti-fungal drug, an anti-mycoplasmal drag, an anti-yeast drug, or

combinations thereof

(861681 As used herein, the term “antibictic” is used broadly to refer o drugs which
act to reduce or climinate bacterial infections. Antibiotics include, without Hmitation,
penicillin, ampicitlin, amoxicillin, tetracycline, oxytefracyeline, doxyeychine, minocyeling, a
sulfonamide sulfa-drug (such as, ¢.g., sulfanilamide, sulfamethoxarole, sulfadiazine),
erythromycin, ciprofloxacin, gentamycin, oligomycin, azithromycin, clarithromycin, a
cephalosporin, e.g., cefaclor, cefprozil, cefuroxime axetil, loracarbet, cefdiniy, cefixime,
cefpodoxime proxetil, ceftibuten, or ceftriaxong, gramicidin, valinomycin, nonactin,

alamethicin, and other antibiotics.

(601613 As used herein, the term “anti-mycoplasma” is used broadly to refer to drugs

which act to reduce or eliminate bacterial infections where the bacteria are mycoplasma.
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Antibiotics that target the cell wall are typically ineffective against mycoplasma, which lack
cell walls, Antibiotics such s, e.g., plasmocin, doxocycline, minocycline, gramicidin,
valinomycin, nonactinalamethicin, macrolide antibiotics, and others may be used to freat

mycoplasmal infections.

(86162} As used herein, the term “anti-viral” is used broadly to refer to drugs which
act to reduce or chiminate viral infoctions. Ant-viral drugs include, for example, zanamivir,
oseltamivir, acyclovir, adefovir, daranivir, famciclovir, ganciclovir, nexavir, rifampicin,

pieconaril, amantading, rimantadine, and others.

(89163} As used herein, the term “anti-fungal” is used broadly to refer to drugs which
act to reduce or ehiminate fongus mfections. Ant-fungal drugs include, for example,
amphotericin, nystatin, candicin, filipin, hamycin, netamycin, rimocydin, bifonazole,
clotrimarzole, other inddazole, triazole, and thiazoles, and others. Some drugs which may be

ased to treat fimgal tnfections may also be suitable for treating yeast infections.

(60164} As used herein, the term “anti-yeast” is used broadly to refer to drugs which
act to reduce or eliminate veast infections. Anti-yeast drugs inchade, for example,
antimyeotics such as, e.g., clotrimarole, nystatin, fluconazole, ketoconazole, amphotericin,
gentian violet, and other drugs. Some drugs which may be vsed o treat yeast infections may
also be suitable for freating fungal infections.

13

[60165] As used herein, the phrase “nucleic acid markers indicative of” a particular
nfection refers to nucleic acid molecules (ncluding single-stranded and double-stranded
DNA and RNA molecules) and fragments thereot, which are derived from disease-causing
organisms, or are copies of, or are sabstantially similar to, or are complementary to, micleic
acid molecules derived from the organism which causcs that particular infectious discase.
Detection of nucleic acid markers indicative of a particular infection 1o a sample indicates
that the disease-causing organism is, o1 was, present in the sample and thus that the subject
has been exposed to the diseasc-causing organism, and hkely suffers or suffered from the
particular infection caused by that particular discase-causing organisn.

(83166} As used herein, the phrase “antibody markers indicative of” a particular
nfection refers to antibodies (or portions or fragmenis thercof) which are direcied to an
antigen or anfigens found on the organisms that cause that particular infectious disease.
Detection of antibody markers indicative of a particular mnfection in a sample indicates that

the discase-causing organism is, or was, present in the sample and thos that the subject hag

Page 4

W



WO 2015/035260 PCT/US2014/054424

been exposed to the disease-causing organism, and hkely suffers or suffered from the

particular infection caused by that particular discase-causing organisn.

(85167} As used herein, a nucleic acid comprises a molecule made up of nucleondes,

and refers to deoxyribomucleic acid (BNA) and to ribonucleic acid (RNA) molecudes.

[60168) As used herein, “nucleic acid” includes both DNA and RNA, including DNA
and RNA containing non-standard nucleotides. A “nucleic acid” contains at least one
polynucieotide (a “nucleic acid strand™). A “nucleic acid” may be single-stranded or double-
stranded. The term “nucleic acid” refers to sucleotides and nucleosides which make up, for
example, deoxyribonucleic acid (DNA) macromolecules and ribonucleic acid (RNA)
macromolecules, Nucleic acids may be identified by the base attached to the sugar (e.g.,
deoxyribose or ribose); as used herein, the following abbroviations for these bases are used to
represent nucleic acids in sequence listings identifying and describing their structures {either

upper-case or lower-case may be used),

TABLE {A
Base {in Nucleic Acid) Letter Code
Adenine A
Thymine T
Guoanine G
Cytosine C
Uracil U
[60169] As used berein, a “polyouciectide” refers to 2 polymeric chain containing two

ot more nucleotides. “Polynucleotides” includes primers, oligonucleotides, mueleic acid
strands, eic. A polynucleotide may contain standard or non-standard nacleotides. Typically,
a polynucleotide contains a 37 phosphate at one terminus (57 terminus”) and & 37 hydroxyl
group at the other terminus (“3” torminus} of the chain. The most 57 nucleotide of a
polynucieotide may be referred to herein as the “S” terminal nucleotide” of the
polynacieotide. The most 3° nucleotide of a polynucieotide may be referred to herein as the

*3” terounal nucleetide” of the polynucleotide.

(651781 As used herein, a “target” nucleic acid or molecule refers to a nucleic acid of
interest. A target nucleic acid / molecule may be of any type, including single-stranded or
double stranded DNA or RNA {c.g. mRNA),

(881713 As used herein, a nucleic acid molecule which is described as containing the

“sequence” of a template or other nucleic acid may alse be considered to contain the tomplate
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or other nucleic acid itself (e.g. a molecule which is described as containing the sequence of a
template may also be described as containing the template), unless the context clearly dictates

otherwise.

(6881721 As used herein, “complementary” sequences refer to two nucleotide sequences
which, when aligned anti-paraliel to each other, contain multiple individual nucieotide bases
which pair with each other. It is not necessary for every nucleotide base in two sequences 1o
pair with cach other for sequences to be considered “complementary”. Sequences may be
considered complementary, for example, it at least 30%, 405, 50%, 53%, 6(%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% of the nucleotide bases in two sequences
pair with each other. In addition, sequences may still be considered “complementary” when
the total fengths of the two sequences are sigmficantly different from cach other. For
example, a primer of 15 nucleotides may be considered “complementary” to a longer
polynucleotide containing hundreds of nucleotides if multiple individual nucleotide bases of

the primer pair with nucleotide bases in the longer polymucleotide when the primer is aligned

anti-parallel to a particular region of the longer polynuciestide.

(65173} As used herein, a “concatemer” refers 1o a nucleic acid molecule which
contains within it two or more copies of a particular nucleic acid, wherein the copies are
inked in series. Within the concatemer, the copies of the particular nucleic acid may be
linked directly to cach other, or they may be indirectly linked (e.g. there may be nucleotides
between the copics of the particular nucleic acid). In an example, the particodar nucleic acid
may be that of a double-siranded nucleic acid template, such that a concalemer may contain
two or more copies of the double-stranded nucleic acid template. In another example, the
particular nucleic acid may be that of & polynucleotide template, such that a concatemer may

contain two or more copies of the polynucleotide template.

[80174] As used herein, a “saccharide” is a molecule comprising one, a fow, or
multiple sugar moieties, and includes monosaccharides, oligosaccharides, and
polysaccharides.

(681751 As used herein, a protein comprises a molecule made up of amino acids, the
aming acids covalently linked by amide bonds. The terms “peptide”, “polypeptide” and
“protein” may be used interchangeably to refer to molecules comprised of amino acids linked

by peptide bonds. Todividual amino acids may be termed “residues” of 2 polypeptide or
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protein. The amino acid sequences of polypeptides disclosed herein may be identified by

SEQ ID NO: presented as a string of letters, where the letters have the following meanings:

TABLE IB

AminoAcid 3-Letter Code t-Letter Code
Alanine Ala A
Argining Arz R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cvs C
Glutamic acid Gly E
Glgtamine Gln g
Glycine Gly G
Histidine His H
Isoleucne lie i
Leucine Leu L
Lysing Lys K
Methionine Met M
Phenylalamne Phe F
Proline Pro P
Sering Ser 5
Thrconing Thy T
Tryptophan Trp W
Tyrosine Tyr Y
Valing Val v
(686176} As used herein, a “eytokine” is a naturally occurring protein molecules often

released in mammals in response to injury, infection, inflammation, or other stressor.
Cytokines include Iymphokines, interleukins, chemokines, interferons, and other cytokines.
Cytokines may be inflanusatory cytokines (fending to cause mflaremation; also termed pro-
mflammatory cytekines) or may be anti-inflanmmatory eytokines (tending to sappress
mflammation). Inflammatory cytokines include, for example, interleukin-1 (IL-1),
nterloukin-6 (IL-6), interleukin-12 (1L-12}, interleukin-18 (JL-18}, gamma interferon (IFN-
v}, and tumor necrosis factor alpha (TNF-g). Anti-inflammatory cytokines inchude, for
example, interleukin- 10 (IL-10). Some cytokines may have multiple actions or effects (e.g.,
nterleokin-6 (1L-6} has both inflammatory and anti-inflammatory effecis).

60177} As used herein, the terms “marker of mflammation”, “inflanmmatory marker”,
and plurals and grammatical equivalents thereof refer to markers which may be detected tn a
sanple, and which may be identified in a sample, which indicate the presence of, or level of,

mflanumation in the subject from which the sample was obtained. Markers of inflammation
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imchide both peptide and non-peptide markers; for example, markers of inflammation inclade,
without lmitation, prostaglandins, tumor necrosis factor alpha (TNF-a), tnterlenkin-1 (IL-1),
interloukin-8 (1L-8), interleukin-12 (1L.-12), interforon ganmma (1F-y), bradykinin,
complement system molecules, blood-clotting factors, C-reactive protein, erythrocyte
sedimentation rate {ESR), white blogd cell count, and morphological changes in blood and

other cells.

(66178} The term "antibody” is used in the broadest sense and specifically covers
singic monoclonal antibodies (including agonist and antagonist antibodies), antibody
compositions with polyepitopic specificity, and antibody fragments, and includes huaman ag
humemized antibodics. Monoclonal antibodies are obtained from a population of substantially
homogencouns antibodies, 1.¢., the individual antibodies comprising the population are
identical except for possible naturaily-occurring mutations that may be present in minor
amounts. The most abundant class of antibodics 15 the IgG class, characterized by having
molecular weights of about 150 kD,

[66179] The term "monoclonal antibody"” (mAb) as used herein refers o an antibody
obtained from a population of substantially homogeneous antibodies, i.c., the individual
antibodies comprising the population arve identical except for possibie natorally occurrmg
mutations that may be present n minor amounts. For example, monoclonal antibodies may be
made by the hybridoma method first described by Kohler et al., Nature, 256:495 (1975}, or
may be made by recombinant DNA methods (see, ¢.g., U.S. Pat. No. 4,416,567 1o Cabilly ot
al.)

(86180} The term “intact antibody” refers to the complete antibody, or the amino acid
sequence of the coroplete antibody, of which an ardibody fragment is a part. It will be
wnderstood that an antibody fragment may be produced by partial digestion {¢.g., by papain
or pepsing of an intact antibody, or may be produced by recombinant or other means.

(801813 "Antibody fragment”, and all grammatical variants thereof, as used hercin is
defined as a (1) portion of an intact antibody comprising the antigen binding site or variable
region of the intact antibody, wherein the portion is free of the constant heavy chain domains
of the Fe region of the intact antibody, and (2) constructs comprising a portion of an intact
antibody (as defined by the amino acid sequence of the intact antibody) comprising the
antigen binding site or variable region of the intact antibody.

(6801821 Axn antibody fragment is, or comprises, a polypeptide having a primary

structure consisting of one uninternupted sequence of contiguous amino acid residues having
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the amino acid sequence of an intact antibody. Examples of antibody fragments inclade Fab,
Fab’, Fab'-8H, F(ab'}, Fd, Fe, Fv, diabodics, and any other “Non-single-chain antigen-
binding unit” as described, e.g., m ULS. Pat. No. 7429652,

(69183} The term "diabodies” refers to small antibody fragments with two antigen-
binding sites, which fragments comprise 2 heavy chain variable domain connected to a light
chain variable domain in the same polypeptide chain. By using a linker that is too short to
allow pairing between the two domains on the same chain, the domains are forced to pair
with the complementary domains of another chain and create two antigen-binding sites.
Diabodies are described more fully in, for example, EP 404,097, WG 93/11161; and
Hollinger et al,, Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993},

(60184} As used herein, an “antigen-binding antibody fragment” 1s any antibody
fragment that retains the ability to bind to the specific target to which the intact antibody
specifically binds. An antigen-binding antibody fragment may have different {e.g., lesser)
binding affinity for the target antigen thao the intact antibody. As used herein, unless
otherwise stated, an antibody fragment is an antigen-binding antibody fragment

[86185] An antibody that "specifically binds to" or is "specific for” a particular
polypeptide or, an epitope on a particular polypeptide is one that binds to that particular
polypeptide or epitope on a particular polypeptide without substantially binding to any other
polypeptide or polypeptide epitope.

%Y &6

[60186] The terms “antigen”,

%6k =AY

target molecule”, “target polypeptide”, “target epitope”,
and the like arc used herein to denote the molecule specifically bound by an antibody ot
antibody fragment.

08187} As ased herein, a “marker”, a “label”, a “marker moiety” and a “label moiety”
refer {0 a detectable compound or composition which is conjugated directly or indirectly to
the antibody so as to generate a "labeled” antibody. A label or marker provides a detectable
signal for at least the time period during which a signal is to be observed. The label or marker
may be detectable by itself {c.g. radicisuiope labels or fluorescent labels) or, in the case of an
enzymatic fabel, may catalyze chemical alteration of a substrate compound or composition
which is detectable.

(66188} A label or marker motety may be, for example, a dye, an epifope tag, a
fluorcscent moiety, 3 luminescent moisty, a chemiluminescont moicty, an enzymatic label, a
magnetic label, a paramagnetic label, a contrast agent, a namoparticle, a radioisotope, biotin,
streptavidin, and a quencher. A nanoparticle may be a particle of an clement, such as a gold
nanoparticle, or of an alloy or compound, such as a quantum dot (a particle of a
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semiconductor material), or other particle having a size typically in a range between about |
nm to about 100 om.

[66189] A label or marker rooicty may provide a signal by reflecting, or modulating,
energy tmpinging on the label or marker moiety. A label or marker moiety may provide a

signal by emitting, or by ncreasing, a detectable signal. Similarly, a label or marker moiety
may provide a signal by diminishing, or extinguishing, a signal {¢.g., the quenching of a
signal). It will be understood that a label or marker raoicty may be directly detectable {e.g.,
may provide a detectable signal without firther action or nput of energy), or may use or
require cncrgy, a subsirate, a binding partner, or other action in order to provide a deteciable
signal. An enzymatic label may be suitable for use with a binding partner or substrate; for
example, a peroxidase such as horseradish peroxidase may serve as 4 label as 1t may be used
to detect the presence of a target, or to measure the amouont of target, when used with, e.g.,
diaminobenzidine or other molecule suitable for use with a peroxidase; for another, non-
hmiting cxample, Juciferase may serve as a label as i may be used 1o detoct the presence of a
target, or to measure the amount of target, when used with luciferin.

(66196 As ased herein, the term “chromogen” refers to a compound which may be
readily converted into a dye or other colored conpound.

(65191} As used herein, “BSA” means bovine serum albumin; “PEG” means
polyethylene glycol; “ELISA” means enryme-linked fmmuonosorbent assay: and other terms,
abbreviations, and acronyms have the standard meanings understood in the chemical and

biclogical arts.

(66192 A composition may include a buffer. Buffers include, without limitation,

phosphate, citrate, anunonium, acetate, carbonate, tris(hydroxyraethy hHaminomethane (TRIS),

3-{N-mow 110} ProY cid (MOPS), 3-morpholine-2-hydroxypropanesulfonic
acid (MOPSO), 2-(N-morpholine jethanesulfonic acid (MES), N-(2-Acetamido}-
iminodiacetic acid {ADA), piperazine-N,N'-bis{Z-cthanesulfonic acid) (PIPES), N-(2-
Acctamido}-2-aminoethanesuifonic acid (ACERS), cholamine chdoride, N, N-Bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid (BES), 2-[[1,3-dihydroxy-2-

)
[

{(hydroxymethyDpropan-2-yliamino]ethanesalfonic acid (TES), 4-(2-hydr

¢ acid (HEPES), acctamidoglycine, tricine (N~(2-Hydroxy-1,1-

bis(hydroxymethylethyliglycine), glycinamide, and bicine (2-(Bis(2-

hydroxyethyDamino)acetic acid) butfers. Buffers include other organic acid buffers in
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addition to the phosphate, citrate, ammonium, acetate, and carbonate buffers explicitly

mentioned herein.

(69193} A composition may include a physiologically acceptable carmer. For exanple,
a physiologically acceptable carrier may be an agqueous pH buffered sclution. Examples of
physiologically acceptable carriers include buffers such as phosphate, citrate, and other
organic acids as discussed above; antioxidants inchuding ascorbic acid; low molecular weight
{less than abowt 10 residucs) polypeptides; proteins, such as, ¢.g., serum albumin, gelatin,
cytochromes, and immunoglobulios; hydrophilic polymers such as polyvinyipyrrolidone;
aming acids such as ghycine, glutamine, asparagine, argining or lysing; monosaccharides,
disaccharides, polysaccharides, and other carbohydrates inchuding glucose, mannose, and
dextrins; chelating agents such as ethylene diamine tetrascetic acid (EDTA); sugar alcohols
such as mannitof or sorbitol; salt-forming counterions such as sodium, potassium, calchum,
magnesium and others; nonionic surfactants such as TWEEN™ polyethylene glveol (PEG),

and PLURONICS™; and/or other compounds known in the art.

[66194] For example, a coroposition may include albumin, gelatin, cytochrome C, an
mmunoglobulin, an amino acid, agar, glycerol, ethylene glyeol, a protease inhibitor, an
antimicrobial agent, a metal chelating agent, a monoesaccharide, a disaccharide, a

polysaccharide, a reducing agent, a chelating agent, or combinations thereof.

[86195] As used herein, a “sample”, or “biological sample”, or “clinical sample” refers
to a sample of fluid, tissoe, secretion, or excretion obtained from a subject. A sample,
biclogical sample, or clinical samiple may be 2 sample of blood, serum, plasma, saliva,
sputum, urine, gastric fluid, digestive thud, tears, sweat, stool, semen, vaginal fluid,
werstitial thid, fluid derived from tmorous tissue, ocular fluids, mocus, earwax, oil,
glandular sceretions, spinal fluid, skin, cerebrospinal fluid from within the skoll, tissue, fluid
or material from a nasal swab, a throat swab, 2 mouth swab (e.g., a cheek swab), a vaginal
swab, or nasopharyngeal wash, biopsy fluid or material, placental fluid, ammiotic fluid, cord
bloed, lymphatic thads, cavity flaids, pus, microbiota obtained from a subject, meconium,
breast milk, or other secretion or exerction. A sample may be a breath sample, a hair sample,
a fingemail saraple, or other sanple.

(689196} Biological and clinical samples may mchide nasopharyngeal wash, or other
fiuid obtained by washing a body cavity or surface of a subject, or by washing a swab
following application of the swab to a body cavity or surface of a subject. Nasal swabs,

mouth swabs (including cheek swabs), throat swabs, vaginal swabs, stool samples, hair,
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finger nail, ear wax, breath, and other solid, semi-solid, or gaseous samples may be processed
in an exiraction buffer, e.g., for a fixed or variable amount of time, prior to their analysis. The
extraction buffer or an aliguot thereof may then be processed similarly to other fluid samples
if desired. Examples of tissue samples of the subject may include but are not Iimited to,
connective tissue, muscle tissue, nervous tissue, epithelial tissue, cartilage, cancergus sampie,
or bone. The sampic may be obtained from a human or animal. The sample may be obtained
from a verichrate, e.g., a bird, fish, or mammal, such as a rat, 2 mouse, a pig, an ape, another
primate (including umans), a farm animal, a sport animal, or a pet. The sample may be
obtained from a living or dead subject. The sample may be obtained fresh from a subject or
may have undergone some forra of pre-processing, storage, o fransport,

(681971 As used herein, a “small volume™ refers to a volume of less than abowut 1 mil,
or less than about 500 uL, or less than about 250 pL, or less than 150 pul, or less than about
100 pL, or less than about SO pL., or less than about 25 ul, or less. In particular
embodiments, a small volume, such as a “finger-stick”™ volume, may comprise less than about
250 uL, and typically comprises less than 150 L, or less than about 100 pl, or less than
about 50 uL, or less than about 25 ul, or less.

[08198] A sample may be divided into two or more portions. As used herein, when
referring to a sample or samples, the terms “portion” and “aliguoet” and their plurals and
grammatical equivalents are used interchangeably to refer to 8 fractional amount of sample
taken from an original compicte sample. Such a fraction may be any fraction or amount, 50
that & portion or aliquot may conprisc most of the original sample, a large fraction of the
original sample, a small fraction of the original sample, or a relatively small fraction of the
original sample. The phrases “at least a portion”, “at least an aliquot”, and the like, may refer
both to a fractional part of an original sample and to the entire original sample.

{83199} Detection of markers, and detection of disease-causing (or other) organisms
may include detection of nucleic acid markers; detection of protein {peptide) markers,
including detection of antibedies; detection of markers of inflammation {including both
peptide and non-peptide markers); and detection of other markers. {dentification of markers,
and of disease-causing (or other) organisms may include identification of nucleic acid
markers; identification of protein (peptide) markers, including identification of antibodies;
identification of markers of inflammation (including both peptide and non-peptide markers);
and identification of other markers. Detection and identification of markers and organisms

may include quantitative detection and identification of such markers and such organisms.
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(8662087 A method may be performed in a short period of time. A device may be
capablc of performing all steps of a method in a short period of time. A device may be
capable of performing all steps of a method on a single sample in a short amount of time. A
device may be capable of performing all steps of a method on two samples, such as a blood
sample and a sample obtained from a swab, in a short amouont of time. A device may be
capable of performing all steps of a method on more than two samples in a short amount of
time. For example, from sample collection from a subject to detecting a disease niarker, or to
detecting multiple discase markers, may take about 3 howrs or less, 2 hours or fess, 1 howr or
less, 50 minutes or less, 45 minutes or less, 40 minutes or less, 30 minutes or less, 2{ minutes
or less, 15 minutes or fess, 10 minutes or less, 5 minuies or less, 4 minutes or less, 3 minutes
or less, 2 minutes or less, or | munute or less. For example, from sample collection from a
subject to transmitting data regarding, and/or to analysis of, a sample or samples may take
about 3 howrs or less, 2 howrs or less, T hour or less, 50 mimistes or fess, 45 minutes or less, 40
minuies or less, 30 minutes or less, 20 minutes or less, 15 minutes or less, 10 minutes or fess,

5 mingies or less, 4 mimstes or fess, 3 mingtes or less, 2 mimstes or fess, or 1 minugte or less.

(86281} For example, the period of time from initiating a method of detecting a discase
marker to detecting a disease marker, or to detecting multiple discase markers, may be about
3 hours or less, 2 hours or less, 1 hour or less, 50 mimstes or less, 45 minutes or less, 40
mimztes or less, 30 minutes or less, 20 minutes or less, 15 minutes or less, 10 minutes or fess,
5 punutes or foss, 4 minutes or less, 3 nunutes or foss, 2 minutes or less, or 1 nunute or less.
For example, the period of time from initiating 2 method of detecting a disease marker to
transmitting data regarding such detection may be about 3 hours or less, 2 hours or less, 1
hour or less, 50 minutes or less, 45 minutes or less, 40 minutes or less, 30 minutes or less, 20
minugtes or less, 15 minutes or less, 10 muinutes or less, 3 minutes or less, 4 nuinutes or less, 3

minutes or less, 2 minutes or iess, or | mimuie or less.

1602023 The period of time from accepting a sample within the device to detecting a
disease marker, or to detecting a plurality of disease markers, or to transmitting data
regarding, and/or to analysis of, a sample or samples may depend on the type or nomber of
steps, tests, or assays performed on the sample or samples. The amount of time from
accepting a sample, or samples, within the device to detecting a disease marker or markers, or
to transmitting data and/or to analysis from the device regarding such a sample or samples
may take about 3 hours or less, 2 hours or less, 1 hour or less, SO minutes or less, 45 minuics

or less, 40 minutes or less, 30 minutes or less, 20 muinutes or less, 15 minutes or less, 10
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minutes or less, 5 minuies or less, 4 minutes or less, 3 minuies or less, 2 mimites or fess, or 1

minute or less.

(682031 Thus, as used herein, a “short period of time” refers to a period of time of
about § howrs or less, or about 4 hours or less, or about 3 hours or less, or about 2 hours or
fess, or about 1 hour or less, or about 50 minutes or less, or about 40 minutes or less, or about
33 nungtes or less, or about 2{ mimastes or less, or about 10 minutes or less, or about §
minates or less.. A short period of time may be determined with respect to an initial time; the
imitial time may be the ime at which a sample analysis began; the initial time may be the time
at which a sample is inserted into a device for the analysis of the sample; the initial time may
be the time at which a sample was obtained from a subject.

10802841 The terms “point of serviee” {abbreviated POS) and “point of service system,”
as used herein, refer to a location, and a system at that location, that is capable of providing a
service (e.g. testing, monitoring, freatment, diagnosis, guidance, sample collection,
verification of identity (1D verification), and other services) at or near the site or location of
the subject. A service may be a medical service, and may be a non-medical service. In some
situations, a POS system provides a service at a predetormined location, such as a subject’s
home, school, or work, or at a grocery storg, a drug store, a community center, a chinic, a
doctor’s office, a hospital, etc. A POS system can include one or more point of service
devices. In some embodiments, a POS systom is a point of care systen.

(60205} A “‘point of care” {abbreviated POC) is 2 Jocation at which medical-related
care {¢.g. treatment, tosting, monitoring, diagnosis, counseling, eic.) is provided. A POC may
be, e.g. at a subject’s home, work, or school, or at a grocery store, a community center, 8 drug
store, & doctor’s office, a clinic, a hospital, ete. A POC system is 2 system which may aid in,
ot may be used in, providing such medical-related care, and may be located at or near the site
or location of the subject or the subject’s health care provider {e.g. subject’s home, work, or
school, or at a grocery siore, a community center, a drug store, a docior’s office, a clinie, a
hospital, ete.).

(662061 As used herein, the term “hnmumnoassay” refers 1o any assay which detects,
identifigs, characterizes, quantifies, or otherwise measures an amino acid target in a sample
{where an aming acid target may be 2 small peptide, a polypeptide, a protein, or
proteinaceous raacromolecule). Immunoassays inclade, for example, direct or competitive
binding assays using technigques such as western blots, radioimmumoassays, ELISA {enzyme

linked immunosorbent assay), "sandwich” inumunoassays, immunoprecipitation assays,

W
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fhuorescent immunoassays, and protein A immimoassays. Immunoassays typically use
antibodies or antibody fragments, but may also usc binding proteins or carrier proteins which
bind target molecules with high specificity.

(95287} As used herein, the term “nucleic acid assay” is used to refer 1o any assay
which detects, identifies, characterizes, quantifies, or otherwise measures a nucleic acid target
in a sample {where a nucleic acid target may be a single siranded, doubie siranded, or other
nucleic acid molecule of any size. Nucleic acid assays include polymerase chain reaction
{PCR) assays {see, e.g. U.S. Patent No. 4,683,202}, loop-mediated isothermal amplification
{“LAMP”} (see, e.g. U.8. Patent No. 6,410,27%), and other metheds, including methods
discussed below for detecting nucleic acid targets in a sample. Nucleic acid markers may be
detected by any suitable means, meloding means that include mucleic acid ampiification (e.g.,
thermal cycling amplification methods including PCR, and other nocleic acid amplification
methods; isothermal amplification methods, including LAMP, ctc.) and any other method that
can be used to detect the presence of nucleic acid markers indicative of a discase-causing
organism in a sample.

[86268) As used herein, the term “general chemistry assay” refers to any assay which
detects, identifics, characterizes, quantifies, or otherwise measures a target in 2 sample, other
than a target which 1s a mucleic acid or other than by use of an antibedy or other specifically
binding protein. General chemistry assays inchide, e.g., assays for clectrolytes; for vitamin
levels; for blood component levels: for trace metals; for lipids; and other targets). General
chemistry assays may include, for example, assays of a Basic Metabolic Pancl [glucose,
calcium, sodium (Na), potassium (K), chloride {C1), CO2 {carbon dioxide, bicarbonate),
creatinine, blood urea nitrogen (BUN}], assays of an Electrolyie Panel [sodivm {(Na),
potassiom (K}, chloride (Cl), C(On {carbon dioxide, bicarbonate}], assays of a Chem 14 Panel
/ Comprehensive Metabolic Panel {glocose, caleium, albumin, total protein, sodium (Na},
potassivim (K, chloride (C), COn (carbon dioxide, bicarbonate), creatining, blood vrea
nitrogen {BUN), alkaline phosphatase (ALP), alaninc aminotransferase {ALT/GPT), aspartate
aminotransferase (AST/GOT), total bilivubin] assays of a Lipid Profile / Lipid Pavel [LDL
cholesterol, HDL cholesterol, total cholesterol, and triglycerides], assays of a Liver Panel /
Liver Function {alkaline phosphatase {ALP), alanine aminotransferase ( ALT/GPT), aspartate
aminoteansforase (AST/GOT), total bilirubin, albumin, total protein, garmma-glatamyl
transferase (GGT), lactate dehydrogenase (LDH), prothrombin time (PT)], alkaline
phosphatase {APase}, hemoglobin, VEDL cholesterol, ethanol, lipase, pH, zing

protoporphyrin, direct bilirubin, blood typing (ABO, RHD), lead, phosphate,
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hemagglutination inhibition, magnesium, iron, ron uptake, fecal occult blood, and others,
individually or in any combination.

[680209; As used berein the term “cytometric assay” refers to any which detects,
wdentifies, characterizes, quantifies, or otherwise measures a cell or large particle (e.g., a
crystal} in a sample. Cytometiric assays typically utilize imaging of other light-based
technigues to detect, measure, characterize, and quantify cells and particles in 2 sample.

SYSTEMS, DEVICES, AND METHODS

(06216 In embodiments, AppHcants disclose systoms, including such systems
discussed above, for detecting one or more of a plurality of discase-causing ageots ina
clinical sample. In embodiments, Apphcants disclose systems, nclading such systems
discussed above, for detecting one or more of a phuality of disease-causing agenis in a
clinical sample, wherein said discases comprise respiratory discases. In embodiments,
Apphicants disclose systems, including such systems discussed above, for detecting one or
more of a plurality of disease-causing agents in a clinical sample, wherein said disease-
causing agents causc respiratory diseases sclected from viral diseases, bacierial discases,
fungal diseascs, mycoeplasma diseases, and other discases.

(89211} In embodiments, the plurality of discase-causing agents causes a mumber of
diseases, wherein said number of diseases comprises 8 or more diseases, or 10 or more
discases, or 12 or more discases, or 14 or more discases, or 16 or more discases, or 18 or
more diseases, or 20 or more discases, or 30 or more diseases, or 40 or more diseases, or 50
or more diseases, or 60 or more diseases, or more. In embodiments, the plurality of disease-
causing agents causes a number of discases, wherein said discases are selected from viral
discases, bacterial discases, fungal discases, mycoplasma diseases, and other discases.

(692121 fn embodiments, the systems disclosed herein, and the methods disclosed
herein, may be used to perform all of a plorality of assays on a single small volame sample,
or an aliquot or aliquots thereof In crbodiments, a soall volume sample has g volume
selected from no more than about 1 mb., or 8o more than about 500 pL, or no more thag
about 250 ul., or no move than about 150 ul, or no more than about 100 pL, or no more than
abowt 75 ul, or no more than about SO pL., or no more than about 25 ul, or no more than
about 15 ub, or no more than about 10 gL, or no more than about § pl., or no more than
about 4 ul., or no more than abowut 3 ul., or no more than about 2 ul., or no more than about |

sk, or less than about 1 pl.
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(66213 In embodiments, the systems disclosed herein, and the methods disclosed
herein, may be used to perform all of a plurality of assays in a short time period. In
cmbodiments, such a short time period comprises less than about three hours, or less than
about 2 howrs, or less than about 1 hour, or Jess than about 50 minutes, or less than about 45
minutes, or less than about 40 minetes, or less than about 3 minutes, or less than about 20
minutes, or less than about 15 minutes, or less than about 10 minutes, or less than about 5
minuies, or less than about 4 minutes, or less than about 3 minutes, or [ess than about 2
minutes, or less than about 1 minute.

(86214} In embodiments, the plorality of discase-causing agents may cause a number
of discases, wherein said discasc-causing agents are selected from mycobacterium
taberculosis, staphyiococcus aureus (including methicillin-resistant staphylococeus aureus),
streptococcus {inchuding streptococeas Group A and streptococcus Group B), bordetella
pertussis, adenovirus (including adenovirus B, adenovirus C, and adenovirus B}, influenza,
parainflucnza, respiratory syncytial virus (RSV}, adenovirus, corona virus, bocavirus,
haemophilos paramfluenzae, human papilloma viras (HPV), hepatitis, lunman
mmmunodeficiency virus (HIV), herpes simplex virus (HSV), West Nile, Epsicin Barr,
Rhinovirus, and other viruses. In embodiments, the plurality of discase-causing agents causes
a number of diseases, wherein said disease-causing agents ave selected from streptococcus,
staphyiocoecus, bordetella pertussis, tuberculosis, enterobacteria, pseudomonas, dengue,
malaria, trypanosome cruzi, treponema pallidum, mycoplasma, chlamydia, Moraxella
catarrhalis, acinetobacter, logionella, Escherichia coli, candida, chlamydia, Neisseria,
richomonas, and other micrg-organismal discase-causing agents, including but not limited to
discasc-causing agenits named elsewhere herein,

[86215] In embodiments, the plorality of discase-causing agents may cause a number
of respiratory diseascs, wherein said number of respiratory diseases comprises 8 or more
respiratory diseases, or 10 or more respiratory diseases, or 12 or more respiratory diseases, or
14 or more respiratory discases, or 16 or more respiraiory diseases, or 18 or more respiratory
diseases, or 20 or more respiratory discases, or 30 or more respiratory diseases, or 40 or more
respiratory discases, or 50 or more respivatory diseases, or 60 or more respiratory diseases, or
BOTe.

(662167 In embodiments, the plorality of disease-causing agents may cause a number
of respiratory discases, wherein said respiratory diseases are sclected from vival discases,

bacterial diseases, fungal diseases, mycoplasma diseases, and other diseases.
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(68217 In embodiments, the ploarality of diseasg-causing agents may cause 8 number
of respiratory discases, wherein said respiratory disease-causing agents are sclected from
mycobacterium tubcrenlosis, staphylococcus aurcus (including methiciin-resistant
staphylococcus aureus), streptococcus (inchiding streptococeus Group A), bordetella
pertussis, adenovirus (including adenovirus B, adenoviras C, and adenovirus E},. In
embodiments, respiratory discase-causing agents may further include one or more of
mfluenza, parainfluenza, respiratory syneytial virus (RSV), adenovirus, corona virus,
bocavirus, haemophilus parainfluenzae, homan papilloma vires (HPV), hepatitis, lnman
mmmunodeficiency virus (HIV), herpes simplox viras (HSV}, West Nile, Epstein Barr,
Rhinovirus, and other viruses.

[80218] In embodiments, the plurality of discase-causing agents may cause influenza.
In embodiments, the influenya may be selected from mfluenza A influenza B, HINI
influenza {including scasonal and novel forms of influenza HINT), H3NZ infhienza, H7NS
nfluenza, HANT influenza, and other influcnzas.

(06219 In embodiments, the plurality of disease-causing agents may cause a sexually
transmitted discase. In embodiments, the sexually transmitted disease is selected from herpes
simplex vitus (HSV), human imamumodeficiency viras (HIV, including HIV-1, HIV-2,
melading HIV-2 Group A}, gonnorhea, syphilis, human papilloma viras (PPV), streptococcus
(including streptococcus B), treponema pallidum, and other sexually transmitted diseascs.

(862201 Further targets include drug-resistant micro-organisms, including those
exhibiting multi-drug resistance. Drug resistance (also termed antibiotic resistance) is found
where a population {or subpopulation) of a micro-organism, such as a bacterium, acquires or
exhibits resistance to one or more drags (e.g., one or more antibiotic). Micro-organisms that
are resistant to treatment by multiple drugs are termed to be “multi-drag resistant” and those
micro-organisms are termed to have or to exhibit “multi-drug resistance”; either term may be
abbreviated by “MDR”. Resistance to one or more drugs is observed, or exhibited, when a
population of micro-organisms survives (and typically contimies to grow and multiply in
number) despiie the presence of a drag, or (in the case of MDR) despite the presence of
multiple drugs. Drug-resistant organisms of particular interest include, but are not Hmited to,
Methicillin-Resistant Staphylococcus aurens (MRSA), vancomycin-intermediate 5. aureus
{(VISA )Y, vancomyein-resistant 5. qureus {VRSA), bacteria (e.g., Enterobacteriaceac) having
extended spectrum beta-lactamase (ESBL), Vancomycin-resistant Enferococcus (VRE), and
Mubtidrug-resistant 4. baumannii (MRAB). Drug-resistant target organisms, including MDR
target organisms, may be identified by pucleic acid markers, protein (or peptide) markers,
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other markers, or combinations thereof, as well as by observing their growth in the presence
of drugs.

(60221} Many antibiotic compounds include a B-lactam ring (a ring of four carbons);
for example, penicillin is an antibiotic having a f-lactam ring. Many bacteria have -
lactamase enzymes which can cleave a B-lactam ring, and thus protect the bactenia against
such antibiotics. Enzymes that can cleave a B-lactan ring, which are often found in Gram-
negative bacteria, include the TEM and ROB f-lactamase enzymes. Drug-resistant
Haemophilus influenzae bacteria may have the blaTEM or blaROB resistance gene (typically
bleTEM-1, although blaTEM-2 and blaROB-1 and others are also found}; other drug-
resistance markers found in disease-causing organisms inclade the KPC resistance gene
(found in Kichsiclia pneumonia carbapenemas (KPCY); mecA and mecC resistance genes
(responsible for resistance to B-lactam-containing antibiotics such as methiciliing;
vancomycin resistance genes A and B {(vanA and vanB) may be found in discase-causing
bacteria, such as, ¢.g., vancomycin resistant Enterococct; and others drug-resistance markers.

(96222} Disease-causing organisms of interest inchude viruses of the filoviridae family
of viruses (filo viruses), which inclodes Ebola viruses, Marburg viruses, and Cueva viruses.
Ebola viruses cause cbola virus disease (also known as Ebola hemorrhagic fover); Marburg
viruses also cause a hemorrhagic fever, the Marburg hemorrhagic fever; and Cueva viruses
such as Hovia virnus (LLOV), may be endemic in France, Spain, or Portugal. Such viruses
may be detected and may be identified in a sample from nucieic acid markers specific to
these viruses, from protein {peptide) markers specific to these viruses, and from other
markers specific to these viruses.

(662231 Filo viruses typically cause hemorrhagic fevers and related disorders. These
and other disgases may be detecied, and may be identified, by identifying nucleic acid
markers, peptide markers, and other markers, alone or in combination, as disclosed herein,
Filo viral diseases, other hemorrhagic fevers, and other diseases including many tropical
discases, ¢.g. Dengue 1, Dengue 2, Dengue 3, Dengue 4, malaria, typhoid, and other diseascs,
have many detrimental effects, including hemorrbage and internal biceding, and may cause
distuptions in electrolytes, may cause anemia, and may cause other symptoms and effects.
Integrated electrolyte assays (e.g., for sodivm, potassiom, and other electrolytes, including
sodivm and potassium together, and including sodium and potassium together with other
electrolytesy may identify subjects suffering from electrolyte imbalances, and may thus
dentify sobjects suffering from a hemorrhagic fever, from anemia, or both. Assays for
hemoglobin, for ron, and other assays may identify subjects suffering from ancmisa, from s
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hemorrhagic fever, or both. Anemia may be due to hemorrhage, parasitic infection {e.g.,
hookworm), both hemorrhage and parasitic infection, and other causes. Thus, in addition 1o
testing for nucleie acid, peptide, and other markers, these hemorrhagic and other disecases
may be detected, and may be identificd, with integrated clectrolyte measurements; with
hemoglobin measarements; with iron measgrements; and with other general chemistry
assays, alone or in combination. In embodiments, integrated electrolyte measurements,
hemoglobin, ron, or other general cheristry assays may provide indications that a subject
suffers from anemia, 2 hemorrhagic fover such as Ebola, Marburg, or other disgase such as
malaria or typhotd fever; such indication may be used to suggest further testing for markers
of such diseascs. Thus, in embodiments, electrolyte festing including sodiur and potassium,
ot other general chemistry assays, may be performed simultancously when testing for Ebola,
Marburg, or other hemorrhagic disease (e.g., when testing for nueleic acid, peptide, or other
markers for such diseases).

160224 In embodiments, such indications derived from general chemistry test results
{e.g., from the results of integrated clectrolyte measurements, hemoglobin, fron, or other
general chemistry assays) may actomatically trigger reflex testing for one or more
hemorrhagic fover discase markers, or malaria, typhotd fever, or other discase marker, and
may avtomatically trigger reflex testing for combinations or for all of such markers. In
embodiments, a subject may be tested for other diseases and not (initially) for Ebola,
Marburg, or other hemorrhagic discase {¢.g., a patient that is weak, or feverish, may not
mitially be tested for Ebola, Marburg, or other hemorrhagic disease); based on the resuits of
mtegrated electrolyte measurements, hemoglobin, iron, or other general chenustry assays, a
reflex test for Ebola, Marburg, or other hemorrhagic discase may be automatically performed,
or may be ordered by a health care professional. In embodiments, a patient or subject may not
wish 1o be tested for Ebola, Marburg, or other hemovrhagic disease, or other disease of
concern {€.g., a patient may fear quarantine, or may fear that the cost of the test might be
prohibitive} and thos may not initially be tested for Ebola, Marburg, or other hemorrhagic
discase; based on the resulis of integrated clectrobyte measurements, hemoglobin, iron, or
other general chomistry assays, a reflex test for Ebola, Marburg, or other hemorrhagic disease
may be automatically performed, or may be ordered by a health care professional. In
embodiments, such a reflex test for Ebola, Marburg, or other hemorrhagic disease, or other
disease of concern may be performed if the patient is first tested for one or more mfections

disease other than Ebola, Marburg, or other hemorrhagic disease, and the initial test panel
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does not show mfection of any known disease (and thus further testing would be required in
order to identify other possible sources of the subject’s disease or condition).

[08225] Methods, devices, and systems disclosed herein may be used to detect, and
may be used to identify, discase-causing organisms in normal or healthy individuals and
populations. Methods, devices, and systems disclosed herein may be used to detect, and may
be used to identify, benign organisms in normal or healthy individoals and populations. Soch
disease-causing organisms and such benign organisros may be detected, and may be
identified, in samples obtained from a normal individoal, ¢.g., once or on an on-going basis,
in order to determine 3 bascline or normal lovel for that individual when that individual is
healthy. Such detection of discase-causing and benign organisms may tochude detection of
nucleic acid markers; detection of protein {peptide) markers, including detection of
antibodies; detection of markers of inflammation (including both peptide and non-peptide
markers); and detection of other markers. Such identification of discase-causing and benign
organisms may include identification of nucleic acid markers; identification of protein
{peptidey markers, including identification of antibodies; identification of markers of
mflammation (inchuding both peptide and non-peptide markers); and identification of other
markers. Detection and identification of markers may include quantitative detection and
wdentification of such markers. Differences between the results from a sample and normal or
baseline results may be used to improve the likelihood of detecting whether or not an
ndividual suffers from a discase or condition. For example, determination of a baseline or
normal level for an individual aids in detecting, in identifying, and in diagoosing discase
conditions, or progression towards a discase or a detrimental condition, by comparison of
esulis from later-obtained samples to baseline or normal levels determined when the
ndividual as healthy. Such comparisons between an individual subicet’s results and bascline
ot normal levels found in prior results obtaimed from the individual when healthy can be used
to determine if1t is Hkely that the tndividual subject suffers from an infection. Such
comparisons may include consideration of symplons, if any, of that individual subject in
comparison to symptors (or the lack thereof) previously found for that individual when
healthy.

(68226 Such disease-causing organisms and such benign organisms may be may be
detecied, and may be ideuntified, in samples obtained from multiple individuals, ¢.g., once or
on an on-going basis, in order to determine a bascline or normal level found in a normal
(healthy) population. Such detection of disease-causing and benign organisms may inclode
detection of nucleic acid markers; detection of protein (peptide) markers, inchiding detection

G}
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of antibodics; detection of markers of inflammation (including both peptide and non-peptide
markers); and detection of other markers. Such identification of disease-causing and benign
organisms may include identification of nucleic acid markers; identification of protein
(peptide) markers, including identification of antibodies; identification of markers of
mflammation (including both peptide and non-peptide markers); and identification of other
markers. Detection and identification of markers may include quantitative detection and
wdentification of such marker, Differences between the resuits obtained from a sample from
an individeal subject and normal or baseline results obtained from a population of
comparable healthy individuals may be used to improve the lkelihood of detecting whether
ot not an individual subject suffers from a discase or condition. For example, determination
of a baseline or normal level for an individual subject aids in detecting, in 1dentifving, and in
diagnosing disease conditions, or progression towards a disease or a detvimental condition, by
comparison of results for the individual subject o baseline or normal levels found in a
population of comparable healthy individuals. Such comparisons between an individual
subject’s results and baseline or normal levels found in a healthy popolation can be used to

ctermine if it is likely that the ndividual subject suffers from an infection. Such
comparisons may include consideration of syraptoras, if any, of that individual subicct in
comparison to symptoms {(or the lack thercot) found in a healthy population.

(862271 In embodiments, such a system is a point-ofservice system (POS system),
wherein a POS systom is located at a point of service location. In embodiments, a POS
system 1s located at a point of service location and is contigured to accept a chinical samople
obtained from a subject at the POS location. In embodiments, a POS system 18 located at a
point of service location and 1s configured to accept a clinical sample obtained from a subject
at the POS location, and is further configured to analyze the clinical samiple at the POS
location. In embodiments, the clinical sample 18 a small volume clinical sample. In
embodiments, the clinical sample is analyzed in a short period of time. In embodiments, the
short period of time is determined with respect to the time at which sample analysis began. In
embodiments, the short period of time is deternined with respect to the time at which the
sample was mserted into a device for the analysis of the sample. In embodiments, the short
period of time is determined with respect to the time at which the sample was obtained from
the subject.

[86228] Applicants disclose herein methods for detecting the presence of a target
disease-causing agent, or marker indicative of the presence of a target discase-causing agent,
in a single small-volume sample or aliquot thercofl In cmabodiments, methods for detecting
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the presence of a plhurality of target discase-causing agents, or markers indicative thereof]
from: a single sample, or aliquot thercof, within a short period of time are disclosed. In
cmbodiments, the plurality of target discasc-causing agents, or markers fndicative thereof,

52

termed “targets”, comprises at least 5 targets, or at least 10 targets, or at least 15 targets, or at
least 20 targets, or at least 25 targets, or at least 30 targets, or at least 35 targets, or at least 40
targets, or at least 45 targets, or at least 50 targets, or at least 55 targets, or at lcast 60 targets,
or at feast 63 targets, or more. In embodiments, a short period of time is 2 period of time that
is five hours or less, or 18 four hours or less, or 1s three hours or less, or is two hours or less,
or is one hour or less, or is 50 minuics or less, or s 40 minutes or less, or is 30 minutes or
less, or is 20 minutes or less, or is 10 numutes or less, or is 5 minutes or less.

{85229} Apphicants disclose herein methods for detecting the presence of a target flu
virus molecule in a sample are disclosed herein, wherein the presence of a plurality of
possible target flu viruses are tested from a single sample within a short period of time. In
embodiments, the plurality of possible target flu viruses comprise at least S poessible target flu
viruses, or at least 10 possible target flu viruses, or at least 15 possible target flu viruses, or at
least 20 possible target flo viruses, or at least 25 possible target flu virases, or at least 30
possible target tha viruses, or at feast 35 possible target flu vituses, or at feast 40 possible
target flu viruses, or at least 45 possible target flu viruses, or at least 50 possible target flu
virases, or at least 55 possible target flu viruses, or at least 60 possible target fhu viruses, or at
lcast 64 possible target flu viruses, or at least 65 possible target flu viruses, or more.

[980236] Applicants further disclose herein methods for detecting the presence of a
plurality of target molecules in a single sample within a short period of time, wherein the
plurality of target molecules comprises mucleic acid molecules, or protein molecules, or
saccharides, or cytokings, or steroids, or histamine, or other molecules. Applicants further
disclose herein methods for detecting the presence of a plurality of target molecules in a
single sample within a short period of time, wherein the plorality of target molecoles
comprises nucleic acid melecules and protein molecules. Apphicanis further disclose herein
methods for detecting the presence of a plurality of target molecules in a single sample within
a short period of time, wherein the plurality of target molecules comprisces nucleie acid
molecuoles, protein molecules, markers of inflammation, and cytokines. Applicants further
disclose hercin methods for detecting the prosence of a plurality of target molecules ina
single sample within a short period of time, wherein the plorality of target molecules

comprises nucleic acid moleceles, protein molecules, and saccharides.
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(96231} Applicants disclose herein devices for use in systems and methods as
disclosed herein, Such devices include, for example, devices comprising a holder configured
to accept and retain a clinical sample (e.g., a clinical sample contained within a saraple
collection device); a reagent vessel or a phuwvality of reagent vessels; and a reaction vessel, or
a plurality of reaction vessels. In embodiments, such devices may further configured to
accept and retain one of more of a cytometry cavette or cuvetics; 8 waste coniainer or
containers; a tip, ot tips, configured 10 aspirate or release fluid; and other tools.

(66232 Applicants further disclose herein assays for the detection of ong or more of a
phurality of target molecules in a single sample within a short period of time, wherein the
plurality of target molecules comprises one or more of nucleic acid molecules, protein
molecules, saccharides, markers of inflammation, and cytokines. In embodiments, such
assays may be configured for use with systems and devices as disclosed herein,

(80233 Accordingly, Applicants disclose herein systems, devices, and methods,
meluding the following exemplary fntegrated systems.

(602343 Iy An integrated system for providing testing and diagnosis of a subject
suspected of saffering from a disease, said system comprising a means for obtaining a sample
{which may include, ¢.g., a samplc collection device comprising a lancet, a syringe, a needle
and tube, or other blood collection device; or a nasal swab, a mouth swab (e.g., a cheek
swab), a throat swab, a vaginal swab, or other swab, and fluid in which to immerse the swab
following contacting the swab with a subject); a cartridge comprising reagents for assays for
the discase; a device for running a plurality of assays for detecting a plurality of discases; a
device/ means for displaying/communicating the detection of one or more of said diseases.
Such integrated systoms may be configured for uses wherein the sample is 8 small vohume
sanple; for uses wherein detection 1s performed in a short period of time; or for uses both
wherein the sample is a small volume sarople and wherein detection is performed in a short
period of time,

(802353 2) An integrated system for providing testing and diagnosis of a subject
suspected of suffering from a respiratory disorder, said system comprising a means for

obtaining & sample {(which may include, e.g., a nasal swab, a throat swab, a mouth swab (e.g.,
a check swab), a vaginal swab, or other swab, and fluid in which o immerse the swab
following contacting the swab with a subject); a cartridge comprising reagents for assays for
respiratory disorders; a device for running a plurality of assays for detecting a plurahity of
respiratory disorders; a device/ means for displaying/commumicating the detection of one or

more of said respiratory disorders. Such integrated systems may be configured for uses

W
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wherein the sample is a small volume sample; for uses wherein detection is performed in a
short period of time; or for uses both whercin the sample is a small volume sanple and
wherein detection is performed in & short period of time.

(68236} 3) Anintegrated system for providing testing, diagnosis, and prescription of a
subject suspected of suffering from a respiratory disorder, said system comprising a means
for obtaining a samaple {(which may include, ¢.g., 2 nasal swab, a throat swab, a mouth swab
(¢.g., a cheek swab}, a vaginal swab, or other swab, and fluid in which to tromerse the swab
following contacting the swab with a subject); a cartridge comprising reagents for assays for
respiratory disorders; a device for running a plurality of assays for detecting a plurality of
respiratory disorders; a device/ means for displaying/coramunicating the detection of one or
more of said respiratory disorders; and means for providing a prescription for the treamment of
a respiratory disorder detected in said sample. Such integrated systems may be configured for
uses wherein the sample is a small volume sample; for uses wherein detection is performed in
a short period of time; or for uses both wherein the sample is a small volume saraple and
wherein detection is performed in a2 short period of time.

(86237} 4) An integrated system for providing testing, diagnosis, prescription, and
treatment of a subject suspected of suffering from a respiratory disorder, said system
comprising a means for obtaining a sample (which may inchude, e¢.g., a nasal swab, a throat
swab, a mouth swab {e.g., a cheek swab), a vaginal swab, or other swab, and fhuid in which to
immerse the swab following contacting the swab with a subject); a cartridge comprising
reagents for assays for respiratory disorders; & device for ranning a plurality of assays for
detecting a plurality of respiratory disorders; a device/ means for displaying/communicating
the detection of one or more of said respiratory disorders; means for providing a prescription
for the treatment of a respivatory disorder detected 1n said sample; and means for
providing/selling/delivering a treatment {drug/pill/shot) to said subject pursuant to said
prescription. Soch integrated systems may be configured for uses wherein the sample 1s
small volume sample; for uses wherein detection is performed in a short period of time; or for
uses both wherein the sample is a small volume sanmple and wherein detection is performed in
a short period of time.

(662381 Methods of detecting the presence of a target flu viros molecule in a sample
are disclosed herein, wherein the presence of a plurality of possible target flu viruses arg
tested from a single sample within a shovt period of time. In embodiments, the plurality of
possible target fhi viruses comprise at least 5 possible target flu viruses, or at least 10
possible target flu viruses, or at least 15 possible target flu viruses, or at least 20 possible
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target tlu viruses, or at least 25 possible target flu viruses, or at least 30 possible target flu
viruses, or at least 35 possible target flu viruses, or at least 40 possible target flu viruses, or at
least 45 possible target flu virases, or at least 50 possible target flu viruses, or at feast 55
possible target flu viruses, or at least 60 possible target flu vivuses, or at least 64 possible
target flu viroses, or at least 65 possible target flu viruses, or more. In embodiments, a short
period of time i3 a period of time that 15 five hours or less, or is four hours or less, or is three
hours or less, or is two hours or less, or is one hour or less, or is 50 nuinutes or less, or is 40
minutes or less, or is 30 minutes or fess, or is 20 minutes or less, or is 10 munutes or less, or is
3 minutes or less.

[60239; Methods of detecting the prescuce of 2 respiratory discase-causing agent ing
subject suspected of having a respiratory disorder, wherein the presence of a plurality of
possible respiratory disease-causing agents are tested from a single sample using both nucleic
acid testing and protein tosting, whercin nucleic acid testing comprises detection of the
presence of target nucleic acid sequences, and wherein protein testing comprises detection of
the presence of target proteins having target amino acid sequences. [n embodiments, target
nucleic acid scquences may comprise sequences having at least 8 nucleotides, or at least 10
nucleotides, or at least 15 nucleotides, or at least 20 nucleotides, or at least 30 nucleotides, or
at least 40 nucleotides, or at least SO nucleotides, or more, that are identical, or closely
similar, to target nucleotide sequences. In embodiments, target aming acid sequences may
comprise sequences having at least 8 amino acids, or at least 10 amino acids, or at least 13
amino acids, or at fcast 20 amino acids, or at least 30 amino acids, or at least 40 amino acids,
or at least S0 amine acids, or more, that are identical, or closely similar, to target amino acids
Sequences.

[80240] In embodiments, a respiratory disease-causing agent 18 detected if more than s
minmimum level of such respiratory disease-causing agents is detected in a small-volume
sample obtained from a sobject, wherein the small-vohome sample is tested for the presence
of a plorality of respiratory discase-causing agents. In embodiments, the small-volume

7
7

saraple is 150 pb or less in velume, or 18 75 ull or less in volume, or is 50 ul. or less in
volume, or 15 25 pb or less in volume, oris 15 pL or less in volume, or is 10 ul. or less in
volume, or is 5 ul or less in volume.

[36241] Embodiments of methods disclosed herein include methods in which a
discase-causing agent is detected if move than a mindmum level of such discase-causing
agents is detected in a small-volume sample obtained from a subject. For example, such

methods include mothods wherein a small-volume sample is tested for the presence of a
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plurality of discasc-causing agents. In embodiments of such methods, that minimum level
may be set at a fevel that is determined by the condition of the subject. The mintmum level
may be set at a higher level for subjects who exhibit symptoms of active infoction. The
minimum level may be set at a lower level for subjects who are receiving treatment for an
mfection at the time the sample was obtained. The minimuom level may be set at a lower Jevel
for subiects who have received treatment for an infoction prior to the time the samplc was
obtained, ¢.g., who have recently received freatment for an infection prior to the time the
sample was obtained.

[66242] In embodiments, the sample may be diluted prior {o festing for the presence of
a plurality of discasc-causing agents. In cmbodiments, such dilution of a sample is greater for
subjects who have a condition which indicates they may have higher levels of disease-
causing agents than sabiect who do not have that condition, or than subjects who have a
different condition.

[66243] Embodiments of methods disclosed herein include methods in which a
respiratory discase-causing agent is detected 1f more than a mintmum level of such
respiratory disease-causing agents is detected in a small-volume sample obtained from a
subject. For example, such methods jnclhude methods wherein a small-volume sample is
tested for the presence of a plurality of respiratory disease-causing agents. In embodiments of
such methods, that minimum level may be set at a level that is determined by the condition of
the subject. The minimum level may be sct at a bigher level for subjects who exhibit
sympteros of active infection. The roiniowm level may be set at a lower level for subjects
who are receiving treatment for an infection af the time the sample was obtained. The
miniom level may be set at a lower level for subjects who have received treatment for an
nfection prior fo the time the sample was ebtained, ¢.g., who have recently received
treatment for an infection prior to the time the sample was obtained.

(0802441 In embodiments, the sample may be diluted prior to testing for the presence of
a plurality of discase-causing agents, such as respiratory discase-causing agents. In
embodiments, such dilution of a samaple is greater for subjects who have a condition which
mdicates they may have lugher levels of disease-causing agents, such as respiratory disease-
causing agents, than subject who do not have that condition, or than subjects who have a
different condition.

[66245] For example, conditions which indicate that a subject may have higher levels
of diseasc-causing agents, such as vespivatory disease-causing agents, inclade subjects with
an active infection; subjects who have a cough, inchuding a persistent cough; subjects who
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have a fever; subjects who report chills; subjects who report fatigue; subjects whe report a
headache; subjects who have sweats; and subjects who have or report other symptoms
ndicative of an active infection.

[686246] For example, conditions which indicate that a subject may not have higher
levels of disease-causing agents, such as respiratory disease-causing agents, include subjects
currenily receiving treatment for infection: subjects who recently received treatment for
infection; subjects currently receiving, or who recently received treatment for, & cough,
mchiding a persistent cough; a fever; chills; fatigue; headache: sweats; or other symptoms or
indication of an infection.

(66247} In embodiments of methods in which a disease-causing agends, such as 2
respiratory disease-causing agent, is detected if more than a minimum level of such disease-
causing agent (¢.g., a respiratory discase-causing agent) is detected in a small-volume sample
obtained from a subject, wherein the small-volome sample is tested for the presence of a
plurality of discase-causing agents, such as respiratory discase-causing agents, the mintoum
fevel is set at a higher lovel for subjects who have not been recently diagnosed with a disease,
such as a respiratory discase, than the mininmum level set for subjocis who have been recontly
dizgnosed with a disease {such as a respiratory discase). In erohodiments, the sample may be
dihuted prior to testing for the presence of said plurality of disease-causing agents, such as
respiratory disease-causing agents. In embodiments, such dilution of a sample is greater for
subjects who have not beeon recenily diagnosed with a discase, such as a respiratory disease,
than the dilution of samples obtained froms subjects who have been recently disgnosed with a
discase, such as a respiratory disease.

[86248] In embodiments, the sample may be further tested for the presence of
imdicators of inflammation. For example, the sample may be further tesied for the presence of
higher than normal levels of glucocorticoids such as cortisol (e.g., in the blood, or in saliva,
or tears, or other bodily fluid or sample obtained by a swab). For example, the sample may be
further tested for the presence of higher than normal levels of histamine (e.g., in the bioad, or
1 saliva, or tears, or other bodily fluid or sample obtained by a swab). Further indicators of
mflammation include, without hmitation, increased levels of prostaglandins, increased levels
of inflammatory cytokines (inchuding, e.g., tomor necrosis factor alpha (TNF-o), interleukin-
1 (IL-1), mterieukin-8 (IL-8), interfoukin-12 (1L-12), interleukin-18 (IL-18), and inierferon
gamma {{F-y)}, bradykinin, complement system molecules, blood-clotting factors, Cveactive
protein, erythrocyte sedimentation rate (ESR), white blood cell count, morphological changes
i blood and other cells, and other molecular and cellular markers indicative of inflammation.
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In addition, a subject may be examined, or asked to self-report, sympioms of inflammation,
such as, ¢.g., swelling, redness, pain, or sensation of heat of an affected area or tissue.

[60249i In embodiments, the samaple may be further tested for the presence of a
cyiokine or of a plurality of cvtokines. In embodiments, the sample may be firther tested for
the level of a cytokine or of a phuality of cytokines. In embodiments, the target cytokine is
selected from a lymphoking, a chemoking, an interleukin, and an interferon. In embodiments,
the target cytokines are selected from fymphokines, chemokines, nterleukins, and
mterferons. In embodiments, the cytokine may be an mflammatory cytokine. In
cembodiments, the cytokine may be an anti-inflammatory cytokine. In embodiments, a target
cvtokine may be a an interleukin (1L} selected from 11-1, [L-2, 1L-3, IL-4, 1L-5, 1L-6, 1L-7,
-8, TL-9, TL-10, Th-11, 12, TL-13, TE-14, 1L-15, 10-16, TL-17, TE-18, TL-19, TL-20, T~
21, and other mterleukins. In embodiments, a target cytokine may be a chemokine selected
from an o chemokine {also termed a CXC chemekine), 3 P-chemokine {also termed a CC-
chemokine}, a y-chemokine (also termed a C-chemokine), and a d-chemokine (also fermed a
CXaC-chemokine). In embodiments, a target cytokine may be a member of the tumor
necrosis factor (TNF) family.

(602581 In embodiments, the same sample may be tested for discase-causing agents
and for cytokines. In embodiments, the same sample may be tested for respiratory disease-
causing ageunts and for cytokines.

(802513 In embodiments, the sample may be further tested for the presence of/
antibodics to a discase-causing agent. [n embodiments, the same sample may be tested fora
plurality of discasc-causing agents, and for antibodies to a plurality of disease-causing agents.

(86252} In embodiments, the sample may be further tested for the presence of
antibodies to a respiratory discasc-causing agent. In embodiments, the same sampie may be
tested for a plurality of respivatory disease-causing agents and for antibodies to a plurality of
respiratory disease-causing agents.

[80253] Methods of detecting the presence of a target flu virus molecule in a sample
arc disclosed herein, wherein the presence of a plurality of possible target flu viruses are
tested from a single sample using both nueleic acid testing and protein testing, wherein
nucleic acid testing comprises detection of the presence of target nocleic acid sequences, and
wherein protein testing comprises detection of the presence of target proteins having target
amino acid sequences. In embodiments, target nuecleic acid sequences may comprise
sequences having at least 8 nucleotides, or at least 10 nucleotides, or at least 15 nucleotides,
or at least 20 nucleotides, or at least 30 nucleotides, or at least 40 nucleotides, or at least 50
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nucleotides, or more, that are identical, or closely similar, to target nucleotide sequences. In
embodiments, target amine acid sequences may comprise sequences having at least € amino
acids, or at least 10 amino acids, or at fcast 15 amino acids, or at least 20 amino acids, or at

feast 30 amino acids, or at least 40 aminoe acids, or at least 30 amino acids, or more, that are
identical, or closely similar, to target amino acids sequences.

[86254] In embodiments, the plurality of possible target flu viruses comprise at icast 5
possible target flu viruses, or at least 10 possible target flu viruses, or at Ieast 15 possible
target flo viruses, or at least 20 possible target flu viruses, or at least 25 possible target flu
viruses, or at least 30 possible target flu viruses, or at least 35 possible target flu viruses, or at
least 40 possible target flu viruses, or at least 45 possible target flu viruses, or at least 50
possible target flu viruses, or at least 55 possible target flu viruses, or at least 60 possible
target flu virases, or at least 64 possible target flu viruses, or at least 65 possible target flo
VIruses, OF More.

[00255] The assays and methods disclosed herein may be performed on a device, or on
a system, for processing a sample. Such a sample may be a small-volume clinical sample.
The assays and methods disclosed herein can be readily incorporated into and used in device
for processing a sample, or a system for processing a sample, which may be an automated
assay device, or may be an automated assay system. Such a device, and such a system, may
be useful for the practice of the methods disclosed herein. For example, a device may be
useful for receiving a sample. A device may be useful for preparing, or for processing a
saraple. A device may be uscful for performing an assay ou a sample. A device may be usefl
for obtaining data from a sample. A device may be usetal for tramsmitting data obtained from
a sample. A device may be vseful for disposing of a sample following processing or assaying
of a sample.

{85256} The assays and methods disclosed herein can be readily incorporated into and
used in an automated assay device, and in an automated assay systenm. For example, systems
as disclosed herein may touclude a communication asserably for transmitting or receiving a
protocol based on the analyte to be detected (¢.g., a particular discase-causing agent or
marker indicative of a particular discase-causing agent) or based on other analytes to be
detected by the device or system. In embodiments, an assay protocel may be changed based
on optimal scheduling of a plurality of assays to be porformed by a device, or may be
changed based on resuits previously obtained from a sample from a subject, or based on
results previously obtained from a different sample from the subject. In embodiments, a
communication assembly may comprise a channel for communicating information from said
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device to a computer, said wherein said chanmel is selected from a computer network, a
telephone network, a metal communication link, an optical communication Hnk, and a
wircless commmunication Hink. In embodiments, systens as disclosed herein may transmit
signals to a central location, or to an end vser, and may include a communication assembly
for transmitting such signals. Systems as disclosed herein may be configored for updating a
protocol as noeded or on a regular basis.

(864257 A device may be part of a systen, a compoenent of which may be a sample
processing device. A device may be a sample processing device. A sample processing device
may be configured to facilitate collection of a sample, prepare a sample for a clinical test, or
ctfect a chemical reaction with one or more reagents o7 other chemical or physical
processing, as disclosed herein. A sample processing device may be configured to obtain data
from a sample. A sample processing device may be configured to transmit data obtained from
3 sampic. A sample processing device may be configured to analyze data from a sample. A
saraple processing device may be configured to communicate with another device, or a
laboratory, or an ndividual affiliated with a laboratory, to analyze data obtained from a

sample.

(80258} A sample processing device may be configured to be placed in or on a subject.
A sample processing deviee may be configured o accept a sample from a subject, either
directly or indirectly. A sample may be, for example, a blood sample (e.g.. a sample obtained
from a fingerstick, or from venipuncture, or an arterial blood sanple), a urine saopie, a
biopsy sample, a fissue shce, stool sample, or other chinical sample; a water sarople, a soi
sample, a food sample, an air sample; or other sample. A blood sample may comprise, e.g.,
whole blood, plasma, or scrum. A sample processing device may receive a sample from the
subject through a housing of the device. The sample collection may occur at a sample
collection site, or elsewhere. The sample may be provided to the device at a sample

collection site.

(86259} In some embodiments, a sample processing device may be configured to
accept or hold a cartridge. In some embodiments, a sample processing device may comprise a
cartridge. The cartridge may be removable from the samplc processing device. In some
embodiments, a sample may be provided to the cartridge of the sample processing device.
Alternatively, a sample may be provided to another portion of a sample processing device.
The cartridge and/or device may comprise a sample collection unit that may be configured to

accept a sample.
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(86260} A cartridge may include a sample, and may mchide reagents forase in
processing or testing a sample, disposables for use in processing or testing a sample, or other
materials, Following placement of a cartridge on, or insertion of & cartridge into, a sample
processing deviee, one or more components of the cartridge may be brought into fluid
conumunication with other components of the sample processing device. For example, if a
sample is collected at a cartridge, the sample may be transferred to other portions of the
saraple processing device, Similarly, if one or more reagents are provided oun a cartridge, the
reagents may be transferred to other portions of the sample processing device, or other
components of the sample processing device may be brought to the reagents. In some
cmbodiments, the reagents or components of a cartridge may remain on-board the cartridge.
In some embodiments, no fluidics are included that require tubing or that require maintenance

(e.g., manual or automated maintenance).

(802613 A sample or reagent may be transferred to a device, such as a saraple
processing device. A sample or reagent may be transferred within a device. Such transfer of
sample or reagent may be accomplished without providing a continuous fhiid pathway from
cartridge to device. Such transfer of sample or reagent may be accomplished without
providing a continuous fluid pathway within a device. In embodiments, such transfer of
sample or reagent may be accomplished by a sample handling system (e.g., a pipette); for
example, a sample, reagent, or aliguot thercof may be aspirated tnto an open-tipped transfer
component, such as a pipetie tip, which may be operably connected 1o a sample handling
system which transfers the tip, with the sample, reagent, or aliquot thereof contained within
the tip, to a location on or within the sample processing device. The sample, reagent, or
aliquot thereot can be deposited at a location on or within the sample processing device.
Sample and reagent, or multiple reagents, may be mixed using a sample handling system ina
similar manner. One or more components of the cartridge may be transferred in an astomated

fashion to other portions of the sample processing device, and vice versa.

(86262} A device, such as a sample processing device, may have a fluid handhing
system. A fluid handling system may perform, or may aid in performing, transport, dilution,
extraction, aliquotting, mixing, and other actions with a fluid, such as a sample. In some
embodiments, a fhuid bandling system may be contained within 2 device housing. A fluid
handling system may permit the collection, delivery, processing and/or transport of a fhud,
dissolution of dry reagents, mixing of liquid and/or dry reagents with a Hquid, as well ag

collection, delivery, processing and/or transport of non-fluidic compounents, samples, or
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materials. The fhad may be a sample, a reagent, diluent, wash, dye, or any other fluid that
may be used by the device, and may tnclude, but not limited fo, homogenous fluids, different
Higuids, emulsions, suspensions, and other thaids. A fluid handling system, including without
Limitation a pipette, may also be used to transport vessels (with or without fhuid contained
therein} arcund the device. The fluid handhing system may dispense or aspirate a fluid. The

sample may include one or more particulate or solid matter floating within a fluid.

(66263 In embodiments, a fhad handling system may comprise a pipetie, pipette tip,
syringe, capillary, or other component. The fluid handling system may have portion with an
iterior surface and an exterior surface and an open end. The fluid handbing syster may
comprise a pipette, which may include a pipette body and a pipetie nozzle, and may comprise
a pipetie tip. A pipette tip may or may not be removable from a pipette nozzle. In
embodiments, a fhiid handling system may use a pipeite mated with a pipette tip; a pipette tip
may be disposable. A tip may form a fluid-tight seal wheo mated with a pipetic. A pipetic tip
may be used once, twice, or more times. [n embodiments, a fluid handling system may use a
pipette or similar device, with or without a pipetic tip, to aspirate, dispense, mix, transport, or
otherwise handle the fluid. The thaid may be dispensed from the fluid handling system when
desired. The thid may be contained within a pipette tip prior to being dispensed, ¢.g., from
an orifice in the pipette tip. In embodiments, or instances during ase, all of the fluid may be
dispensed; in other embodiments, or instances during use, a portion of the fluid within a tip
may be dispensed. A pipette may sciectively aspirate a fluid. The pipette roay aspirate a
selected amount of flaid. The pipetic may be capable of actuating stivving mechanisms 1o mix
the fluid within the tip or within a vessel. The pipette may mncorporate tips or vessels creating
conttmuous flow loops for mixing, including of materials or reagents that arc in norn-liguid
form. A pipette tip may also facilitate mixture by metered delivery of multiple flinds

simulancously or in sequence, such as in 2-part substrate reactions.

(60264 The fluid handling system may inchide one or more fluidically isolated or
hydraulically independent units. Forv example, the fluid handhing system may melade one,
two, 0r more pipette tips. The pipetie tips may be configered to accept and confine a fluid.
The tips may be fluidically isolated from or hydraulically independent of one another. The
fluid contained within each tip may be fluidically isolated or hydraulically independent from
one fhids in other tips and from other fluids within the device. The fhudically isolated or
hydrautically independent units may be movable relative to other portions of the device

and/or one another. The fluidically isolated or hydraulically independent units may be
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imdividually mevable, A fluid handling system may comprise one or more base or support, A
basc or support may support one or more pipette or pipette units. A base or support may

conmect one ot more pipettes of the fluid handling system to one another,

(986265} A sample processing device may be configured to perform processing steps or
actions on a sample obtained from a subject. Sample processing may include sampie
preparation, including, e.g., sample dilation, division of a sample into aliquets, extraction,
contact with a reagent, filtration, separation, centrifugation, or other preparatory or
processing action of step. A sample processing device may be configured to perform one or
more sample preparation action or step on the sample. Optionally, a sample may be prepared
for a chemical reaction and/or physical processing step. A sample preparation action or step
may include one or more of the following: centrifugation, separation, filtration, dilation,
enriching, purification, precipitation, incubation, pipetting, transport, chromatography, celi
bysis, cytometry, pulverization, grinding, activation, ulrasonication, micro column
processing, processing with magnetic beads, processing with nanoparticles, or other sample
preparation action or steps. For example, sample preparation may include one or more step
to scparate blood inte serum and/or particulate fractions, or to separate any other sample inte
varions components. Sample preparation may include one or more step to dilute and/or
concentrate a sample, such as a blood sample, or other chinical samples. Sample preparation
may include adding an anti-coagulant or other ingredient to & sample. Sample preparation
may also inchude purification of a sampie. In embodimenis, all sample processing,
preparation, or assay actions ot steps are performed by a single device. In embodiments, all
sample processing, preparation, or assay actions or steps are performed within a housing of a
single device. In ombodiments, most sample processing, preparation, ot assay achons of steps
are performed by a single device, and may be performed within a housing of a single device.
In emboediments, many sample processing, preparation, OF assay actions or steps are
performed by a single device, and may be performed within a housing of a single device. In
embodiments, sample processing, preparation, ot assay actions or steps may be performed by

more than one device.

(662667 A sample processing device may be configured 0 run one or more assay on a
sample, and to obtain data from the sample. An assay may include one or more physical or
chemical treatments, and may inchide running one or more chemical or physical reactions. A
sample processing device may be configured to perform one, two or more assays on a small

sample of bodily fluid. One or more chendeal veaction may take place on a sample having a
X Y

W
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volume, as described elsewhere herein. For example one or more chemical reaction may take
place in a pill having less than femtoliter volumes. In an instance, the sample collection unit
is configured to receive a volume of the bodily fluid semple equivalent to a single drop or
less of blood or nterstitial fluid. In embodiments, the volume of a sample may be a small
volume, where a small volome may be a volume that is less than about 1000 uL, or less than
about 500 ul., or less than about 250 ul, or less than about 150 uk., or less than about 100
il or less than about 75 ul., or less than about 50 pl, or less than about 40 pl, or less than
about 20 ul, or less than about 10 yL, or other small volume. In embodiments, all sample
assay actions or steps are performed on a single sample. in embodiments, all sampic assay
actions or steps are performed by a single device. In embodiments, all sample assay actions
or steps are performed within a housing of a single device. In embodiments, most sample
assay actions or steps are performed by a single device, and may be performed within a
housing of a single device. In embodiments, many sample assay actions or steps are
performed by a single device, and may be performed within a heusing of a single device. In
embodiments, sample processing, preparation, or assay actions or steps may be performed by

more than one device,

(89267} A sample processing device may be configured to perform a phwality of
assays on a sample. In embodiments, a sample processing device may be configured to
perform a plurality of assays on a single sampic. In eubodiments, a sample processing device
may be configured to perform g plurality of assays on a single sample, where the sample is a
small sample. For example, a small samiple may have a sample volame that is a small volume
of less than about 1000 L, or less than about 500 pL, or less than about 250 pl., or less than
about 150 ul., or less than about 100 ul., or less than about 75 ul., or less than about 50 pl,
ot less than about 40 pl., or less than about 20 pL., or less than about 10 pl, or other small
volume. A sample processing device may be capable of performing multiplexed assays on a
single sample. A plurality of assays may be ran simuitancously; may be ron sequentialiy; or
some assays may be run simultancously while others are run sequentially. Oue or more
control assays and/or calibrators (e.g., including a configuration with a control of a calibrator
for the assay/tests) can also be incorporated into the device; control assays and assay on
calibrators may be performed simultancously with assays performed on a sample, or may be
performed before or after assays performed on a sample, or any combination thereof. In
embodiments, all sample assay actions or steps are performed by a single device. In

embodiments, all of a plovality of assay actions or steps are performed within a housing of a
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single device. In embodiments, most sample assay actions or steps, of a plurality of assays,
are performed by a single device, and may be performed within a housing of a single device.
In embodimernts, many sample assay actions or steps, of a plurality of assays, are performed
by a single device, and may be performed within a housing of a single device. In
embodiments, sample processing, preparation, or assay actions or steps may be performed by

more than one device.

(662681 In embodiments, all of a plurality of assays may be performed in a short time
period. In embodiments, such a short time period comprises less than about three hours, or
less than about two hours, or less than about one hour, or less than about 40 minuies, or less
than about 30 munutes, or less than about 25 minutes, or less than about 20 mimstes, or less
than about 15 minugtes, or less than about 10 minutes, or less than about 5 mimutes, or less
than about 4 minutes, or less than about 3 minutes, or less than about 2 minutes, or less than

about 1 minute, or other shott time period.

(662697 A sample processing device may be configured o detect one or more signals
relating to the sample. A sample processing device may be configured to wdentify one or more
properties of the sample. For instance, the sample processing device may be configured to
detect the presence or concentration of one analyte or a phurality of analytes or a discase
condition in the sample {¢.g., in or through a bodily fluid, secretion, tissue, or other sample).
Aliernatively, the sanple processing device may be configired to detect a signal or sigoals
that may be analyzed to deteet the presence or concentration of one or more analytes (which
may be indicative of a discase condition) or a discase condition in the sample. The signals
may be analyzed on board the device, or at another location. Rurnming a clinical test may or

may not mclade any analysis or comparison of data collected.

(86270} A chemical reaction or other processing step may be performed, with or
without the sample. Examples of steps, fests, or agsays that may be prepared or run by the
device may nclude, but are not Hmited to immunoassay, nucleic acid assay, receptor-based
assay, cytometric assay, colorimetric assay, enzymatic assay, electrophoretic assay,
clectrochemical assay, spectroscopic assay, chromatographic assay, microscopic assay,
tepographic assay, calorimetric assay, turbidmetric assay, agglutination assay, radioisotope
assay, viscometric assay, coagulation assay, clotting time assay, protein synthesis assay,
histological assay, culture assay, csmolarity assay, and/or other types of assays,
centrifugation, separation, filtration, dilution, coriching, purification, precipitation,

pulverization, incubation, pipetting, transport, cell ysis, or other sample preparation action or
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steps, or combinations thereof. Steps, tests, or assays that may be preparved or run by the
device may include imaging, including microscopy, cytometry, and other techniques
preparing or utilizing images. Steps, tests, or assays that may be prepared or run by the device
may further include an assessment of histelogy, morphology, kinematics, dynamics, and/or

state of a sample, which may include such assessment for cells.

(96271} A device may be capable of performing all on-board steps (e.g., steps or
actions performed by a single device) in a short amount of time. A device may be capable of
performing all on-board steps on a single samplc in a short amount of time. For example,
from sampie collection from a subicet to transioitting data and/or to analysis may take about
3 howrs or less, 2 hours or less, 1 howr or less, 50 mimutes or less, 45 miumstes or less, 40
minutes or less, 30 minutes or less, 20 minutes or less, 15 minutes or less, 10 mimutes or fess,
5 minmtes or less, 4 minugtes or legs, 3 minutes or fess, 2 minutes or less, or 1 minute or less.
The amount of time from accepting a sample within the device 1o transmitting data and/or to
analysis from the device regarding such a sample may depend on the tvpe or number of steps,
tests, or assays performed on the sample. The amount of time from accepting a saraple within
the device to transmitting data and/or to analysis from the device regarding such a sample
may take about 3 hours or less, 2 hours or less, 1 hour or less, SO minutes or less, 45 minutes
or less, 40 mingies or less, 30 minutes or less, 20 mimates or less, 15 minutes or less, 10
minutes or less, 5 minutes or less, 4 minutes or less, 3 minutes or less, 2 minutes or kess, or 1

minute or less.

(66272} A device may be configured to prepare a sample for disposal, or to dispose of

a sample, such as a clinical sample, following processing or assaying of a sample.

(86273} In embodiments, a sample processing device may be configured to transmit
data obtained from a sample. In embodiments, a sample processing device may be configured
o convuumicate over a network. A sample processing device may include a communication
modale that may interface with the network. A sample processing device may be comected
i the network via a wived conmection or wirelessly. The network may be a local area
network (LAN) or a wide area nctwork {WAN) such as the Internet. In some embodiments,
the network may be a personal arca network. The network may include the cloud. The
sample processing device may be connected to the network without requiring an intermediary
device, or an intermediary device may be required to connect a sample processing device to a
network. A sample processing device may commumicate over a network with another device,

which may be any type of networked device, inchading but not limited 1o a personal
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compuiter, server compniter, or laptop computer; personal digital assistants (PDAs) suchas a
Windows CE device; phones such as cellular phones, smyartphones (¢.z., iPhone, Android,
Blackberry, etc.), or location-aware portable phones (such as GPS); a roaming device, such as
a network-connected roaming device; a wireless device such as a wiveless email device or
other device capable of commumicating wireless with a computer network; or any other type
of network device that may communicate possibly over a network and handle electronic
transactions. Such communication may include providing data to a cloud computing
mfrastructure or any other type of data storage infrastractore which may be accessed by other

devices.

(89274} A sample processing device may provide data regarding a sample to, e.g., a
health care professional, a health care professional location, such as a laboratory, or an
affiliate thereof. One or more of a laboratory, health care professional, or subject may have a
network device able to receive or access data provided by the sample processing device, A
sample processing device may be configured to provide data regarding a sample to a
databasec. A sample processing device may be configured (o provide data regarding a sample
te an electronic medical records system, 10 a laboratory information system, 1o a laboratory
automation system, or other system or software. A sample processing device may provide

data in the form of a report.

[986275] A laboratory, device, or other entity or software may perform analysis on data
regarding & sample i real-time. A software system may perform chemical analysis and/or
pathological analysis, or these could be distributed amongst combinations of lab, clinical, and
spocialty or expert personuel. Analysis may inchide qualitative and/or quantitative evalnation
of a sample. Data analysis may include a subsequent qualitative and/or quantitative
evaluation of a sample. Optionally, a report may be generated based on raw data, pre-
processed data, or analyzed data. Such a report may be prepared so as to maintain
confidentiality of the data obtained from the sample, the identity and other information
regarding the subject from whom a sample was obtained, analysis of the data, and other
confidential information. The report and/or the data may be transmitted to a health care
professional. Data obtained by a sample processing device, or analysis of such data, or
reports, may be provided to a database, an electronic medical records system, to a laboratory

mformation system, to a laboratory actomation system, or other system or software.

Nucleic Acid Detection
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(66276 Markers indicative of a disease, such as a respiratory disease, inchude nucleic
acid markers. Such nucicic acid markers include, for example, viral nucleic acids, or portions
thereof, bacterial nucleic acids, or portions thereot;, and nucleic acids, or portions thereod,
derived from other micro-organisms. Methods for detecting nucleic acid markers in a sample,
mclading in 3 small vohume sample, inchide methods in which small amounts of nucleic acid
may be amplified (¢.g., copies made). For example, polymerase chain reaction (PCR) and
related methods are common methods of nucleic acid amplification. PCR s discussed, for
example, i in U.S. Pat. No. 4,683,195; and generally in Mullis et al., Cold Spring Harbor
Symposiom on Quantitative Biology, volume 51:263 (1987); Erlich, ed., PCR Technology
{Stockton Press, NY, 1989). PCR is ong, bui not the only, exanple of a nucleic acid
polymerase reaction method for amphifying @ nucleic acid test sample comprising the use of a
known nucleic acid as a primer and a nucleic acid polymerase to amplify or generate a
specific picce of nucleic acid. Further discussion of PCR and other methods may be found,
for examiple, in Molecular Cloning A Laboratorv Manual by Green and Sambrook, Cold
Spring Harbor Laboratory Press, 4™ Bdition 2012, which is incorporated by reference herein
in its entirety. PCR and many other amplification methods must be performed at muiltiple
different temperatures, requiring repeated temperature changes during the PCR reaction
(“thermal cycling”). Other amplification methods, such as, e.g., loop-mediated isothermal
amplification (“LAMP”) (see, c.g. ULS. Patent No. 6,410,278}, and other methods, including
methods discussed below, require less or less extensive thermal cycling than does PCR, or

require no thermal cycling.
Nucleic Acid Amplification and Detection Methods without Thermal Cvciing

(686277} Methods for nucleic acid amplification which do not require thermal cyeling
are described in United States Patent Application 61/800,606, filed March 15, 2013,
ncorporated by reference hercin o its entirety. Such methods may be used to detect nucleic
acid markers of discase, such as respiratory disease, i small-velome samples in short periods
of time. Such methods ave discussed below, and examples of vesults obtained with such
methods, from small samples and in short periods of time, are presented in the Figures and
Examples disclosed herein. In the following, such methods are termed “non-cycling

s

amplification methods.

(86278} Non-cycling amplification methods of nucleic acid amplification may be
applied to double-stranded DNA. However, target nucleic acid molecules need not be imited

to double-stranded DNA targets; for example, double-stranded DNA for use in non-cycling
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amplification methods deseribed herein may be prepared from viral RNA, or mBNA, or other
single stranded RNA target sources, by reverse transcriptase. In further example, double-
stranded DNA for use in non-cycling amplification methods described herein may be
prepared from single-stranded DNA targets by DNA polymerase. Such methods may be
applied as an initial step, prior to application of the non-cycling amplification methods

discussed below.

(662791 Amplification of a double-stranded DNA target, for example, begins with a
primary double-siranded DNA to be amplified (termed the “primary nucleic acid” in the
following). The primary sucleic acid contains a target region termed a template region; the
template region has a template sequence. Such a double-stranded template region contains a
first DNA strand and a complementary second PNA strand, and includes a 5 terminal
nucleotide in one strand and a 3” terminal nucleotide in the other strand that are

complementary to each other.

(66280} A first primer and a sccond primer are provided which each have template-
binding regions and tail regions; the primer template-binding regions are complementary to
the target template regions. The tail regions of the primers may contain three components: )
the 57 terminal nucleotide of the primer, b} an innermost nucleotide, wherein the innermost
nucleotide is downstream from the 5 terminal nucleotide, and ¢} a middie section between
the 53" terminal nucleotide and the innermost nucleotide, coraprising one or more nuckeotides.
In addition, at least portions of the two primer tail regions may be complementary to each

other when properly afigned.

(66281} [t should be noted that although the tail region of the second primer may
contain a micleotide sequence which is complementary to the nucleotide sequence of the tail
region of the first primer, typically, products formed by the anncaling of the first primer and
second priraer are not desivable or usetul for methods or compositions provided herein.,
Accordingly, in some embodiments, steps may be taken to nunimize the formation of first
primer - second primer annealed prodocts. Such steps may include, for example, not pre-
incubating g first primer and  second primer under conditions where the primers may anneal
for an extended period of tume before mitiating 2 method provided herein.

(68282} The primary nucleic acid may be treated with a polymerase and a first copy of
the first primer under conditions such that the template-binding region of the first copy of the

fivst primer anneals to the first strand of the mucleic acid template. Under these conditions, an
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extension product of the first copy of the first primer is formed. The polymerase, which may
have strand displacement activity, may catalyze the formation of the exiension product of the
first copy of the first primer. The first copy of the first primer may be covalently hinked to the
synthesized extension product, such that the first copy of the first primer (which is
complementary to the first strand of the nucleic acid template) becomes part of the molecule
described herein as the “extension product of the first copy of the first primer.” The template-
binding region but not the tail region of the first copy of the first primer anneals to the first
strand of the nucleic acid template. Exarnples of conditions suitable for polymerase-based
nucleic acid synthesis are known in the art and are provided, for example, in Molecular

Cloning: A Laboratory Manual, M.R. Green and J. Sarsbrook, Cold Spring Harbor

Laboratory Press (2012), which is incorporated by reference herein in its entivety.

[086283] The extension product of the first copy of the first primer may be treated with
a polymerase (which may bave strand displacement activity) and with the second primer
under conditions such that the template-binding region of the second primer ammesls to the
extension product of the first copy of the first primer. In this way, an extension product of the
second primer may be formed. The polymerase may displace the first strand of the nucleic
acid template from the extension product of the first copy of the first primer during the
synthesis of the extension product of the second primer. The second primer may be
covalently linked to the synthesized cxtension product, such that the second primer becomes
part of the molecule described herein as the “cxtonsion product of the second primer.” The
extension product of the second primer is complementary to the extension product of the first
copy of the first primer. The template-binding region but not the tail region of the second
primer may anneal 1o the extension product of the fivst copy of the fivst privaer when the

second primer anneals 1o the extension product of the first copy of the fivst primer.

(86284} The extension produoct of the sccond primer may be treated with a polymerase
{(which may have strand displacement activity} and a second copy of the first primer so as to
form an extension product of the second copy of the first primner. During the generation of the
extension product of the second copy of the first primer, the second copy of the first primer
may be covalently finked to the synthesized extension product, such that the second copy of
the first primer becomes part of the molecule described herein as the “extension product of
the second copy of the first primer.” The extension product of the second copy of the first

primer is complementary to the extension product of the second primer.
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[86285] Generation of the extension product of the sccond copy of the fivst primer may
resuit in the generation of a molecule comprising the extension product of the second copy of
the first primer and the extension product of the second primer, which may be referred to
herein as the “secondary nucleic acid.” A secondary nucieic acid may comprise the 37
terminal region of the extension product of the second primer {and the complement thereot)
and may comprisc the 37 torminal region of the extension product of the second copy of the
first primer (and the complement thereof). Secondary nucleic acid molecules include
sequences of the template region adjacent to tail sequences. In embodiments, double-stranded
nucleic acids are produced in which complementary template and tail region sequences line
up. In practice, mmitiple copies {¢.g., two or more) of the secondary nucleic acid are produced
by any process whereby a nucleic acid having the general structare of the secondary nucleie
acid may be gencrated, including by practice of non-cyching amplification methods discussed

herein,

(60286} Thus, pairs of copies of the secondary mucleic acid may be provided. Further
numbers of copics may then be generated, for example, by repetition of the foregoing steps
and methods. For example, the full process as described above for generating a secondary
nucleie acid from a primary nucleic acid may be repeated two times, in order to generate a
two pairs of copies of the secondary mucleie acid; further repetitions may be performed to
amplity the nomber of copics further, e.g., to exponentially ampify the number of copies

{e.g., by powers of two).

(66287} In addition, since the secondary nucleic acid molecules include sequences of
the tenmplate region adjacent to tail sequences, partially double-stranded mucleic acids may be
produced in which tail region sequences hybridize and fine up. Since these tail region
sequences are attached to single-stranded template regions, a cross-over structure having two
nmucleic acid strands together held by the hybridized tail region sequences is produced. These
cross-over structures may be extended by a polymerase to form exiension products of both
component strands. These extension products which may be referred to as “concatemer
strands.” Two concatemer strands may be annealed together, and may be collectively referred
to as a concatemer; such concatemers may contain two or more copics of the nucleic acid

teraplate.

[60288] In some embodiments, even longer concatemers may be formed. For example,
concatemers may anneal together; or two concatomer molecules may form a cross-over

structure similar to those formed by the shorter molecules termed concatemer strands, as

33
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discussed above, followed by a larger concatemer molecule containing foor copies of the
nucleic acid template. in another cxample, a secondary nucleic acid and a concatemer may
form a cross-over structure, followed by a larger concatemer molecule countaining three
copies of the nucleic acid template. In some embodiments, multiple different concatemers of

multiple different lengths may be simultancously generated.

(60289 Thus, concatemers gencrated according to such methods may be of any length
of nuclestides. In some embodiments, concatemer molecules gencrated herein may be at least
30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, SO0, 600, 700, 800, 900, 1004, 1500,
2000, 3000, 4000, 3000, 6600, 7000, 8000, 9000, 10,000, 15,000, 20,000, or 25,000
nucleotides in length. Concatemers generated according to such methods may contain any
number of copies of a nueleic acid template. In some embodiments, concatemer molecules
generated horein may contain at least 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 14,
19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 copies of a nucleic acid template. Further
examples are provided, and greater detail of these and other examples, is provided in LS.

Patent Application 61/800,6006, filed March 15, 2013,
Detection of Reactions

(86290} Progress of a method provided herein may be monitored in multipie different
ways. 1n one embodiment, a reaction may be assayed for a nucleic acid amplification product
{e.g. for the level of the product or the rate of its generation). In another embodiment, a
reaction may be assayed for the activity of a polymerase along a nucleie acid template {e.g.
for movement of a polymerase along a tempiate strand). Thus, in some ermboediments, cvents
of a method provided herein may observed due 1o the accumulation of product from a method
(which may be during or after completion of steps of the method), or due to detectable events

occurring during the steps of a method.

(86251} The presence of amplified nucleic acids can be assaved, for example, by
detection of reaction products (amplified nucieic acids or reaction by-prodacts) or by

detection of probes associated with the reaction progress.

(6862921 In some embodiments, reaction products may be identified by staining the
products with a dye. In some embodiments, a dye may have greater fluorescence when
hound to a nucleic acid than when not bound 1o a nucleic acid. In some emwbodiments, a dye
may intercalate with a double-stranded nucleic acid or it may bind to an external region of a

nucleic acid. Nucleie acid dyes that may be used with methods and compositions provided
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herein include, for example, cyvanine dyes, PicoGreen ®, OliGreen ®, RiboGreen ®, SYBR®
dyes, SYBR @ Gold, SYBR ® Green |, SYBR ® Green 1, ethidium bromide,
dihydroethidium, BlueView™, TOTO ® dyes, TO-PRO ® dyes, POPO ® dyes, YOYO ®
dyes, BOBO ® dyes, JOJO ® dyes, LOLO ® dyes, SYTOX ® dyes, SYTO ® dyes,
propidiom iodide, hexidium iodide, methylene blue, DAPL, acridine orange, quinacrine,
acriding dimers, S-amino-6-chloro-2-methoxyacriding, bisbenzimide dyes, Hoechst dyes, 7-
aminoactinonyycin B, actinomycin D, hydroxystilbamidine, pyronin Y, Diamond ™ dye,

GelRed™, GelGreen™ and LDS 751,

(60293 In some embodiments, reaction products may be identified by analysis of
tarbidity of amplification reactions for example, where mncreased turbidity is correlated with
formation of reaction products and reaction by-products {e.g. pyrophosphate complexed with

magnesium}.

(86294} In some embodiments, reaction products may be identified by separating a
reaction performed according o a method herein by gel electrophoresis, foliowed by staining
of the gel with a dye for nucleic acids. The dyve may be any nucleic acid dye disclosed herein

or otherwise known in the art.

[086295] In some embodiments, any method or composition known in the art for the
detection of nucleic acids or processes associated with the generation of nucleic acids may be

ased with methods and compositions provided herein.

[08296] In some embodiments, a nucleic acid probe which contains a nucleotide
sequence complementary to a portion of a nucleic acid template strand {or strand having a
similar or identical sequence} and which contains one or both of a fluorescent reporter

(fluorophore) and a quencher are included in a reaction provided herein.
(86297} In an example, a nucleic acid probe may contan a fluorescent reporter at its 5°
or 3’ terminus, and a quencher at the other terminus.

[602958] In another example, a nucleic acid probe may contain a fluorescent reporter at

. By

18 57 or 37 terminus, and it may be amealed to a nucleic acid primer containing a quencher.
The nucleic acid primer containing a quencher may contain the quencher at a position in the
primer such that when the nucleic acid probe 15 annealed to the primer, the fluorescent

reporter 1s quenched.

(662997 In probes containing 3 fluorescont reporter and quencher pair, the fluorescent
reporter and guencher may be selected so that the quencher can effectively quench the

Ct
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reporter. In some embodiments, a fluorescent reporter is paired with a quencher where the
cmission maximum of the fluorescent reporter is similar to the absorption maximum of the
guencher. Fluorphores that moay be used as the fluorescent reporter include, for example,
CAL Fluor Gold, CAL Floor Orange, Quasar 5370, CAL Fluor Red 590, CAL Fluor Red 610,
CAL Fluor Red 614, CAL Fluor Red 633, Quasar 670 (Bioscarch Technologies), VIC, NED
(Life Techuologies), Cy3, CyS, Cy3.5 (GE Healtheare Life Sciences), Oyster 556, Oyster 645
(Integrated DNA Technologies), LC red 610, LC red 610, LC red 640, LC red 670, LC red
705 (Roche Applies Scignce), Texas red, FAM, TET, HEX, JOE, TMR, and ROX.
(uenchers that may be used inchude, for example, DDQ-I, BDQ-H (Eurogentec), Eclipse
{Epoch Biosciences), lowa Black FQ, lowa Black RQ (Intograted DNA Technologies), BHQ-
1, BHQ-2, BHQ-3 (Bioscarch Technologies), QSY-7, QSY-21 (Molecular Probes), and
Drabeyh

160308 In some embodiments, a method provided herein may be monttored fo an
apparatus containing a hight source and an optical sensor. In some situations, the reaction
may be positioned in the path of light from the hight source, and light absorbed by the sanple
{e.g. in the case of a turbid reaction), scattered by the sample (e.g. in the case of a turbid
reaction}, or emitied by the sample {(e.g. in the case of 4 reaction containing a fluorescent
molecule} may be measwred. In some embodiments, 3 method provided herein may be
performed or monitored in a device or module therein as disclosed in U.S. Patent Application
Serial No. 13/76%,779, filed February 18, 2013, which is herein incorporated by reference in

its entivety.
Detection of Nucleic Acids and Protein Markers of Infection

[68301] A sample, such as a throat swab, a nasal swab, 2 mouth swab (e.g., a check
swal), a vaginal swab, saliva, blood, or other sample, may be used for more than one assay.
For example, a sample may be subjected to nucleic acid testing and to testing tor peptides
mdicative of an infection. In embodiments, a sample may be divided into two or more
portions, and each portion may be subjected to a single test, or may be subjected to a phurality
of tests. Nucleic acid testing may be used to identify nucleic acid molecules, or portions
thereof, whose presence indicates the presence of disease-causing organisms {¢.g., viruses,
bacteria, and other organisms which carry such micleic acids). Protein (or peptide) testing
may be used to identify peptides or proteins, or portions thereof, whose presence indicates the
presence of disease-causing organisros (e.g., organismas which express such proteins, or

peptides). Protein or peptide testing may be used to identify discasc-causing organisms (e.g.,
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viruses, bacteria, and other organisms) in a sample, and may also be osed to identify
antibodies directed against such agents that may be present in a sample. Thus, forms of
protein {or peptide) testing include testing for the presence of antibodics to targets whose
presence indicates the presence of disease-causing organisms. Such nucleic acid and protein
(o1 peptide} testing may be used to identify, or estimate, or otherwise determine at what stage
an infection in a subject is at the time the sample was taken, by detecting, or determining the
amounts of, or both, both nucleic acid markers indicative of a particular infection and protein
{or peptide} markers indicative of the same infection (such protein markers of the same
imfection include antibodies to the micro-organism that causes the infection, as weli as protein

markers present on ot in the micro-organism itself).

(60382} Nuclete acid markers of an infection include DNA and RNA molecules, and
fragments thereof, unique to the infectious agent {¢.g., viral nucleic acids, or bacterial nucleic
acids, or other nucleic acids of any other infections micro-organism). Peptide or protein
markers of an infection inclade peptides or proteins unigue to the infectious agent (e.g.,
bacterial peptides); cytokines and other peptides produced in respounse to the infection; and

antibodies produced in respouse to the infection.

(88363 For example, where nucleic acid markers indicative of a particular infection
arc relatively numerous, while antibody markers indicative of that particolar infection are
relatively sparse, then the infection is 2 recent infection; however, where nucleic acid markers
mdicative of a particelar infection are relatively mumerous, and antibody markers indicative
of that particular infection are also relatively numerous, then the infection is not a recent
nfection, since the subject has had the time 1o produce infection-specific antibodies. Where
nucleic acid markers indicative of a particular infection are relatively sparse, and antibody
markers indicative of that particular infection are relatively numerous, then the infection may
be waning and in a late stage. (ther protein markers {other than antibodies to the infectiocus
organism), being produced by the discase-causing organism tiself, such as viral coat proteins,
bacterial cell wall proteins, bacterial toxins, and other non-antibody markers, typically follow
a time-course more similar to that of nucleic acid markers of a particular infection and less

similar to that of antibody markers of a particular infection.

16893043 A typical response in lniman subjects to nfection by many infectious agents
includes increased levels of mflammatory cytokines (ncluding interleukin 1 (JL-1), IL-6, 1L~
18, tumor necrosis factor o (TNF- o}, gamima interforon (IFN~v), and others). Cytokine levels

&

may increase rapidly upon infection.
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(8683051 The time-course of production of antibodies to an infectious agent {(c.g., a
virus, bacteria, or other infoctious micro-organism) varies between individual subiects and
from infection to jnfection; such time-courses may be known or identified for different kinds
of infections. In general, a fow days or more are required before antibodics 1o an infectious
agent are detectable n 8 subject; once detectable, the amount of antibodies detected ina
subject grows, often very rapidly, and may plateau (or peak) over 3 period of woeks or
mounths following infection. In addition to the type of infection, factors which may affect the
plateau {or peak) levels, and the timing at which these levels are reached, include whether or
not the infection is acute or chronic; the severity of the infection; other diseases or conditions
atfecting the subject; the nutritional status of the subject; environmental tactors; and other

factors.

[80386] The time-course of an acute infection may be short; for example, an acute
wmfection roay follow a time-course raeasured in days or weeks, For example, many viral and
bacterial infections in an otherwise healthy human subject typically resolve within about a
week. Levels of nucleic acid and protein markers indicative of viral, bacterial, and other
nfections typically rise, and then fall, during the course of the infection. Initially, upon
mfection, and closely following the time of infection, markers of the infectious agent {e.g.,
nucleic acid markers and protein markers indicative of the viral, bacterial, or other infection)
will be detectable in samples obtained from a subject; the levels of such markers will rise
from the time of infection, and will typically peak within a fow days (for a short-lived
mfection) or within a fow weeks (for an mfection of longer duration). Antibodies to the
mfecticus agent may be detected within a week or two following the infection, and may then
further increase for several weeks (o.g., for a mounth or more). if the infection self resolves
and the infectious agent s cleared from the subject, the levels of antibodies will then slowly

dechine over a period of months.

(80387} Longer term, or chronic infections may foliow a longer time-course. For
example, the time-course of viral markers and antibody formation in a person infected with
the human immuncdeficiency vires (HIV) may follow a time-course over many months and
vears. loitially, HIV viral markers (c.g., the viral p24 antigen, viral nucieic acids, and other
viral markers produced by the virus itself) may be present (in samples obtained from a
subject) in high levels for the first fow months fellowing infection, and may peak by about 6
months after infection. In contrast, anti HIV antibodies (e.g., antibodies to gpl20 or other

viral antigenic epitopes) are not detectable in samples obtained from a subject for a fow
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months following infection, but become detectable by aboot 3-5 months after infection, and
anti-H1V antibody levels rise rapidly over the following 6 mounths or so, continuing to rise at

a less rapid rate from about | year after infection to about 4 10 6 years following infection.
Over this period of time (from about § year to about 5 vears) the viral marker levels may be
very low; however, in the absence of treatment, as Tocell levels (e.g., CD4 T-celis) will
typically bave been falling over the period of time from about 1 year to about § years
following HIV infection, the subject may begin to suffer from systemic immune deficiency
and firther T-cell loss (e.g., CD-8 T-cells) about 5-6 years following HIV infection. Levels of
HIV viral markers will typically rise as systemic immune deficiency becomes apparent 5 — 6

years following HIV mfection.

[080388] The time-courses relevant to the detection of marker may also depend on the
type of sample tested for the presence of the marker. For example, in some infections, the
causative organism, and nucleic acid and protein markers of the organism, may be found
mitially in biood, or saliva, or other fluid or tissue; and may later on be found n urine ov stool
samples; and cven later on may be detectable in tissue samples. Antibodies to such disease-
causing organisms, which typically appear some time following the appearance of the
orgamism itself in samples, may found first in bloed, and then, following their appearance in

blood, in saliva, uring, or stool.
Devices

[G6365] The devices, systems, and assays disciosed herein may utilize techniques,
devices, systems, and assays disclosed, for example, in .S, Patent 8,088,593; U.S. Paient
8,380,541; LS. Patent Application Serial No. 13/769,798, filed February 1§, 2013; U.S.
Patent Application Serial No. 13/769,779, filed February 18, 2013; U.5. Application Serial
No. 61/800,606, filed March 15, 2013; U.S. Application Serial No. 61/766,095, filed
February 18, 2013; and U.S. Patent Application 61/805,923, filed March 27, 2013, all of
which are incorporated by reference herein (supra).

(86316} For example, devices for use in performing assays for detecting a phuality of
discasc-causing agents in a single clinical sampie, or in 3 phurality of aliquots of a single
clinical sample include cartridges including some or all of reagent vessels, reaction vessels,
tools and implements used in assays, and reagents used in assays. A cartridge may contain
one or more of! reagent vessels; reaction vessels; cytometry cuvettes; wasie containers;
saraple collection devices or sample collection vessels; and other vessels and materials. Such

devices may include multiple vessels containing reagents for use n an assay for the detection

o
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of a plurality of markers indicative of an infectious agent, e.g., an upper respiratory infectious
agent; 8 lower respiratory infectious agent; a sexually transmitted discasc-causing agend; an
agent detectable from a sample obtained from a swab (e.g., a throat swab, a nasal swab, a
mouth swab {e.g., a check swab), a vaginal swab, or other swab); an agent detectable from a
blood sample; or combinations thereof.

(80311} Thus, for example, a cartridge may contain a plurality of reagent vessels; a
plorality of reagent vessels contatning reagents for detecting a marker indicative of a disease-
causing agent. Discase-causing agents may mchide agents which cause upper respiratory
disorders, or lower respiratory disorders, or sexually transmitted diseases. A discase-causing
agent may be detected in a blood sample. A discasc-causing agent may be detected ina
sample obtained with a swab, such as a throat swab, or a nasal swab, or a mouth swab (e.g., a
cheek swab}, or a vaginal swab, or other sample, or combinations thereof.

(86312} In embodiments, 3 device may be or comprise a cartridge configured to
contain one o1 more reagent vessels, and one or more reaction vessels, e.g., for use in nucleic
acid assays; for use in immunoassays {e.g., ELISA assays); for use in general chemistry
assays {¢.g., for clinical electrolytes, vitamin levels, blood component levels, and other
targets); for use in cytometric assays; and for combinations thereof. In embodiments, such a
device may inchide reagents, reaction vessels, and tools, cuvettes, and other implements for
use in nucleic acid assays; for immumoassays (¢.g., ELISA assays); general chemistry assays
(e.g., tor clinical clectrolytes, vitamin levels, blood component levels, and other targetsy;

cytometric assays; and for combinations thereof.

(66313 In embodiments, a cartridge for use in performing assays for detecting a
plurality of discase-causing agents as disclosed herein may include one or more spaces or
vessels for holding a swab or swabs. A single swab may be placed in a single space, orina
single vessel; in embodiments, two swabs may be placed in a single space, or single vessel. In
embodiments, a phurality of swabs may be placed in a single space, or single vessel. Vessels
for holding a swah, or swabs, may contain a reagent, or a dilucot, or other solution for use
with a swab or swabs.

(663143 A nasal swab may be useful for testing for upper respiratory discases, and a
throat swab may be uscful for testing lower respiratory discases. In embodiments, a mouth
swab {c.g., a check swab, a tongue swab, a gun swab, or other swab taken within the mouth)
may be used in addition to, or in place of, a nasal or throat swab. Nasal and throat swabs may

be obtained from a singfe patient, and may be analyzed at the same time, or at nearly the
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same time. For example, a throat swab may be placed in one vessel in a cartridge, and a nasal
swab may be placed in a different vessel in the cartridge, for analysis in an analysis device or
analysis systern. For cxample, a mouth swab may be placed in one vessel in a cartridge, and &
nasal swab may be placed in a different vessel in the cariridge, for analysis in an analysis
device or analysis system. For example, a throat swab may be placed in one vesselina
cartridge, and a mouth swab may be placed in a different vessel in the cartridge, for analysis
in an analysis device or analysis system. These vessels may contain a reagent, or a diluesnt, or
other solution for use with the swabs; such reagents may be different for the throat swab and
the nasal swab. In embodiments, reagents may be different for a mouth swab than for a throat
swab or nasal swab. In a further exarople, a throat swab and a nasal swab from a single
subject may be placed in the same vessel n a device. In a further example, a2 mouth swab and
a nasal swab from a single subjoct may be placed in the same vessel in a device. In a forther
example, a throat swab and 2 mouth swab from a single subject may be placed in the same
vessel in a device. The vessel may contain a reagent, or a diluent, or other solution for use
with these swabs. The device may be placed in an apalysis device, or within an analysis
system, for analysis. Such analysis devices and analysis systerus may be placed at the same
location as that where the sample was obtained; or such analysis devices and analysis systems
may be at a different location or locations than the location where the sample was obtained.

[80315] In embodiments, a cartridge for use in performing assays for detecting a
phurality of discase-causing agents as disclosed hercin may include one or more spaces of
vessels for holding a bleod samaple. In emboediments, a cartridge for use in performing assays
for detecting a plurality of disease-causing agents as disclosed herein may include one or
more spaces or vessels for holding a bleod sample and may also inchude one or more spaces
or vessels for holding a swab or swabs. Thus, a device, such as a cartridge, may hold a blood
sample and a throat swab; may hold a blood sample and 4 nasal swab; and may hold a blood
sample, a throat swab, and a nasal swab. In embodiments, a device, such as a cartridge, may
hold a blood sample and a mouth swab; may hold 3 blood samiple, a mouth swab, and a nasal
swab; and may hold a blood sample, 2 mouth swab, a throat swab, and a nasal swab.
Similarly, a device, such as a carimidge, may hold a blood sample and a vaginal swab; and
may hold a blood sample, and one or more of 8 mouth swab, a throat swab, a nasal swab, and
a vaginal swab,

(80316 In embodiments, a cariridge for use in performing assays for detecting a
phorality of discase-causing agents as disclosed herein may include one or more spaces or
vessels for holding a urine sample. In embodiments, a cartridge for usc in performing assays
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for detecting a plurality of disease-cavsing agents as disclosed herein may include one or
more spaces or vessels for holding a urine sample and may alse include one or more spaces
or vessels for holding a swab or swabs. Thus, a device, such as a cartridge, may hold a urine
sample and a throat swab; may hold a urine sample and a nasal swab; may hold a urine
sample, a throat swab, and a nasal swab; may hold 8 uring sample, a throat swab, a mouth
swab, and a nasal swab; and may hold 2 urine sampie, and onc or more of a throat swab, a
mouth swab, a vaginal swab, and a nasal swab.

(60317} It will be understood that such devices, such as cariridges, may hold other
types of samples as well, and that any combination of types of samples may be held by such
devices (e.g., cartridges). Tn any and all such cases, the sample or samples may be analyzed in
a sample analysis device or a sample analysis system.

(80318} A cartridge may include a sample, and may include reagents for use in
processing or tosting a sample, disposables for use in processing or testing a sample, or other
materials. Following placement of a cartridge on, or insertion of & cartridge into, a sample
processing device or system, one or more components of the cartridge may be brought into
fhid communication with other components of the sample processing device. For example, if
a sample is collected at a cartridge, the sample may be transferred to other portions of the
sample processing deviee. Sinilarly, if one or more reagents are provided on a cartridge, the
reagents may be transferred to other portions of the sample processing device, or other
components of the sample processing device may be brought to the reagents. fn some
embodiments, the reagents or components of a cartridge may remain on-board the cartridge,
In some embodiments, no fluidics are included that require tubing or that require maintenance
{c.g., manual or automated maintenance).

[86319] A sample or reagent may be transferred to a device, such as a sanple
processing device. A sample or reagent may be transferred within a device. Such transfer of
sample or reagent may be accomplished without providing a continwous fhiid pathway from
cartridge (o device. Such transfer of sample or reagent may be accomplished withow
providing a cordinuous fluid pathway within a device. In embodiments, such transfer of
sample or reagent may be accomplished by a sample handling system (e.g., a pipette); for
example, a sample, reagent, or aliquot thereof may be aspirated into an open-tipped transfer
component, such as a pipetic tip, which may be operably connected to a sample handling
system which transfers the tip, with the sample, reagent, or aliquot thereof contained within
the tip, to a location on or within the sample processing device. The sample, reagent, or
aliquot thereof can be deposited at a location on or within the sample processing device.
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Sample and reagent, or multiple reagents, may be mixed using a sample handling system ina
similar mannoer. One or more components of the cartridge may be transferred in an automated
fashion to other portions of the sample processing device, and vice versa.

[69328] As shown in Fig. 20A, Fig. 208, and Fig. 20C, a vessel for holding a swab
may be loaded onto a cartridge, where it may be retained until needed for analysis; the
cartridge may be loaded outo an analysis device or analysis system, thereby loading the swab
(and any other sanmples or sample contaimers on the cariridge as well). As shown in Fig. 204,
a vessel for holding a swab (a swab vessel 10} may be loaded onto a cartridge 20 by
placement into a receptacie 30. The cartridge 20 as shown also includes cavitics and wells 40
for receiving and holding reagents and vessels, A swab vessel 10 may contain a swab i place
within the swab vessel 10, or may be loaded onto a cartridge without a swab in place within

the swab vessel 10,

(980321} As shown in Fig. 208, a vessel for holding a swab (a swab vessel 10) may be
loaded onto a cartridge 20 by placement into a receptacie 30. The cartridge 20 as shown also
imcludes cavities and wells 40 for receiving and holding reagents and vessels. In the
cmbodiment shown in Fig. 208, the cartridge 20 also includes a sample collection vessel 50,
which may hold, e.g., blood, urine, or other sample. The arrows leading away from the swab
vessel 10 indicate how the swab vessel 10 may be placed into a receptacle 30 in the cartridge

24,

1663223 As shown in Fig. 20C, a vessel for holding a swab (a swab vessel 16} may be
loaded onto a cartridge 20 by placement into a receptacie 30, The cariridge 20 as shown also
nchudes cavities and wells 40 for receiving and holding reagents and vessels. As shown in
the embodiment of Fig. 20C, the cartridge 20 includes a swab receptacle 60 configured to
hold a swab 70. In embodiments (e.g., in the embodiment illustrated in Fig. 20C) a cartridge
21} having a swab receptacle 60 may optionally tuclude a samaple collection vessel 58, which
may hold, ¢.g., blood, uring, or other sample. Such a swab 70 may be held tn swab receptacie
60 prior to its use in collecting a sample. In embodiments, a swab 70 may be placed within a
swab vessel 10 after collection of a sample with swab 70, In the embodiment shown in Fig.
20C, swab vessel 10 may be loaded ounto a cartridge without a swab in piace within the swab
vessel 10 prior to use of swab 70, and swab vessel 10 may be replaced in a receptacie 30,

holding swab 70 within swab vessel 10 after collection of a sample by swab 7.
2 PIC DY

160323 Swabs may be any suitable swab for collection of a sample. Several examples

of swabs suitable for use in sample collection are shown in Fig. 21, Swabs with flocked tips
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{swab 100, and the shorter swab 200, suitable for pediatric use), or those alse suitable for use
in cstablishing culturcs of material obtained by swabbing a body orifice, a body cavity or
surface of a subject (swab 300}, cotton-tipped swabs (swab 400}, and other swabs may be
used to collect a sample from a patient for use with the methods, systems, and devices
disclosed herein. For example, samples may be obtained by swabbing a nasal cavity, a throat,
a mouth, a vagina, or other orifice, body cavity, or location on or within a subject.

Svstems

186324} An analysis system, which may inchide an analysis device, such as a sample
processing device, may have a floid handling system (also termed herein a sample handling
system}. A fluid handling systenmay perform, or may aid 1 performing, transport, dilation,
extraction, aliquotting, mixing, and other actions with a fluid, such as a sample. Tn some
embodiments, a floid handliing system may be contained within a device housing. A fhuid
handling system may permit the coliection, delivery, processing and/or transport of a8 fluid,
dissolution of dry reagents, mixing of hiquid and/or dry reagerds with a liquid, as well as
collection, delivery, processing and/or transport of non-tluidic components, samples, or
materials. The fluid may be a sample, a reagent, diloent, wash, dye, or any other fhid that may
be used by the device, and may include, but not Himited to, homogenous fhaids, different
Haads, ennilsions, suspensions, and other fluids. A fluid handling system, including without
limitation a pipetie, may also be used to transport vessels (with or without fluid contained
therein) around the device. The fluid handiing system may dispense or aspirate a fluid. The
saraple may inciude one or more particulate or solid matter floating within a thaid.

[80325) In embodiments, a fluid handling system may comprise a pipetie, pipetie tip,
syringe, capillary, or other component. The fluid handhng system may have portion with an
imterior surface and an exterior surface and an open end. The fluid handling system may
comprise a pipette, which may inchuade a pipetie body and a pipette nozzle, and may comprise
a pipette tip. A pipette tip may or may not be removable from a pipette nozzle. In
embodiments, a fluid handling system may use 8 pipette mated with a pipctic tip; a pipette tip
may be disposable. A tip may form a flaid-tight seal wher mated with a pipetie. A pipette tip
may be used once, twice, or more times. In embodiments, a fluid handling system may use a
pipette or similar device, with or without a pipette tip, to aspirate, dispense, mix, transport, or
otherwise handle the fluid. The fluid may be dispensed from the fluid handling system when
desived. The fluid may be contained within a pipetie tip prior to being dispensed, ¢.g., from an
grifice in the pipette tip. In embodiments, or instances during use, all of the thid may be
dispensed; in other embodiments, or instances during use, a portion of the fluid within a tip
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may be dispensed. A pipotie may selectively aspirate a fluid. The pipetie may aspirate a
selected amount of fluid. The pipetic may be capable of actuating stirring mechanisms to mix
the fluid within the tip or within a vesscl. The pipette may incorporate tips or vessels creating
continuous flow loops for mixing, including of materials or reagents that are in non-Hauid
form. A pipette tip may also facilitate mixture by metered delivery of muldtiple fhuds
simuliancously or in sequence, such as in 2-part substrate reactions.

{80326} A fluid handling systern may include one or more fluidically isolated or
hydrantically independent units. For example, the fluid handling system may mchude one,
two, or more pipetic tips. The pipette tips may be configured to accept and confine a fluid.
The tips may be fluidically isolated from or hydraulically independent of one another. The
fluid contained within cach tip may be fhndically isolated or hydrauhcally independent from
one fhuids in other tips and from other fluids within the device. The fluidically isolated or
hydrautically independent units may be movable relative to other portions of the device and/or
one another. The fluidically isolated or hydraulically independent units may be individually
movable. A fluid handling system may comprise one or more base or support. A base or
support may support one or more pipette or pipette units, A base or support may connect ong
ot more pipettes of the fluid handling system 1o one another,

(693271 A sample processing system, which may include a sample processing device,
may be configured to perform processing steps or actions on a sample obtained from a subject.
Sample processing may inciude sample preparation, including, e.g., sample dilution, division
of a sanaple futo aliquots, extraction, contact with a reagerd, filiration, separation,
centrifugation, or other preparatory or processing action or step. A sample processing device
may be configured to perform one or more sample preparation action or step on the sample.
Optionally, a sample may be prepared for a chemical reaction and/or physical processing step.
A sample preparation action or step may include one or more of the following: centrifugation,
separation, filtration, dilition, enriching, porification, precipitation, incubation, pipetting,
transport, chromatography, cell lysis, cytometry, pulverization, grinding, activation,
ultrasonication, micro colimun processing, processing with maguetic beads, processing with
nanoparticles, or other sample preparation action or steps. For example, sample preparation
may mchide one or more step to separate blood into serum and/or particulate fractions, or to
scparate any other sample into various components. Sample preparation may inchide one or
more step to ditute and/or concentrate a sample, such as a clinical sample or biological
sample, e.g., of blood, uring, spotum, material obtained from a nasal swab, a throat swab, a

cheoek swab, or other sample, or other clinical or biological samples. Sample preparation may

W
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imchide adding an anti- coagulant or other ingredients to a sample. Sample preparation may
alse include purification of a sample. In embodiments, all sample processing, preparation, of
assay actions or steps are performed by a single device. In embodiments, all sanple
processing, preparation, or assay actions or steps are performed within a housing of a single
device. In embodiments, most sample processing, preparation, or assay actions or steps are
performed by a single device, and may be performed within a housing of a single device. In
embodiments, many sanmple processing, preparation, or assay actions or steps are performed
by a single device, and may be performed within a housing of a single device. In
cmbodiments, sample processing, preparation, of assay actions or steps may be performed by
more than one device.

(69328} A sample processing system, which may include a sample processing device,
may be configured to ran one or more assay on a sample, and to obtain data from the sample.
An assay may include one or more physical or chemical treatmenis, and may include running
one ot more chemical or physical reactions. A sample processing device may be configured to
perform one, two or more assays on a small sample of bodily fluid. One or more chemical
reaction may take place on a sample having a vohime, as described elsewhere heretn. For
example one or more chemical reaction may take place i a pill having less than fontokiter
volumes. In an nstance, the sample collection unit is configured to reccive a volume of the
bodily fluid sample equivalent to a single drop or less of blood or interstitial fluid. In
embodiments, the volume of a sample may be a small volume, where a small volume may be a
volume that is less than about 1000 pl, or less than about 300 ul., or less than about 250 pl.,
or less than about 150 uL, or less than abowut 100 b, or less than about 75 ul., or less than
about 50 ul, or less than about 40 pl, or less than about 20 pi, or less than about 10 pll, or
other smeall velume. In embodiments, all sample assay actions or steps are performed on a
single sample. In embodiments, all sample assay actions ov sieps are performed by a single
device. In embodiments, all sample assay actions or steps are performed within a housing of a
single device. In embediments, most sample assay actions or steps are performed by a singie
device, and may be performed within a housing of a single device. In embediments, many
sample assay actions or steps are performed by a single device, and may be performed within
a housing of a single device. In embodiments, sample processing, preparation, or assay actions
or stops may be performed by more than one device.

[60319i A sample processing systern, which may inchade a sanple processing device, may
be configured to perform a plourality of assays on a sample. For example, a sample processing
device may be configured to detect, or to identify, or to measure pathogen-identifying material
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in a sample. In embodiments, a sample processing device may be configured to perform a
plurality of assays on a single sanple. In cmbodiments, a sample processing device may be
configured to perform a plurality of assays on a single sample, where the saniple is a small
sample. For example, a small sample may have a sample volume that is a small volume of less
than about 1000 1L, or less than about 500 uL, or less than abowt 250 ul, or less than about
150 pL, or less than about 100 ul, or less than about 75 ul., or less than about 50 pL, or less
than about 40 pl, or fess than about 20 ul., or less than about 10 L., or other small volame. A
sample processing device may be capable of performing multiplexed assays on a single
sample. A plorality of assays may be run simultancously: may be run sequentially; or some
assays may be run sinwiltancously while others are run sequentially. Oue or more control
assays and/or calibrators (e.g., mcluding a configuration with a control of a calibrator for the
assay/tests) can also be incorporated into the device; control assays and assay on calibrators
may be performed simultancousiy with assays performed on a sanple, or may be performed
hefore or after assays performed on a sample, or any combination thereof. fo cmbodiments, all
sample assay actions or steps are performed by a single device. In embodiments, all of a
phurality of assay actions or steps are performed within a housing of a single device. In
cmbodiments, moest sample assay actions or steps, of a plurality of assays, are performed by a
single device, and may be performed within a housing of a single device. In embodiments,
many sample assay actions or steps, of a phurality of assays, are performed by a single device,
and may be performed within a housing of a single device. In cmbodiments, sample
processing, preparation, or assay actions or steps may be performed by more than one device.

(80330} In embodiments, all of a plurality of assays may be performed in a short time
period. In embodiments, sach a short time period comprises less than about three hours, or
iess than about two hours, or less than about one hour, or less than about 40 minutes, or less
than about 30 minutes, or less than about 25 minutes, or less than about 20 minutes, or less
than about 15 minutes, or less than about 10 minutes, or less than about 5 mimstes, or less than
about 4 minutes, or less than about 3 minutes, or less than about 2 nyinuies, or less than about
1 minute, or other short time period.

(083313 In embodiments of the methods, devices, and systems disclosed herein,
systemns may include one or more assay siations, where, for example, a sample and a reagent
may be mixed. In embodiments of the methods, devices, and systems disclosed herein,
systems may include one or more detection stations, where, for example, a sample, or a label
attached to a target in a sample, or other signal indicative of the presence of a target analyte
in 2 sample, may be detected. In embodiments of the methods, devices, and systoms disclosed
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herein, one or more assay stations may also serve as a detection station. For example, where
an assay 1eacis a reagent or reagents with an analyic within a vessel, the vessel serves as an
assay station; where the vessel is transparent 1o a signal produced by the reaction, and where
the vessel is adjacent a detector effective that the signal (and thus the presence or
concentration of the analyte) may be detected, the vessel also serves as a detection station.
For example, some nucleic acid analysis methods and systers provide a heating block (or
other temperature-conirolling element) and a2 detector at, or near to, a position in which a
vessel containing sample and reagents is disposed during a reaction, and during detection of
the results of the reaction. In such an embodiment, a vessel is not moved from the location of
the reaction 1o a difforent location for detection of the results of the reaction, so the vessel
(and the location and accompanying devices and operative clements) serves as both an assay
station and a detection station. In further embodiments, a vessel is moved from a location
where a reaction occurs, or a sample (or sample-containing) solution is moved from the assay
vessel, to a different focation or vessel where detection occurs. In such an embodiment,
where a vessel {or sohution) is moved from the location of the reaction to a different location
for detection of the results of the reaction, the vessel {and the location and accompanying
assay devices and operative elements) serves as an assay station, and a different location (and
devices or elements) serves as a detection station,

(863321 Systems for detecting the presence of one or more of a phuality of markers
ndicative of an infectious discase in 8 small-volume clinical sample include, for example, a)
a sample handling system; b) a detection station comprising an optical sensor; ¢ a fluidically
isolated sample collection umit configured to retain a clinical sample; d) an assay station
comprising at least a first and a second fhidically isolated assay unit, wherein the first unit
comprises a first roagont and the second unit comprises a sccond reagent; and ) 2 coutroller,
wherein the controller comprises 2 local memory and is operatively coupled to the sample
handling system and the detection station. Sach systems may be configured to perform assays
with one or both of the first and sccond assay units; wherein the local memory of the
controller comprises a protoco) comprising instructions for: 1) directing the sample bandling
system to transfer a portion of the clinical sample to the first assay unit and to the second
assay unit; and 1) directing the sample handling system to transfer the first assay unit and the
second unit assay unit to the detection station. In further erabodiments, an assay station in
such systers may include at least a fivst, second, and thivd fluidically isolated assay unit,
wherein the first umit comprises a8 first reagent, the second unit comprises a second reagent,
and the third unit comprises a thivd reagent. In further crubodiments, an assay station in such
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systems may include at least a first, second, third, and fourth fhadically isolated assay unit,
wherein the first unit comprises a first reagent, the second unit comprises a second reagent,
the third unit coraprises a third reagent, and the fourth unit comprises a fourth reagent. It will
be understoed that embodiments of such systems may include more than four assay units; or
other mumbers of assay onits,

(80333 In embodiments, assays arc performed with any one or more of the first,
second, and third assay units; or with any one or more of the first, second, third, and fourth
assay units, wherein the local memory of the controller comprises a protocol comprising
mstructions for: 1) directing the sample handling systen to transfer a portion of the clinical
sanple to the first assay unit, the second assay unit, and, where applicable, the third assay
vmit and/or fourth assay units; and 1) directing the sample handling system to transfer the first
assay unit, the second assay wunit, and, where appropriate, the third assay wmit and/or the
fourth assay unit o the detection station.

(80334} Further systems for detecting the presence of one or more of a plurality of
markers indicative of an infectious disease in a small-volome clinical sample mclude a) a
sample handling system; b} a detection station comprising an optical sensor; ¢) a flaid
handling system configured to transport thuids between components of said system, wherein
said transport of thitds comprises transport of 1solated aliquots of fluid; d) a fluidically
1solated sample collection unit configured to retain a clinical sample; ¢) an assay station
comprising at least a first, second, and third fluidically isclated assay unit, wherein the first
umnit coraprises a first reagend, the second unit comprises a sccond reagent, and the third unit
comprises a third reagent; and 1) a controller, wherein the controller comprises a local
memory and is operatively coupled to the samplc handling system and the detection station.
Such systerns may be configured to perform assays with any one or more of the first, second,
and third assay units; wheren the local memory of the controlier comprises a protocol
comprising instructions for: 1) divecting the sample bandling system to transfer a portion of
the clinical sample to the first assay unit, the second assay onit and the third assay unit; and
it} directing the sample handling system to transfer the first assay unit, the second assay unit,
and the third assay unit to the detection station. It will be understood that embodiments of
such systems may include only two assay units; or may inchide four assay onits; or other

numbers of assay units,

[986335] Clinical sample processing systems for use in performing assays as disclosed

herein may inchlade 8) 2 sample handling system; b) a detection station comprising an optical
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sensor; ¢ a flaidically isolated sample collection unit configured to retain a clinical sample;
d} an assay station comprising at least a first, second, and third fluidically isolated assay unit,
wherein the first unit comprises an antibody, the second unit comprises an oligonucleotide,
and the third unit comprises a chromogen or a dye or other label; and ¢} a controlier, wherein
the controller is operatively coupled to the sample handling sysiem, wherein the sample
handling syster is configured to transfer a portion of the clinical sample from the sample
colfection unit to each of the first assay unit, the second assay unit, and the third assay uni,
and the device is configured to perform an mmunoassay, a nucleic acid assay, and a general
chemistry assay comprising a chromogen.

(60336} Such sysiems may be point-of service (POS) systems. These systems may be
contained within a housing. A system located at a POS location may be configured for use in
analyzing a sample at the POS location. These systems may be POS systems configured to

perform a plurality of assays on a single small volume sample, or on aliquots thereof.
EXAMPLE 1

Testing for and Detecting Nucleie Acid Markers of Disease and Disease-Causing

Agents

(603371 Discase-causing agenis such as viruses, bacteria, yeast, fungi, and other micro-
organisios have identitving nucleic acids and proteins, among other identifying
characteristics which may serve as markers. Markers indicative of a discase, or of a discase-
causing agent, such as a respiratory disease, or a form of infhienza, or a sexually transmitted
disecase, or other discase, include nucleic acid markers.

(683381 As shown in the figures, markers for many diseases may be tested for, and
may be detected, using nucleic acid assays as disclosed herein. Al of the disease-causing
agents tested for o the tests shown in Fig. 1A were detected within 40 minutes, with most of
the agents detected within about 30 minutes. Detection times for copy numbers of 100 copics
per microliter (¢/ul)y were shorter than for lower copy numbers (10 ¢/pL)). The detection time
for samples having 100 copies per uL are shown in Figore 1B; most were near or less than 20
mingtes, with many detection times of about 15 minutes or less.

(66339 Fig. 1A provides a graphic sununary of the durations of time from the
mitiation of nucleic acid assay until detection of the presence of a target nucleic acid n a
sample for a range of markers and for two different concentration ranges of the markers (10

6

Yul and 100 o/ul, where “¢/ul” means copies per microliter (1l)). The 10 ¢/ud resulis are

shown to the left of the 100 o/ul results for each discase type (influenza (Fha}, respiratory,
} ¥ ] 3
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and sexually transmitted disease (STD)} shown in the figure. The times are labeled “LOD”
{“length of delay™). The vertical axis is shown in units of relative fluorescence (relative
fluorescence units, RFU}, 1n thousands.,

[680340] Fig. IB provides a bar chart showing the darations of time from the inifiation
of nucleic acid assay until detection of the presence of a target nucleic acid in a sample for

the ndicated markers for various diseases (at 100 ¢/ul).

(66341} Further information regarding detection time for various diseases, grouped by
general location of the infoction, or type of disease, or samples by which the discases may be
detected are prescuted o Figs. 1C through 1F (all at 100 ¢/ub). Fig. 1C shows the durations of
time from the mitiation of nucleic acid assay until detection for several mfluenza strains and
dentifying targets. Fig. 1D shows the dorations of time from the initiation of nucleic acid
assay until detection for several respiratory discases. Fig. 1E shows the durations of time
from the inttiation of nucleic acid assay until detection for several sexually transmitted
discases. Fig. 1F shows the durations of time from the mitiation of nucleic acid assay until

detection for several diseases that can be detected in blood.

[60342] Complementary information is presented in Table 2A indicating the numbers

of copies per pl that are detectable with these assays for several discases.

TABLE 2A

1 Trypanosoma cruz <0.01 ¢/ul.
2 Plasmodium <31 c/ul
3 Bordetella pertussis <4 ¢ful
4 influenza B < 10 ¢c/ul
5 influenza H3NZ <10 ¢/ul
6 Influenza HiIN1 seasonal <10 c/ul
7 influenza HiN1 novel < 10 cful
8 H7NG flu - HA gene < 10 ¢c/ul
9 H7N9 flu - NA gane <10 ¢ful
10 Human RNasep <0 ¢c/ul
11StrepA <10 cful
12 Staph. qureus < 10 ¢c/ul
13 MRSA < 10 ¢/ul
14 Adenovirus B <0 ¢c/ul
15 Adenovirus C <10 cful
16 Adenovirus £ < 10 ¢ful
17 Klebsiella pnsumoniae KPC < 10 ¢/ul
18 Bocavirustype 2, 4 <10 cful
19 Coronavirus 2298 <10 cful
20 Coronavirus NL63 < 10 ¢ful
21 Streptococcus pnsumoniae <18 ¢/ul
22 Bordetella parapertussis <10 cful
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23 Haemophilus parainfluenzae <10 cful
24 Entercobacter aeroganes <10 cful
25 Moraxella catarrhalis < 10 ¢c/ul
265trepB <10 ¢ful
27 HSY <10 ¢/ul
28 Treponema pallidum <10 cful
29 Hepatitis B - Assay #1 <10 cful
IDHIV-1aroup M - Assay #1 <18 ¢/ul
ILHN-1 group M - Assay #2 <10 cful
32HIV-2 GroupA <10 cful
33 Dengue Virus type 1 <10 cful
34 Dengua Virus type 2 <18 ¢/ul
35 Dengue Virus type 3 <10 cful
36 Dengue Virus type 4 <10 cful
37 Epstein-Barr Virus <10 cful
38influenza A < 100 c/uL
39HSN1 <100 ¢/ul
4A0MTE < 100 ¢/ul
41 Bocavirustype 1, 3 <100 ¢/ul
42 ebsiella pneumoniae phok < 100 ¢ful
43 Coronavirus HEUL < 100 c/ul
44 Coronavirus MERS < 100 ¢/ul
45 Coronavirus OC43 < 300 ¢/ul.
46 Parainfluenza Virus 1 < 100 c/uL
47 Parainfluenza Virus 2 < 100 c/ul
48 Parainfluenza Virus 3 < 100 ¢/ul
49 Metapneumo Virus (hMPV) Al <100 ¢/ul
50 Haemophiius influsnzas < 100 ¢ful
51 HephDelta- Assay #1 <100 ¢ful
52 HepDelta- Assay #2 <100 ¢ful
S3HIV-2 GroupB < 100 ¢ful
S4WNVY-2 < 100 ¢/ul
[60343] In the above Tables and elsewhere herein, “NA” indicates neuranunidase;

“HA” indicates hemagglutinin; “Klebsiclla pneumonia KPC” indicates Klicbsiclia pnoumonia
carbapcuemase; the “phol” of “Klebsiclla pnoumonia phoE” fndicates phosphate transport
poring “MRSA” indicates Methicilhin-resistant Staphylococeus aureus; “Metapneumo Virus
(hMPVY” mdicates human Metappeumo Virus; “HepDelta” indicates Hepatitis Delta;
“WINYY indicates West Nile Virus; “Pan Inf A” and “Pan Inf B” indicate assays generic for

all strains of the indicated nfluenza; and “HATD” indicates hospital acquired infection.

[06344] The average detection time for these 54 diseases {at 100 ¢/ul or less) was less
than 23 minutes {22.77 mimute average). A smaller subset of 35 discases measured at 10 ¢/ul

or less had an average detection time of less than 30 nunutes (29,11 minute average}. These
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assays, including assays for these diseases, are suitable for validation for use in Clinical
Laboratorics Improvement Act {CLIA) laboratorics. For example, such assays for several
forms of influenza (pandemic influcnza A, pandemic influenza B, HIN{-Novel, HINI-

Seasonal, and H3N2 influenza) have been performed through CLIA Validation.

(80343} These results were obtained by nucleic acid assays as described below and in
1.3, Patent Application 61/800,606, filed March 185, 2013, For example, the following
results demonstrate testing for, and detection of, nucleie acid markers indicative of a variety
of infectious diseases in a short period of time. As shown in the figures, many markers may
be tested for, and may be detected. Figure 2 shows resulis for detection of maarkers for
mfluenza A (scasonal HINT strain). Figore 3 shows resulis for detection of markers for
mfhienza A (novel HINT strain). Figure 4 shows results for detection of markers for
nfluenza A (H3NZ strain). Figure 5 shows resulis for detection of markers for influenza A
(H7NG strain}. Figure 6 shows results for detection of markers for influenza A (HANT strain).
Figure 7 shows results for detection of markers for influenza B. Figure R shows resuits for

ctection of markers for influenza Matrix Protein. Figure 9 shows resulis for markers for
tuberculosis (Myobacterium tuberculosis). Figure 10 shows results for markers for
staphylocccus (Staphvlococcus aurens). Figure 11 shows results for markers for Methicilin-
Resistant Staphylococcus awreus (MRSA)Y. Figure 12 shows results for markers for
streptocecus (Strepiococcus Group A). Figure 13 shows results for markers for Bordetella
pertussis. Figure 14 shows results for markers for adenoviras B. Figure 15 shows resulis for
markers for adenovirus €. Figure 16 shows results for markers for adenovirus E. Figare 17
shows results for markers for Herpes Straplex Virus (HSV). Figure 18 shows results for

markers for Treponema pallidum.

(688346} Samples obtained from subjects, including small samples from subjects, may
be tested for other discases in addition to the disgases Hsted in the figures and in Table ZA.
For example, some other discases which may be tested for by these methods are listed in
Table 2B. The colummn labeled “Panel” indicates the type of disease (where HAT indicates

Hospital Acquired Infection, and STD indicates sexually trapsmitted disease).

TABLE IB

# Assay Panel
1 Acinetobacter baumasnnii HA
2 Bordetella parapertussis Respiratory
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3 Chiamydophila pneumoeniae Respiratory
4 RSV A Resgiratory
5 Erterobacter aerogenes HAI
) Hepatitis C STD
7 Enterobacter cloacae HAL
& H. influenzae blaTEM HAL
g Legionelia pneumophiia Hal
0 Servatia marcescens Hal
11 Metapneumovirus B Respiratory
12 Pseudomonas aeruginosa HAl
13 Parainfluenza 4a Respiratory
14 Parainfluenzas 4b Respiratory
15 West Nite Virus 1 Respiratory
16 Penicillin-resistant 8, pneurmno Respiratory
17 HIV-1 group O STD
13 . influenzae blaROB HAL
13 RSV B Respiratory
20 Rhinovirus A Respiratory
21 Rhinovirus B lespiratory
22 Rhirovirus € Respiratory

(68347 The systems, metheds, and devices disclosed herein may be used to test for,
and to detect, the presence of markers indicative of one or more of the infectious agents listed
above; such testing, and such detecting, may be performed on a single clinical sample, crona
plurality of sliquots of a single clinical sample. Such a single clindcal sample may be a single
small-volime clinical sample. Such testing, and detecting, may be performed at a POS
location; the systems, devices and methods may be POS systems, device, and methods. For
example, the clinical sample may be collected at the POS location, and may be analyzed in a
device at the POS location. As shown in the results iHlustrated in the Figores, the analysis of

the small-volume clinical sample may be completed in a shovt period of time.

[8348] Thus, the following are some of the disease-causing agents may be tested for,

and may be detected, according to the methods, and by the systems and devices, as disclosed

[89349] TABLE 3 Disease-Causing Agents and Markers Therefor

influenza H3N2

influenza HINI seasonal
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influenza HINI novel

influenza B
Streptoconcus pyoganes (A}
Mycobacterium Tuberculosis

taphyiococcus aureus (MR}

Staphyiococcus aureus {RS)

Bordetella pertussis {whooping cough)

Streptococcus agalactiae (B)

Hepatitis delta

Treponama pallidum

HSV-1, HSV-2

Hiv-1

HiV-2

Human RNaseP {sample prep control}

.

Dengue 2

_______ Parainfluenzavirus (1)
Parainfiuenza virus {2}
Parainfiuenza virus {3)
Parainfluenza virus {4a}
Parainfiuenza virus {4b}
Respiratory syncytial virus {RSV} A
Respiratory syncytial virus {RSV} B
Coronavirus 2259E
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eptoCoccus pnaumeniae {penic R}

Streptococcus pnaumoniae {8

Mycoplasma pnaumoniae

_.Chiamydiapneumoniae
Bordetella parpertussis
Haemophilus influenzae {ampic R}
Haemophilus influenzae {ampic S}
Moraxella catarrhalis
Pseudomonas spp {aeruginosa)

Haemophilus parainfluenzae

(803583 The discasc-causing agends listed in Table 3 may be tested for, and may be
detected, by the methods, and using the systems and devices disclosed herein. For exampie,
markers for the discase-causing agents listed in Table 3 may be tested for, and may be

ctected, by the methods, and using the systems and devices disclosed herein. Such markers
may nclude, for example, nucleic acid markers. In addition, such markers may include
saccharide markers, or other markers, such as, ¢.g., protein markers. Methods of testing for,

and of detecting, protein markers are discussed in the following example.
Example 2
Betection of Influenza Virus from 2 gl of Prepared Sample

(89351} Detection of nucleic acid from 2 ul of sample taken from cultured cells
nfocted with seasonal influenza virus (HIN) is shown in Figures 19A (sample) and 198
(control). Nucleic acid obtained from the cell cultures was prepared using the Chemagic
magnetic scparator maodule T with DWP 24 X1, adapters and reagents from the Chemagic
Viral DNA/RNA Kit {(No. CMG-1089; No. CMG-1082 is similar) from Chemagen
{PorkinElmer chemagen Technologic Gmbh, Baesweller, Germany ). This method uses
magnetic bead separation to isolate RNA and DNA from a sample. Chemagen reagents and

disposables were used in preparing the samples.

Page 106



WO 2015/035260 PCT/US2014/054424

(60352} HINI influenrza RNA was obtained from cultured mmfected MDCK cells,
Bricfly, cell culture samples were prepared by dispensing approximately 1 ml of sample
solation into a well containing lysis butter, poly(A) RNA reagent, and proteinase K solutions
with gentle mixing. The wells were covered and heated at 535 °C for ten minutes. Following
this ten mimite incubation, binding buffer was added to the wells containing the lysed sample
solution. This mixed solution was then processed by the Chemagic magnetic separator
module {. Nucleic acids were released by vortexing {rotation of probes) in the buffer and then
bound to the magnetic beads, which were immobilized by a magnet during wash steps, The
nucleic acids froed in the sample bound to the beads and were retained during wash steps;
following the wash steps, the nucleic acids were eluted into elution buffer (10 mM TRIS-

HCL pH 8.0}

(80353 Following this sample preparation, the prepared sample was placed in a
container held 1 a cartridge, and the cartridge was loaded on an automatic sample analysis
device {such cartridges, devices, and their uses are described, for example, in U.S. Patent
8,068,593, U.S. Patent 4,380,541, U.S, Patent Application Serial No. 13/766,798, filed
February 18, 2013; U.S. Patent Application Serial No. 13/769,779, filed February 18, 2013;
U.S. Patent Application Serial No. 13/769,8208, filed Februavy 18, 2013; PCT/US2012/5718535,
filed September 25, 2012; US. Patent Application 13/244,949, filed September 26, 2011,
U.S. Application Serial No. 61/800,606, filed March 15, 2013; U.S. Application Serial No.
61/766,095, filed February 18, 2013; and U.S. Application Serial No. 61/673,245, filed July
18, 2012; U.S. Patent Application 61/805,923, filed March 27, 2013, herchy incorporated by
reference in their entiretics).

(89354} A 2 pb aliquot of the prepared sample sohution was placed in a vessel
containing 20 pL of MasterMix (containing buffer, betaine, dNTPs, forward (RLX1222) and
reverse (RLX1223) probes, Syto 59 Red dye), and mixed with 3 pLL of cnzyme preparation
(containing 8. stearothermophilus DNA polymerase (Bst), Avian Myeloblastosis Virus
Reverse Transcriptase {AmvRT), NEB4 buffer (New England Biolabs Cat. No. B70048), and
water) in a reaction vessel in the astomatic sample analysis device. Primers specific for
HINT influenza virus were included in the mixture in the reaction vessel. The combination of
sample, MasterMix, template, and enzyme preparation was incubated at 56 °C in the reaction
vessel according to the methods discussed above, and floorescence was measured every
minute for 30 minutes (fluorescence was from SYTC 59 dye). The fluorescence was read as

relative fluorescence.
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[86355] Fig. 19A shows amplification over time, the rise in relative fluorescence at
about 15 to 20 minutes indicating the presence of an Influenza HIN1T seasonal marker. The
horizontal axis is in “minutes; the vertical axis is shown in units of relative flyorescence

(velative fhuorescence amits, REFUY.

(80356} Fig. 198 shows amplification of “no template control” {no added copies of the
target marker; NTC). Note that most experiments showed ne amplification; the three rons that
show late increases in relative fluorescence did so at about 235 minutes or later. The horizontal
axis is in “minutes; the vertical axis is shown in units of relative fluorescence {relative

fluorescence units, RFU).

(80357} The results from Figures 19A and 198 show that viral nucleic acid can be
detected from small volume samples (e.g., 2 gL of sampic) within a short amount of time

{e.g., about 15 to 20 minutes or less).
Example 3
Betection of Influenza Virus Proteins by ELISA

[80358] Detection of proteins indicative of Influenza A infection and proteins
mdicative of Influenza B infection was accomplished using devices and systerns as described,
for example, in ULS, Patent 8,088,593; 11.S. Patent 8,380,541, U.S. Patent Apphication Serial
No. 13/769,798, filed Febroary 18, 2013; U.S. Patent Application Serial No, 13/769,779,
filed February 18, 2013; U.S. Patent Application Serial No. 13/769,820, filed February 14,
2013, PCT/US2012/57158, filed September 25, 2012; 1.8, Patent Application 13/244,949,
filed September 26, 2011; ULS. Application Serial No. 61/800,606, filed March 1§, 2013;
U.S. Application Serial No. 61/766,095, filed February 18, 2813; and U.S. Application Serial
Mo, 61/673,245, filed September 26, 2011; UK. Patent Application 61/805,923, filed March
27, 2013 (references that were previously listed and incorporated by reference in their
entireties in text above). Unless otherwise stated below (e.g., with regard to results obtained
with commercial systems for comparison) such devices and systerns were used to obtain the

data presented below.,

[80359] Assay Design and Purpose: The assays for Influenza A and Influenza B were
designed to provide qualitative detection of Influcnza A or Intluenza B mucleoprotein
antigens in a sample obtained with a nasal swab. These assays are useful in the diagnosis of
Influenza A viral infections or Influenza B viral infections in a subject from whom the

sample was obtained. The assay was a sandwich assay, in which anti-Influcnza A or B
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antibodics were immobilized on a substrate (the interior of 2 translucent or transparent pipette
fip), and sample, aikaline phosphatase (ALP}-conjugated anti-influcnza A or B antibody, and
ALP substrate added to produce chemiluminescence proportional to the amount of Tnflucnza
antigen in the sample. The assay results were compared to those of a commereial test {the
Remel X/pect Influenza A & B; Remel Products, Lenexa, K8, USA, a division of Thermo

Fisher Scientific, Inc.).

[80368)  Muaterialy and Methods: The interior of a custom polymer pipette tip served as
the surface for this sandwich ELISA assay. The pipette tips were typically made from
polystyrene ot polypropylene, although other polymers or plastic materials are also suitable.
The pipette tip interiors were coated with avidin. The capture surface for the sandwich
ELISA was prepared by coating biotin-labeled anti-Infloeniza A antibody or biotin-labeled

anti-influenza B antibody onto the avidin-coated interior surfaces of the pipettes.

(30361} Capture and detection antibodies were obtained from United States Biclogical
Corporation {Salem, MA, USA) or SouthernBiotech {SouthernBiotechnology Associates,
Inc., Birmingham, AL, USA); capture antibodies were conjugated with biotin using a biotin
labeling kit, and detection antibodies were conjugated with ALP using a ALP labeling kit,
both from Dojindo Molecudar Technologies, Tnc. (Rockvilie, MDy, USA}. Buffers were
obtained from Sigma Aldrich Corporation (St Louis, MG, USA).

(80362} Samples were obtained from the nasal passages of subjects using nasal swabs.
Nasal swabs containing sample material were then subjected to an extraction process. ALP-
labeled anti-influcnza A or ALP-labeled anti-influenza B antibodies were then mixed with the
extracted sample material. This mixtare was then incubated with the capture surface for §
minutes. After the ncubation, the capture surface was washed and ALP substrate was
ncubated on the surface for § minutes; the resulting chemiluminescence intensity was then

read, with results reported in Relative Light Unus (RLU).

(66363 Buffers: TRIS-buffered Saline consisted of 138 mM NaCl, 2.7 mM K1, and
0.05 M tristhydroxymethy Daminomethane {TRIS), pH 8.

[80364] The extraction buffer was 0.5% Tween 20, 0.1% sodium azide in 20 mM

sodium phosphate buffer (pH 7.6).

(60365} The blocking buffer was 3% BSA blocking buffer, consisting of TRIS-
buffered Saline, 3% BSA, 0.05% NaNz, at pH 8,
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(80366} The alkaline phosphatase (AP} stabilizer was prepared by adding 0. ImM zinc

;

chioride and SmM magnesivm chloride to the 3% BSA blocking buffer,

(683671 The wash buffer was TRIS-buffered Saline, 0.05% Tween 20, 0.05% NalNjs, at
pH 8.

[80368] Influenza A and fnfluenza B Antibody Screen: Various permutations of pairs of
Influenza A or Infloenza B antibodics, consisting of paired capture antibodics (CAbs) and
ctection antibodies (DAbs), were tested on microtitre plates in order to identify the best-
performing pairs. A velume of 50 pl of sample was added to 400 pl of extraction buffer for
these experiments. The conditions inchuaded 5 pg/mL of CAb and 160 ng/ml. (final
concentration) of DAbD in blocking buffer. Positive and negative controls were from kits

N
Y

Simrarmin
FNAamG, La

N

obtained from cither Microbix Biosystems, Inc. (M1
Virusys Corporation (Taneytown, MDD, USA), The best pairs from the microtiire plate
screening experiments were then evaluated on the devices and systems disclosed herein, as

discussed in the following paragraphs.

[80369] Caprture Surface Titration: The capture surface was titrated at the following
concentrations: 10 pg/ml, § pg/ml, and | pg/ml Controls from the Virusys kit and Microbix
kit were used for this screening. The background control was a biocking buffer biank with no
added sample. The DAb was maintatned at a concentration of 100 ng/mal (final concentration
m blocking buffer). The optimal CAb concentration was determined to be 5 pg/ml for both

Influenza A and Influenza B.

[69378] Alkaline Phosphatase Stabilizer: Two alkaline phosphatase stabilizers were
tested for use as DAD diluents. In these experiments, 50 ul of sample was added to 500 pl of
extraction buffer. The CAD concentration was 5 pug/ml while the DAb concentration was
maintained at 100 ng/rol (final concentration afier the protocol rum}). Both the custom AP
stabilizer solation (ingredients listed above) and the conwmercial Stabilzyme® AP conjugate
stabilizer {SurModics, Inc., Eden Prairie, MN, USA} worked well. The costom AP stabilizer
was used in subsequent cxperiments,

(86371} Detection Antibody Titration: The AP-conjugated DAbs were titrated in the
AP stabilizer solution. The best modulation between the positive and negative controls was
chserved at 50 ng/md final concendration. The Influcnza A positive countrols were obtained

from Microbix Biosystems, Inc. and ZeptoMetrix Corporation (Buffalo, NY, USA), and the
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Influenza B positive contrals were obtained from Microbix Biosystems, Inc. and Virusys

Corporation.

(88372} Specificity tesis — fnfluenza A: Specificity and cross reactivity studies were
performed in extraction buffer using the sample processing and analysis devices and systems
as disclosed herein. Conirols for testing for potential cross-reactants were obtained from
Microbix Biosystems, inc. The potential cross-reactants tested were Respiratory Syncytial
Virus, Mycoplasma pneumonia, Adenovirus, Parainfluenza A-TH, Parainfluenza A-T1 and
Paraintluenza A —I. CADb concentration was 5 pg/mi while DAb concentration was 100 ng/ml
{final concentration after protocol tun}. No cross-reactivity was detected in these
experiments. Different straing of Inthuenza A and Influenza B were also tested to determine
the Influenza A specificity in the assay. Both Zeptometrix and Microbix controls (which are
prediluted controls} were used for this test. Positive Influenza A control swabs from the
Remel Xpeet Flu kit were also used. A sample voluae of 200 pl was mixed with 200 pl of
extraction buffer and tested for these prediluted samples. Swabs were processed using 400 pl
of extraction buffer for these experiments. In the following tables, relative Hight unmit (RLU}
measurements were made in friplicate; “CV%” 1s calculated by dividing the standard
deviation of the three measurements by the mean of the threc measurements and multiplying

by 100,

Table 4: Specificity Tests - Influenza A

Sample Type Sample ean RLU V%
Microbix POS CTL influenza A 127832 25.7
Zeptometrix -POS CTL influgnza A 24235 10.3
Swab-Rame! (FDA) influanza A 2689726 11.2
Zaptometrix-influanza A

Strain Briskane/598/07 202118 10.8
Zeptometrix-influenza A

Strain Brisbane/10/07 60655 14.2
Zeptometrix-Influenza A

Strain Perth/16/2009 36571 14.0
Zeptometrix-Influenza A

Strain Solomon islands/03/2006 91428 11.8
Virusys 250ng/mi of influenza A 4393807 16.3

Mean Positive 158559

Microbix Respiratory Syncytial Virus 1744 213
Microkix Mycoplasma pneumoniae 1798 23.2
Microkix Adenovirus 1954 24.7
Microbix Parainfluenza A-ii 2162 22.0
Microbix Parainfluenza A-H 2110 25.2
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Microbix Parainfluenza A - 2108 23.3
Microkix NEG CTL influenza A/B Negativa 2072 28.0
Zeptometrix-Influenza B
Strain Lee/40 2042 16.6
Zeptometrix-influenza 8
Strain Florida/02/2006 2306 16.4
Zeptometrix-influenza 8
Strain Brishane/33/2008 2849 15.7
Zeptometrix-influgnza 8
Strain Panama/45/90 2536 26.9

[66373] Specificity tesis — Influenza B: Specificity and cross reactivity studies were

performed 1o extraction buffer using the sample processing and analysis devices and systems

as disclosed herein. CAb concentration was S pg/mi while DAb concentration was 100 ng/ml

(final concentration after protocol run). No cross-reactivity was detected in these

experiments.
Table 5: Specificity Tests — Influenza B
vpe Sampie Maan RLU V%
Microbix CTL influenza B Pos 120127 11.7
Virusys CTL infiuenza B Pos 85127 12.1
Mean Positive 167627
MNegative CTL Negative Influenza B Virusys {TL 15965 18.3
Cross Reactant Parainfluenza 1 1257 193
Cross Reactant Parainfluenza 2 1509 18.3
Cross Reactant Parainfluenza 3 1486 5.4
Cross Reactant Adenovirus 1168 238
Cross Reactant M. Pneumaoniae 1975 0.5
Cross Reactant Raspiratory Syncytial Virus 1313 25.1
Cross Reactant Corynebacterium diptheriae 3081 22.0
Cross Reactant Strepiococcus pyroganes 4388 248
Cross Reactant Streptococcus pneumoniae 6302 25.5
Cross Reactant MV 534 i1s
Cross Reactant M.maningitis 3455 14.8
Cross Reactant Epstein Barr Virus 1938 8.2
Cross Reactant Measles 1710 23.6
Cross Reactant Mumps 2423 10.0
Cross Reactant E.coli 2251 8.2
Maan RLU of cross reactants 2363
Modulation 455
(89374} Clinical evaluation of the Influenza A assay: The performance of the Influenza

A assay using the sample processing and analysis devices and systems as disclosed herein
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was compared to the results obtained with the Remel FDA kit. CAb concentration was 5
pg/ml while DADb conceniration was maintained at 50 ng/ml (final concentration after the
protocol was run ). For the National Institute for Biological Standards and Countrol (NIBSC,
Hertfordshire, UK) intfhuenza straing, 50 ul of sample was added to the swab, and the swab
was then treated ke a sample swab. For the Zeptometrix panel controls (prediluted samples),
200 ! of sample was mixed with 200 ul of extraction buffer. Sample swabs were placed in
500 pl of extraction buffer and incubated for 3-5 minutes. This extracted sample was then
analyzed using the devices and systems as disclosed herein. Swabs and samples were

processed on the Remel FDA kit as directed 1o the kit instructions.

(683751 n the following tables, the “antibody index” (Ab Index) was used o
determine whether or not target influenza antigens were detected in a sample. The Ab Index
was caleulated by dividing the mean RLU by the cutoff value (calculated from the normal
sanples). The cutoff valoe was set cqual 1o the mean (normals) phus 4.5 ¥ standard deviation
(normals). An Ab Index of less than one indicates that a sample was a normal sample
{(negative: no target influcnza antigens were detected in the sample); an Ab Index of greater
than ong indicates that a sample was a positive sanaple (positive: target influenza antigens
were detected in the sample). The colimn labeled “Remel FDA™ presents the results of the
Remel FDA kit on the indicated samples as either positive (+): infhuenza A detected, negative

(-} influenza A not detected, or “NT™: not tested.

Table 6: Clinical Fvaluation — Influenza A
Ab Remel
Type iD# index FDA

Normal Clinicals 1 3.02 -
6 0.02
7 0.02 -
b:) 0.02 -
10 0.02 -
11 0.01 -
1z 0.02
13 0.01 -
15 0.02 -
16 3.04 -
17 0.02 -
18 0.02
2 .32 -
3 (.23 -
4 0.20 -
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9 .05 -
14 .29 -
19 0.95 ~
REMEL FDA Swab 2.66 +
Zeptometrix CTTLS influenza APOS 1.27 +
Zeptometrix
influsnza A Brisbane/10/07 2.58
Zeptometrix
influenza A solomon islands/03/2006 3.25 +
Zeptometrix
influenza A New Caledonia/20/99 2.57 +
Zeptometrix
influenza A Brisbane/59/07 5.16 +
NIBSC STANDARDS | Panama 45/90 0.06 NT
FLU B Strains influenza Antigen B-Iohannesburg 3.06 NT
influenza Antigen B-Guangdong 0.08 NT
influenza Antigen B/Yamanashi/166/98, 0.41 NT
influanza Antigen B/Malaysia/2506/2004 0.02 NT
influenza Antigen 8/Harbin/7/94 3.06 NT
8:/Florida 4/2006 0.04 NT
NIBSC STANDARDS | influenza Antigen A/California /7/2008-HiN1 6.88 NT
FLU A Strains influenza Antigen A/HongKong/1073/99 {HON2) 8.56 NT
influenza Antigen A/Cambodia/RO405050/2007 {H5N1) 6.02 NT
influanza Antigen A/mallard/England/727/2006 {H2N3} 5.70 NT
influenza Antigen A/New York/107/2003 (H7N2} (NIBRG-109) 7.26 NT
influenza Antigen AfNew York/55/2004 (H3N2} (NYMC X-157) 6,54 NT
88376} The results of these Infloenza A clinical evaluation experiments showed that

all samples with fofluenza A antigens tested positive for Influenza A, while normal samples
and samples with Influenza B antigens did not test positive for Inthienza A; these results

were in agreement with the results obtained with Remel FDA kit

(80377} Clinical evaluation of the Influenza 8 assay: The performance of the Influenza
B assay using the sample processing and analysis devices and systems as disclosed herein
was compared to the Remel FDA kit. CAb concentration was 5 pg/ml while DAb
concentration was maintained at 50 ng/ml (final concentration after the protocol was run). For
the NIBSC influenza strains, 50 pl of sample was added to the swab, and the swab was then
treated hike a sample swab. For the Zeptometrix panel controls (predibuted samples), 200 ul
of sample was mixed with 200 pl of extraction buffer. Swabs were placed in 560 pi of
extraction buffer and incubated for 3-8 minutes. This exiracted sample was then analyzed
using the devices and systems as disclosed herein. Swabs and samples were processed on the
Remel FDA kit as directed in the kit instractions. As discussed above, the cutoff vahie was

set equal to the mean (normals) plus 4.5 X standard deviation (normals), and the Ab Index
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was calcudated by dividing the mean RLU by the cuteff value. The column labeled “Remet

FDA” presents the results of the Remel FDA kit on the indicated samples as cither positive

PCT/US2014/054424

{+): intluenza B detected, or negative (-1 influenza B not detected.

Table 7: Clinical Evaluation — Influenza B
&b Remel
Type D# index FDA

Normal Clinicals 1 0.02 -
& 0.03 -

7 (.02
g .02 -
10 .04 -
i 0.02 -
iz 0.03 -

i3 (.01
15 .02 -
i (.06 -

17 0.02
18 0.03 -
2 0.11 -

3 (.03
4 .04 -
9 .05 -
14 0.36 -
19 0.79 -
REMEL FDA Pos B Swab 10.78 +

Zeptometric QC

panel Influenza A POS 0.02 -

Influenza A Brisbane/10/07 0.03
influenza A Seiomeon isiands/03/2006 .01 -
Influenza A New Caledonia/20/99 .02 -
Influenza A Brisbane/58/07 (.03 -
NIBSC STANDARDS Panarma 45/8C 14.28 EX
Influenza Antigen B-Johannesburg 2.58 +
Influenza Antigen B-Guangdong 21.28 +
Influenza Antigen B/Yamanashi/166/93. 6.05 +
Influenza Antigen B/Malaysia/2506/2004 7.53 +
Influenza Antigen B/Harbin/7/94 18.21 +
B:/Florida 4/2006 18.27 +
Influenza Antigen A/California /7/2008-HINL 0.36 -
Influenza Antigen A/HongKong/1073/98 (HON2) 0.520 -

Influenza Antigen A/Cambodia/RO40505G/2007 {HSN1) (.61
Influenza Antigen A/mallard/England/727/2006 {(HZN3) (.50 -
Influenza Antigen A/New York/i07/2003 (H7N2) (NIBRG-108) 0.39 -

Influenza Antigen A/New York/55/2004 (H3N2) INYMC X-157} 0.12

Zeptometrix Panel

fnfiuenza B Lee/ad 1131 +
influenza B Florida/02/2006 2.57 +
influenza B Brishane/33/2008 12.36 +
influenza B Panama/45/90 5.93 +
influenza 8 Panama/45/30 4.64 +
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(88378 The results of these Influenza B clinical evaluation experiments showed that
all samples with Influcnza B antigens tested positive for Influenza B, while normal samples
and samples with Influcnza A antigens did not test positive for Influenza B; these results
were in agreement with the results obtained with Remel FDA kit

Example 4

(68374 Further examples of markers indicative of infectious discase which may be
detected, identified, and analyzed by methods, systems and devices disclosed herein are
shown in Figs. 22-32. For example, Fig. 22 lists forther markers for diseases which are
pamed in the figure, and which are grouped together as, e.g. nosccomial discases (listed
under the heading “Nosocomial Panel (HAD™); respiratory diseases (listed under the heading
“Respiratory Pancl™); sexually wansmitted discases (listed under the heading “STD Panel
(lesion swabs)” and “STD Panel (blood)”, where the parenthetical expressions “lesion swabs”
and “biood” indicate the source and method of obtaining the sample); infectious discases
{(Histed under the heading “Infectious Disease Pancl”); gastrotntestinal discases {listed under
the heading “QGastrointestinal Pancl™); and orinary tract diseases (listed vnder the heading
“Urinary Tract Infection Panel™). Fig. 22 also lists controls and additional assays, as
ndicated by the labels “Controls” and “Additional Assays”,

[80380] Fig. 23A shows an influenza panel naming several inthienza types which may
be identificd by the methods and devices discussed hercin. This figire refers to detection of
varigus types of influenza by nucleic acid detection methods discussed herein, In this, and
subsequent figures, and clsewhere in the application, “LOD” indicates “luntt of detection.”
The influenza types may be detected at levels indicated in the figuve; for example, infloenza
A may be detected by the methods, devices and systems disclosed herein when present ina
sauple at less than 100 copies per roicroliter {c/ul., where copies refers to copies of the target
nucleie acid sequence ndicative of influenza A). As indicated in Fig. 23A, other influenza
types, such as influenza B and infloenza HINT (seasonal) can be detected at levels of less
than 10 copies per microliter.

(603813 Fig. 238 shows inflection times for several influenza types which may be
identified by the methods and devices discussed herein. Target influenza nucleie acids
mdicative of the named influenza types were tested at 100 copies per microliter, and the time
{from initiation of the nucleic acid detection assay) in minutes until detection is displayed (as
detected by the inflection of the RFU output as shown, e.g., in previous figures).

(803821 Fig. 24A shows various respiratory disease pancls naming respiratory disease

types which may be identified by the methods and devices discussed herein. The it of
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detection (LOD) ts indicated for each respiratory discase in the right-most cohnmu of the
figure; LODs were either 10 copies per microliter {¢/ull} or 100 ¢/ul.

[66383] Fig. 248 shows mflection times for upper and lower respiratory tract disease
types which may be identified by the methods and devices discussed herein, Target
respiratory disease nucleic acids indicative of the named respiratory diseases were tested at
100 copies per microliter, and the time (from initiation of the nucleic acid detection assay) in
minutes untit detection is displayed {as detected by the mflection of the RFU output as
shown, ¢.g., in previcus figures).

(663847 Fig. 25A shows various hospital acquired infectious diseases {indicated by the
acronym “HAI™) naming discascs which may be identified by the methoeds and devices
discussed herein. The limit of detection (LOD) is indicated for cach HAIT discase in the right-
most colomn of the figure; all LODs were 10 copies per microliter {¢/oL).

[80385] Fig. 258 shows inflection times for various hospital acquired infectious
discase panels namdng respivatory disease types which may be identified by the methods and
devices discussed herein. Target nucleic acids mdicative of the named HAT diseases were
tested at 100 copies per microliter, and the time (from initiation of the nucleic acid detection
assav} in minutes until detection is displayed {(as detected by the inficction of the RFU
output}).

(688386} Fig. 26 shows results of a nucleic acid assay as described herein (see also the
descriptions of these methods, e.g., in U.S. Patent Applications 61/800,606; 61/908,027;
62,001,050; and 14/214,850) for intlacnza A matrix protein that is desigoed to be inclusive
for all Influenza A subtypes. The results are specific. Note that the inflection times for the
“no template control” (NTC) as well as for the influenza B targets were significantly greater
than {and readily distinguishable from) the inflection times for the influenza A targets.

(693871 Fig. 27 shows that the nucleic acid assays described herein (see also the
descriptions of these methods, e.g., in U8, Patent Applications 61/800,606; 61/908,027;
62,001,050; and 14/214,850) are specific for the target H2NZ mmfluenza type. The results are
specific. Note that the intlection times for the H3N2 influcnza A targots A/Aichi/2/68,
A/Victonia/3/75, and L&R1 were significantly shorter than (and readily distinguishable from}
the inflection times for the non-H3NZ influenzas.

[36388] Fig. 28 shows that the nucleic acid assays as described herein {see also the
descriptions of these methods, e.g., in U5, Patent Applications 61/800,606; 61/908,027;
62,001 ,050; and 14/214 850} are specific for the target HINT seasonal influenza type. Note
that the inflection times for the HINI {scasonal) influenza A targets were significantly
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shorter than (and readily distinguishable from) the inflection times for the other influenzas
and for the no template control (NTC).

(30389} Fig. 29 shows potential interforing substances for the nucleic acid assays as
applicd 1o the sexually transmitted disease (STD) pancl, and concentrations which these
mterforing substances were tested for interference with the assays. None of the indicated
concentrations of the potentially interfering substances interfered with the nucleic acid
a88ays.

(663967 Fig. 30 shows potential interfering substances for the nucleic acid assays as
applied to the sexually transmitted disease (STD) urine panel, and concentrations which these
nterfering substances were tested for interference with the assays. None of the indicated
concentrations of the potentially interfering substances interfered with the nucleic acid
385aYS.

(803913 Fig. 31 shows potential interfering substances for the nucleic acid assays as
applied to the bleod paocl, and concentrations which these interfering substances were tested
for interference with the assays. None of the indicated concentrations of the potentially
mterfering substances interfered with the nocleic acid assays.

(680392 While the above is a complete description of the preferred embodiment as
described herein, it is possible to use various alternatives, modifications and equivalents.
Therefore, the scope of the present mvention should be determined not with reference to the
above description but should, instead, be determined with reference to the appended claims,
along with their full scope of cquivalenis. Any feature, whether preferred or not, may be
combined with any other feature, whether preferred or not. The appended claims are not to
be interpreted as including means-plus-function limitations, unless such a limitation is
explicitly recited in a given claiio using the phrase “means for.” It shounld be understood that
as used n the description herein and throughout the claims that follow, the meaning of "a,”
"an,” and "the” nchudes ploural reference unless the context clearly dictates otherwise. Also,
as used in the description herein and throughout the claims that follow, the meaning of "in"
meludes "in" and "on” unless the comtext clearly dictates otherwise. Finally, as used in the
description herein and throughout the claims that follow, the meanings of "and” and "or”
imchide both the conjunctive and disjunctive and may be used interchangeably unless the
context expressly dictates otherwise. Thus, in contexts where the terms "and"” or "or" are
used, usage of such conjunctions do not exclude an “and/or” meaning unless the context

gxpressly dictates otherwise.
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[86393] This document contains material subject to copyright protection. The
copyright owner {Applicant herein) has no objection to the facsimile reproduction by anyone
of the patent document or the patent disclosure, as they appear in the US Patent and
Trademark Otfice patent file or records, but otherwise reserves all copyright rights

whatsoever. The following notice shall apply: Copyright 2013-2014 Theranos, Ine.
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WHAT IS5 CLAIMED I5:

1. A system for detecting the presence of one or more of a plurality of markers indicative of

an infectious disecase in a small-volume clinical sample, comprising:
a) a sampic handling system;
b} a detection station comprising an optical sensor;
¢) a fluidically isolated sample collection onit configured to retain a clinical sample;

d} an assay station comprising at least a first, sccond, and third fluidically isolated
assay unit, wherein the first unit comprises a first reagent comprising an andibody, the second
anit comprises a second reagent comprising an oligonocleotide, and the third unit comprises a

third reagent comprising a chromogen, dye, or other label; and

¢) a controller, wherein the controller comprises a local memory and is operatively

coupled to the sample handling system and the detection station;

wherein the system is configured to perform assays with any one or more of the fitst,
second, and third assay umits; wherein the local memory of the controller comprises a
protocol comprising instructions for: 1) directing the sample handling system o transfer a
portion of the clinical sample to the first assay unit for performance of an immunoassay, the
second assay unit for performance of a nucleic acid assay, and the third assay unit for
performance of a general chemistry assay comprising a chromogen, dye, or other label; and
ii} directing the sample handhing system to transfer the first unit, the second onit, and the third

assay unit to the detection station.

2. A system for detecting the presence of one or more of a phurality of markers indicative of

an infectious disease in a smatl-volume clinical sample, comprising:
a) a sample handling system;
b} a detection station comprising an optical sensor;

¢ a fluid handling system configured to transport fluids between components of said

system, wherein said transport of fluids comprises transport of isclated aliquots of fiuid;
dy a fluidically isolated sample collection unit configured 1o retain a chinical sample;

) an assay station comprising at least a first, second, and third fluidically isolated

assay unit, wherein the first unit comprises a first reagent comprising an antibody, the second
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anit comprises a second reagent comprising a nucleic acid, and the third unit comprises a

third reagent comprising a chromogen, dye, or other label; and

) a controlier, wherein the controller comprises a local memory and is operatively

coupled to the sample handling system and the detection station;

wherein the system is configured to perform assays with any one or more of the first,
second, and third assay vunits; wherein the local memory of the controller comprises a
protocol comprising instructions for: 1) directing the sampic handling system to transfer a
portion of the clinical sample to the first assay unit for performance of an immunocassay,, the
second assay unit for performance of a nucleie acid assay. and the third assay vt for the
performance of a general chemistry assay; and i) directing the sample handling system to

transfor the first unit,the second unit, and the third assay unit to the detection station.
3. A clinical sample processing device, comprising:
a) a sample handling system;
b} a detection station comprising an optical sensor;
¢) a fluidically isolated sample collection unit configured to retain a clinical sample;

d) an assay station comprising at least a fivst, second, and third {fluidically isclated
assay unit, wherein the first unit comprises an antibody, the second vnit comprises an

oligonucleotide, and the third unit comprises a chromogen, dye or other label; and

¢) a controller, whercin the controller is operatively coupled to the sample handling
system, wherein the saraple handling system 15 configured to transfer a portion of the clinical
sample from the sample collection unit to each of the fivst assay umit, the sccond assay unit,
and the third assay unit, and the device is configured to perform an inmpunoassay, a mucleic

acid assay, and a general chemistry assay comprising a chiromogen, dye, or other label.

4. The system of any of claims 1, 2, or 3, whercin the system comprises a point-of service

system.

3. The system of any of claims 1, 2, or 3, wherein the systern is located at a point-of-service

location, and is configured for use in analyzing a sample at said point-of-service location.
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6. The system of any of claims 1, 2, or 3, wherein the systern is a point-of scrvice systera
configured o perform a plurality of assays on a single small vohume sample, or on aliquots

thereof

7. The point-of-service (POS) system of claim 6, wherein a small volome comprises a volume
selected from volumes less than about 500 kL, less than about 250 uL, less than 150 uL, less
than about 100 pl., less than about 50 ul., less than about 25 ul., less than about 10 pl, less

than about 5 pl., and less than about 1 ul.

8. The point-of-service (POS) system of any of claims 4 1o 7, whercin the POS location s

selected from a retail pharmacy, a supermarket, a clinic, a hospital, and a doctor’s office.
$. The system of any of claims 1, 2, or 3, wherein the system is contained within a housing.

10. The system of claim 9, wherein the fluid handling system is configured to transport fhuid
within said housing,
11. A clinical sample processing device, comprising:
a) a sample handling system;
b} a detection station comprising an optical sensor;
¢) a fluidically isolated sample collection unit configored to retain a clinical sample;
d} an assay station comprising at least a first, second, and third fluidically isolated
assay unit, wherein the first unit comprises an andibody, the second unit comprises an

ohigomucleotide, and the thivd unit comprises a chromogen or a dye or other label; and

¢) a controller, wherein the controller i1s operatively coupled to the sample handling
system, wherein the sample handling system is configured to transfer a portion of the clinical
sample from the sample collection unit to cach of the first assay unit, the second assay unit,
and the third assay unit, and the device is configured to perform an immunoassay, a mucleic

acid assay, and a general chemistry assay comprising a chvomogen, dye, or other label.
12. The device of claim 11, wherein the device comprises a point-of service device.

13, The device of ¢laim 11, wherein the device 15 located at a point-of-service location, and

is configured for use in analyzing a sample at said point-of-service location.
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14. The device of claim 11, wherein the device is 2 point-of service device configured 1o

perform a plurality of assays on a single small vohune sample, or on aliquots thereof.

15. The pomt-of-service (POS) device of claim 14, wherein a small volume comprises a
volume selected from volumes less than about 500 uL, less than about 250 pL, less than 150
pl., less than about 100 pL., less than about 50 ul, less than abowt 25 pL, less than about 10

ul., less than about 5 ul., and less than about 1 pl.

16. The point-of-service (POS) device of any of claims 12 to 15, wherein the POS location is

selected from a retail pharmacy, a supermarket, a clinic, a bospital, and a doctor’s office.
17. The device of claim 11, wherein the device comprises a housing.

18. The device of elaim 17, wherein the fluid handling system is configured to transport fluid

within said housing.

19. A method of testing tor the presence of a plurality of different discase markers in 2 small-
volume clinical sample, comprising:
a) introducing a8 clinical sample having a volume of no greater than S00 microliters

nto a sample processing device, wherein the device comprises:

1} a sample handling systeny;

it} a detection station;

i1t} a cytometry station comprising an imaging device and a stage for receiving
a microscopy cuvette; and

1V} an assay station comprising at least a first, a second, a third, and a fourth
mdependently movable assay unit;

3 with the aid of the sample handling system, transferring a portion of the clinical
sample to each of the first, second, third, and fourth assay units, wherein an assay for the
detection of a first, second, third, and fourth disease marker is performed in each of the first,
second, third, and fourth assay units;

¢} with the aid of the sampie handling system, transferring the first, second, third, and

fourth assay units to the detection station or cytometyy station, wherein assay uniis
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comprising immnmoassays or general chemistry assays are transforred to the detection station

and assay units comprising cytometric assays are transferred to the cytometry station; and

d} with the aid of the detection station or cytometry station, obtaining data
measurcments of the assay performed in cach of the first, second, third, and fourth assay

uts.

20. A method of detecting the presence of at least one discase marker that is one of a plurality
of different disease markers tested in a small-volume clinical sample, comprising:

a) introducing a8 clinical sample having a volume of no greater than S00 microliters
nto a sample processing device, wherein the device comprises:

1} a sample handling systeny;

it} a detection station;

i1t} a cytometry station comprising an imaging device and a stage for receiving
a microscopy cuvette; and

1V} an assay station comprising at least a first, a second, a third, and a fourth
mdependently movable assay unit;

b} with the aid of the sample handling system, transferring a portion of the clinical
sample to each of the first, second, third, and fourth assay units, wherein an assay for the
detection of a first, second, third, and fourth disease marker is performed in each of the first,
second, third, and fourth assay units;

¢y with the aid of the sampic handling system, transferring the first, sccond, third, and
fourth assay units to the detection station or cytometry station, whercin assay units
comprising inununoassays or general chemistry assays are transferred 1o the detection station

and assay onits comprising cytometric assays are transferred to the eytometry station;

d) with the aid of the detection station or cytometry station, obtaining data
measirements of the assay performed in cach of the first, second, third, and fourth assay

units, and
¢) detecting the presence of a discase marker.

21. The method of claim 19 or claim 20, wherein the method is a point-of service method

erformed at a point-of-service location.
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22. The method of claim 19 or claim 20, the oethod is a point-of service mothod performed
at a point-of-service location, and wherein the clinical sample is obtained at the point of

service location.

23. The method of claim 19 or claim 20, the method is a point-of service method performed
at a point-of-service location, and wherein the methods are used in analyzing a clinical

sample at satd point-of-service location,

24. The method of claim 19 or claim 20, comprising point-of service methods performed at a
point-of-serviee focation, wherein the methods are for performing a plurality of assays ona

single small volume clinical sample, or on aliquots thereof.

25, The method of claim 19 or claim 20, comprising point-of service methods performed at a

point-of-service location, wherein the methods may be performed in a short period of time.

26. The method of claim 19 or claim 20, comprising point-of service methods performed at a
point-of-service location, wherein the methods are for performing a plurality of assays on a
single small volume clinical sample, or ov aliquots thereof, and may be performed in a short

period of time.

27. The method of any of claims 19 to 26, wherein the methods are performed on a small
volume clinical sample, wherein said small volume comprises a volume selected from
volumes less than about 500 uL, less than about 230 pl, less than 150 uL, less than about
100 pl, less than abowut 50 ul, less than about 25 pl., less than about 10 pl., less than about §

ul, and less than about | pl.

28. The mocthod of any of clatias 19 10 27, whercin the raethods are performed in a short
period of time, wherein a short time period compriscs a period of time of less than about three
howrs, or less than about 2 hours, or less than about 1 howr, or less than about 50 minutes, or
less than about 435 minutes, or less than about 40 minuies, or less than about 30 minuotes, or
less than about 20 nunutes, or less than about 15 mimates, or less than about 10 minutes, or
fess than about 5 minutes, or less than about 4 minutes, or less than about 3 minutes, or less

than about 2 minutes, or fess than about 1 minute,
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29. The method of any of clains 19 to 28, wherein the method is performed at 2 point-of-
service (POS) location, wherein a POS location is selected from a vetail pharmacy, 4

supermarket, a clinic, a hospital, and a docior’s office.

30. The method of any of claims 19 t0 29, wherein the method comprises an automatic

method.

31. The method of any of claims 19 to 30, comprising testing for, or detecting, a disease
marker, wherein the disease marker is selected from a nucleic disease marker, a protein
discase marker, a saccharide, a prostaglandin, a cytokine, histanyine, a steroid, and a marker

for mflammation.

32. The method of claim 31, wherein the discase marker is a marker for inflammation
selected from prostaglanding, timor necrosis factor alpha (TNF-a), interleukin-1 (JL-1),
wmterleokin-8 (1L-8}, interleukin-12 (JL-12), interferon gamma (IF-y), bradykinin,
complement system molecules, blood-clotting factors, C-reactive protein, ervihrocyte
sedimentation rate (ESR), white bloed cell count, and morphological changes in biood and

other cells.

33. The method of any of claims 19 to 30, wherein the disease tested for, or the disease
detected, is caused by a disease-causing agent sclected from the group of discase-causing
organisios counsisting of a virus, & bacterium, a mycoplasm, a fungus, a yeast, and other

THCTO-OF Zanisms.

34. The method of any of claims 19 to 30, wherein the disease tested for, or the disease
detected, comprises a respiratory disease selected from upper respiratory discases and lower

respiratory diseases.

35. The method of any of claims 19 to 30, wherein the disease tested for, or the disease
detected, comprises a discase selected from influenza, a respiratory disease, a sexually

transmitted disease, and other infectious discases.

36. The method of any of clatus 19 to 30, wherein the discase tested for, or the disease
detected, comprises an infloenza selected from HINT (seasonal), HiN1 (novel), H3NZ,

H7N9, and HSNL
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37. The method of any of claims 19 to 30, wherein the discase tested for, or the discase
detected, comprises a respiratory disease selected from a disease caused by adenovirus B,
adenovirus C, adenovirus E, Bordetella pertussis, mycobacterium tuberculosis (MTB),
Staphvlococcus aurcus, Methicillin-Resistant Staphylococcus aurcus {(MRSA), Group A

streptococcus, and Group B streptococcus.

38. The method of any of claims 19 to 30, wherein the disease tested for, or the discase
detected, comprises a sexually transmitted disease selected from a discase caused by herpes
simplex virus (HSV), homan immunodeficiency virus (HIV), streptococcas B, and treponema

patlidum,

39. The method of any of claims 19 to 30, wherein the method is performed at a point-of-
service (POS) location, whercin a POS location is selected from a vetail pharmacy, a

supermarket, a clinic, a hospital, and a doctor’s office.

4. A method for providing a prescription for treatment of an infectious disease in a subject,
comprising:

Providing a clinical sample obtained from a sebject;

Analyzing said clinical sampic at a point-of-service (POS) location, whercin
analyzing comprises testing for, or detecting the presence of, a plurality of discase markers,
1 the climical sample;

Dictermining a suitable treatment for a disease indicated by the presence of a
marker detected by said analysis; and

Providing a prescription for said suitable treatment.

41. The method of claim 40, wherein said clinical sample 1s obtained from said subject at said

point-of-service {(POS) location.

42, The method of ¢laim 40 or claim 41, wherein said point-of-service {(POS) location is

selected from a retail pharmacy, a supermarket, a clinic, a hospital, and a doctor’s office.
43. The method of any of claims 40 to 42, wherein said method is an automatic method.

44. The method of any of claims 40 to 43, wherein said prescription is filled at the point-of-

service (POS) location.
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43, The method of any of claims 40 to 44, wherein a bill for said analysis performed at the

point-of-service (POS) location is issued at the POS location.

46. The method of any of claims 40 to 44, wherein a bill for said prescription is issued at the

point-of-service (POS) location.
47. The method of claims 45 or claim 46, wherein said bill 1s issued automatically.

48. The method of any of clatius 45 10 48, wherein the subject carries insurance, and a bill for

said testing or for said prescription is issued to the subject’s insurance carrier.

49, The method of claim 48, wheremn said bill is 1ssued to the subject’s insurance carrier

automatically.

50. The method of any of claims 45 to 49, wherein ap automatic payment is made for a hill

for said testing or for said prescription.

51. The method of claim 50, wherein said bill for said testing or for said preseription 1s an

automatic bill

52. A method for determining the stage of an infection in a subject suffering from an

imfection, comprising:

Subiccting a samuple from said subject o a test for the presence of a nucieic acid
mdicative of the infection, and to a test for the presence of ap antibody ndicative of the

infection, and

Determining whether the relative amounts of the results of the nucleic acid test and
the antibody test indicate that the infection 1s a recent infection, or not, wherein a) a greater
relative amounts of the results of the nucleic acid test as compared to the relative amounts of
the antibody test indicate the infection is a recent infection, and b) significant amounis of
antibody to the infections agent in the antibody test indicate the infection is not 8 recent

infection.

53. The method of claim 52, wherein said sampie is selected from a sample taken from a

throat swab, a check swab, saliva, blood, or other sample.

54. The method of claim 52, wherein said sample is divided into at least two portions.
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35. The method of claim 52, whercin sigoificant amounts of antibody to the tnfectious agent
are detected, and further wherein nucleic acid markers indicative of the infectious agent are

relatively sparse, wherein the infection is in a late stage.
56. The method of claim S§, wherein the infection is waning.

57. The method of any of claims 40 to S1, wherein the analysis of the sample comprises
analysis to determine whether the sebject suffers from a bacterial infection, a viral infection,
a yeast infoction, a miycoplasma infection, a fungal infection, other infection, or combination

thereof

38. The method of any of clainms 40 to 51, wherein the analysis of the sample comaprises
analysis to determine whether the subject suffers from a bacterial infection or a viral

infection.

59. The method of any of claims 40 to 51, wherein providing a preseription for said suitable
reatment comprises prescripéion of an antibiotic when the analysis of the sample delermines

that the subject suffers from a bacterial infection.

6(.The method of any of claims 40 to 51, whercin providing a prescription for said suitable
treatment comprises the prescription of an anti-uycoplasmal drug when the analysis ot the

sample determines that the subject suffers from a mycoplasmal infection.

61. The method of any of claims 40 to 51, wherein providing a prescription for said suitable
treatment compriscs the prescription of an anti-viral drug when the analysis of the sample

determines that the subjoct suffers from g viral infection.

62. The method of any of claims 40 to 51, wherein providing a preseription for said suitable
reatment comprises avoiding the prescription of an antibiotic, when the analysis of the

sample determines that the subject suffers from a viral infection.

63. The method of any of clatos 40 to 51, wherein providing a prescription for said suitable
treatment comprises avoiding the prescription of an antibiotic, and providing the prescription
of an anti-viral drag, when the analysis of the sample determines that the subject suffers from

a viral infection.
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64. The method of any of claims 40 to 51, wherein providing a prescription for said suitable
treatment compriscs the preseription of an anti-fungal drug when the analysis of the sample

determines that the subject suffers from a fungal infection.

65. The method of any of claims 40 to 51, wherein providing a preseription for said suitable
reatment comprises the prescription of an anti-yeast drag when the analysis of the sample

determines that the subject sutfers from a yeast infection.

66. The method of any of claims 19 to 30, wherein the discase detected is caused by a
discase-causing agent sclected from the group of disease-causing orgavisms consisting of a
virus, a bacterium, a mycoplasm, a fungus, a yeast, and other micro-organisms, and further
comprising providing a prescription for the suitable treatment of said virus, bacteriom,

mycoplasm, fungus, yeast, or other micro-organism.

67. The method of claim 66, wherein providing a prescription for said suitable treatment
comprises prescription of an antibiotic when the analysis of the sample determines that the

subject suffers from a bacterial infection.

68.The method of claim 66, wherein providing a prescription for said suttable treatment
comprises the prescription of an anti-mycoplasmal drug when the analysis of the sample

determines that the subjoct suffers from s mycoplasmal infection.

69. The method of claim 66, wherein providing a prescription for said suitable treatment
comprises the prescription of an andi-viral drug when the analysis of the sample deteroines

that the subject suffers from a vival infection.

70. The method of claim 66 wherein providing a prescription for satd suitable treatment
comprises avoiding the prescription of an antibiotic when the analysis of the sample

determines that the subject suffers from a viral infection.

71. The method of claim 66, wherein providing a prescription for said saitable treatment
comprises avoiding the prescription of an antibictic, and providing the prescription of an anti-
viral drug, when the analysis of the sample determines that the subject sutters from a viral

infection.
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72. The method of claim 66, wherein providing a prescription for said suitable treatment
comprises the prescription of an anti-fumgal drug when the analysis of the sanple determines

that the subject sutfers from a fungal infection.

73. The method of claim 66, wherein providing a prescription for said suitable treatment
comprises the prescription of an anti-yeast drug when the analysis of the sample determines

that the subject suffers from a yeast infection,

74. A method of determining the state of response to a discase in a subject, comprising:

a) imtroducing a clinical saraple into 4 sample processing device, said sample having
been obtained from a sobject suspected of suffering from a discase caused by a disease-
causing organism, said clinical sample having a volume of no greater than 500 microliters,

whergin the device comprises:
i) a sample handling system;
11} a detection station; and

iit) an assay station comprising at least a first and a second independently

movable assay unit;

b} with the aid of the sample handling system, transferring a portion of the clinical
sample to cach of the first and sccond assay units, wherein an assay for the detection of a
nucleic acid imdicative of the discase-causing organism is performed in said first assay unit,
and an assay for the detection of antibodies to the disease-causing organism is performed in

the sccond assay unit;

¢) transferring the fivst and second assay units to the detection station with the aid of

the sample handling system;

d) obtaining data measurements with the aid of the detection station, said data
measurements comprising determining the level of nucleic acid indicative of a discase
organism in the sample, and determining the level of antibodics directed to that diseasc

organism in the sample; and

) 1} determining that the infection 15 a recent fnfection, and in an early stage of the
disease, where the level of nucleic acid indicative of a discase organism is high and the fevel
of antibodics divected to that disease organism s low or normal; ii) determining that the

~t
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mfection is not a recent infection, and not in an early stage of the discase, where the level of
nucleic acid ndicative of a discase organism is high and the ievel of antibodics directed o
that discase organism is high; and i} determining that the infection is 2 waning infection, and
m a late stage of the disease, where the level of mucleic acid indicative of a disease organism

1s low or normal, and the level of antibodies directed to that disease organism is high,

where a normal level of a marker 18 the level of that marker determined in a healthy
popufation of normal subjects, where a high level is one that significantly exceeds a normal
level as determained in a bealthy population of normal subjects, and a low level is one that is

below the normal level as determined in a healthy population of normal subjects.

75. The method of determining the state of response to a discase in a subject of claim 74,

further comprising detecting the level of inflammatory cytokines.
£ g Y

76. The method of determining the state of response to a disease in a subject of claim 74,
wherein said device further comprises a cytometry station comprising an tmaging device and
a stage for receiving a microscopy cuvette, the method further comprising imaging a white

blood cell in 2 blood sample obiained from the subject.

77. The method of claim 76, wherein imaging a white blood cell in a blood sanmpie obtained
from the subject comprises detecting the level of a white blood cell type in a blood sample
chtained from the subject, and determining whether said detected level of said type of white
blood cell is above, at, or below a normal level for that type of blood cell, wherein the normal
level for that type of white blood cell s determined by the level of that type of white bloed

cell 10 blood samples from a healthy popualation.

78. The method of any of claims 74 to 77, wherein the method is & point-of service method

performed at a point-of-service location.

79. The method of any of claims 74 to 77, wherein the method is a point-of service method
performed at a point-of-service location, and wherein the clinical sample is obtained at the

point of service location.

8{}. The method of any of claims 74 to 77, wherein the method is a point-of service method
performed at a point-of-service location, and wherein the methods are used in analyzing a

clinical sample at said point-of-service location.
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81. The method of any of clainms 74 to 77, comprising point-of service methods performed at
a point-of-service location, wherein the methods are for performing a plurality of assays on a

single small volume clinical sample, or on aliguots thercof.

82. The method of any of claims 74 to 77, comprising potnt-of service methods performed at

a point-otf-service location, wherein the methods may be performed in a short period of time.

83. The method of any of claims 74 to 77, comprising point-of service methods performed at
a point-of-service focation, wherein the methods are for performing a plurality of assays ona
single small volume clinical sample, or on aliquots thercof, and may be performed in a short

period of time.

84. The method of any of claims 74 to 83, wherein the methods are performed on a small
volume clinical sample, wherein said small volome comprises a volome selected from
volumes less than sbout SO0 gL, less than about 256 ul, fess than 150 uL, less than about
100 pk., less than about 50 ul., less than about 25 pl., less than about 10 pl, less than about §

ul, and less than about 1 pl.

85, The method of any of claims 74 to 84, wherein the methods are performed in a short
period of ime, wherein a short time period comprises a peried of time of less than about three
hours, or less than about 2 hours, or less than about 1 hour, or less than about 50 minutes, or
fess than about 45 minutes, or less than about 40 nunutes, or less than about 30 nunutes, or
fess than about 20 mimstes, or less than about 15 minutes, or less than about 10 munutes, or
lcss than about 5 minutes, or less than about 4 minutes, or less than about 3 minutes, or less

than about 2 nunutes, or less than about 1 nunute.

86. The method of any of claims 74 to 85, whorein the method is performed at a point-of-
service (POR) location, wherein a POS location 15 selected from a retatl pharmacy, a

supermarket, a clinic, a hospital, and a doctor’s office.

87. The method of any of claims 74 to 86, wherein the method comprises an automatic

method.

88. The method of any of claims 74 to 87, comprising testing for, or detecting, a discase
marker sclected from a saccharide, a prostaglandin, a cytokine, histamine, a steroid, and a

marker for inflammation.
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89. The method of claim 88, wherein the disease marker is a marker for inflammation
selected from a prostaglandin, tumor neerosis factor alpha (TNF-g), mterleulan-1 (JL-1),
wmterleokin-8 (1L-8}, interleukin-12 (JL-12), interferon gamma (IF-y), bradykinin,
complement system molecules, blood-clotting factors, C-reactive protein, ervihrocyte
sedimentation rate (ESR), white bloed cell count, and morphological changes in biood and

other cells.

S0, The method of any of claims 74 to 89, wherein the discase tested for, or the discase
detected, 18 caused by a disease-causing agent selected from the group of disease-causing
organisms consisting of a virus, a bacterium, a mycoplasm, a fungus, a yeast, and other

THCTO-OT Zanisms.

01, The method of any of claims 74 to 90, wherein the discasc tested for, or the discase
detected, comprises 4 respiratory disease selected from upper respiratory discases and lower

respiratory diseases.

92, The method of any of claims 74 to 90, wherein the disease tested for, or the disease
detected, comprises a disease selected from influenza, a respiratory disease, a sexually

iransmiited discase, and other infectious diseases.

93. The method of any of claims 74 to 90, wherein the discase tested for, or the discase
detected, conprises an mfluenza selected from HINT (seasonaly, HiN1 (vovel), H3NZ,

H7NY, and HSNL

94, The method of any of claims 74 to 90, wherein the disease tested for, or the disease
detected, comprises a respiratory discase selected from a disease caused by adenovirus B,
adenovirus C, adenovirus E, Bordetella pertussis, myeobacteriom tuberculosis (MTB),
Staphvlococcus aurcus, Methicillin-Resistant Staphylococcus aurcus {(MRSA), Group A

streptococcus, and Group B streptococcus.

953, The method of any of claims 74 to 90, wherein the disease tested for, or the discase
detected, comprises a sexually transmitted disease selected from a disease caused by herpes
simplex virus (HSV), human immunodeficicney virus (HIV), sireptococcus B, and treponema

patlidum.
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86. The method of any of claims 74 to 90, wherein the method is performed at a point-of-
service (POS) location, wherein a POS location is selected from a vetail pharmacy, 4
supermarket, a clinic, a hospital, and a docior’s office.

97. A mcthod of detecting at least one nucleic acid discase marker in a clinical

sample, compriging:

a) introducing a sample into an automatic sample processing device contigured for
performing inununoassays and nucleic acid anplification assays, wherein saud automatic

sample processing device compriscs:

i} a sample handiing sysiem configured to transport at least a portion of 2

samaple;

it} a reagent for use in a nucleic acid amplification assay that does not require
thermal cycling; and
iii) & detector;

b} performing a nucleic acid amplification reaction for the detection of a nucleic acid
disease marker n said sample, or an aliquot thereof, wherein said performing comprises
contacting at least a portion of said sample, or aliguot thereof, with a3 nucleic acid
amplification reagent and amplifying said nucleic acid discase marker without thermal
cyching, wherein said mucleic acid disease marker comprises a template region, and wherein
satd nucleic acid amplification reagent comprises a mcleic acid polymerase, a first primer
and a second primer, said primers having termaplate-binding regions and having tai regions,
wherein said primer template-binding regions are complomentary to at least a portion of said
template region of the mucleic acid disease marker, and wherein said tail region of said first

primer is complementary to said tail region of said second primer;
¢) obtaining data measurements with the aid of said detection station; and
¢) detecting at least one nucleic acid discase marker.

98.  The method of claim 97, comprising detecting two or more nucleic acid
discase markers in said sample, or in one or more aliqoots thereof, wherein said detecting
comprises amplification of two or more nucleic acid discase markers without thermal cycling.

99, The method of claim 97, firrther comprising performing an immunoassay for

the detection of a further discase marker in said sampie, or in one or more aliguots thercof,

~t
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wherein said further disease marker is other than a nucleic acid disease marker.

1060, The method of claim 97, wherein said measurements are obtaimed over a
period of time, and wherein these measurements are mdicative of the progress of the nucleic

acid amplification reaction over said period of time.

101, The method of claim 97, wherein said mueleic acid amplification s performed

within a moveable assay unit.

102, The method of claim 99, wherein said imnnoassay is performed within a

moveable assay unit.

103, The method of claim 99, wherein both said mucleic acid assay and said

immunoeassay are performed within a moveable assay umnit.

104,  The method of claim 97, wherein said sample handling system is configured to

transport a moveable assay unit.

105, The method of claim 87, wherein said clinical sample is a small-volume

clinical sample having a volume of less than about 500 microliters.

106,  The method of claim 97, wherein the method is a point-of service (POS)

method performed at 2 POS location.

137, The method of claim 106, comprising pomt-of-service (POS) methods
performed at 8 POS location, wherein the detection of the disease marker is performed in less

than about 40 minutes.

108.  The method of claim 97, wherein the nucleic acid disease marker comprises a
nucleic acid marker sclected from the group consisting of an inflammatory marker for
nfectious discase, an intluenza marker, a marker for an upper respiratory disease, a marker

for a lower respiratory disease, and g marker for g sexually transmitted disease.
o 3 o

149, The method of claim 97, wherein the nucleic acid disgase marker comprises a
nucleie acid marker for a respiratory disease selected from the group consisting of adenovirus
B, adenovirus C, adenovirus B, Bordetella pertussis, mycobacteriam tuberculosis (MTR),
Staphylecoccus aureus, Methiciliin-Resistant Staphylococcus awreus (MRSA), Group A
streptococcus, Group B streptococcus, Moraxella catarrhalis, Enterobacter acrogenes,
Haemophilus parainfluenzae, Metapneumo Viras, Streptococens pneumonia, Parainfluenza
Virus 1, Parainfluenza Viras 2, Parainfloenza Virus 3, Coronavirus (0C43, Corgnavirus
NLE3, Coronavirus MERS, Coronavirgs HKUT, Corenavirus 229E, Klibsiella prneumonda

~t
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phoE, Klebsiclla pneumonia KPC, Bocavirus type 2,4, and Bocavires type 1,3.

118, The method of claim 97, wherein the nucleic acid discase marker corprises 2
nucleic acid marker for a disease caused by a discase-causing agent selected from adenovins
B, adenovirus C, adenovirus E, Bordetella pertussis, mycobacteriiom tuberculosis (MTB),
Staphylococcus aurcus, Methicillin-Resigtant Staphylococcus aureus (MRSA), Group A

streptococcus, and Group B streptococcus.

11f.  The method of claim 97, wherein the nucleic acid discase marker comprises an

mfluenza marker.

112, The method of claim 111, wherein the nucleic acid disease marker comprises
an influenza marker selected from a marker for HINT {seasonal) influenza, HINT {novel}
mfluenza, a marker for H3N2 influenza, a marker for H7N9 influenza, a marker for H3N1
mfluenza, and a nucleic acid sequence encoding an influenza matrix protein or portion

thereof.

113, The method of claim 97, wherein the nucleic acid disease marker comprises a

marker for a sexually transmitted diseasc.

114, The method of claim 97, wherein the nucleic acid discase marker conprises 2
marker for a sexually transmitied disease, wherein the disease is caused by an agent selected
from the group consisting of humen mmuonodeficiency viras (HIV), HIV-2 Group A, HIV-2,
Group B, HIV-1 Group M, Hepatitis B, Hepatitis Delta, heorpes simaplex viras (HSV),

streptococcus B, and treponema pallidum.

115, The method of claim 97, wherein the nucleic acid disgase marker comprises a
marker for a diseasc-causing agent selected from the group of diseasc-causing agents
consisting of a virus, a bacterium, a mycoplasm, a fungus, and a yeast.

116, The method of claim 99, comprising detecting two or more markers for
disease-causing agents, wherein said markers are indicative of two or more disease-causing
agents sclected from a virus, a bacterium, a mycoplasm, a fungus, and a yeast.

117, The method of claim 97, wherein the nucleic acid discase marker comprises a
wiberculosis {Mycobacterium tuberculosis) marker.

118, The method of claim 97, wherein the nucleic acid disease marker comprises a
marker for a Staphyloceccus bacterium,

119, The method of claim 97, wherein the nucleic acid discase marker compriscs a

e
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2 marker for a Staphylocoecus bacteriam selected from a Staphylococcus avreus and
3 Mothycitlin-resistant Staphylococcus avreus.

1 120, The method of claim 97, wherein the nucleic acid disease marker comprises a
2 marker for a Streptococcus bacteriom.

i 121, The method of claim 97, wherein the nucleic acid disease marker comprises a
2 marker for a Corona virus.

1 122, The method of claim 99, comprising detecting two or more markers for

2 Corona viruses.

: 123.  The method of claim 97, wherein the nucleic acid discase marker comprises a

2 nucleic acid discase marker for a discasc-causing agent selected from the group consisting of
3 West Nile Viras, Epstein-Barr Virus, plasmodium, Trypanosoma cnuzi, and a Dengue Vires.

1 124, The method of claim 99, comprising detecting two or more markers for

2 disease-causing agents selected from the group consisting of West Nile Virus, Epstein-Barr

3 Vires, plasmodiom, Trypanosoma cruzi, and a Dengue Virus.

i 125, The method of claim 97, wherein the nucleic acid discase marker comprises a
2 nucleic acid disease marker for a disease-causing agent selected from the group consisting of
3 Influenza A Matrix protein, Influenza HIN2 | Influenza HINI seasonal, Tnfluenza HINI

4 npovel, Influenza B, Streptococcus pyogenes {A), Mycobacterium Tuberculosis,

5 Staphylococcus aureus (MR), Staphylococeus avreus (RS), Bordetella pertassis (whooping

&  c¢ough), Streptococcus agalactiae (B), Influenyza HSNI, Influenza H7NY, Adenovirus B,

7 Adenovirus C, Adenovirus B, Hepatitis b, Hepatitis ¢, Hepatitis delta, Treponema pallidum,
8  HSV-I, HSV-2, HIV-1, HIV-2, Dengue 1, Dengue 2, Dengue 3, Dengue 4, Malaria, West
9 Nile Virus, Trypanosoma cruzi (Chagas), Klebsiella pneumoniae (Euterobacteriaceae spp),

16 Klebsiclla preumoniae carbapenemase (KPC), Epstein Barr Vires {mono), Rhinovirus,

11 Parainfluenza virgs (1), Parainfluenza viras (2), Parainfluenza virus (3), Parainfivenza virus
12 (4a), Parainthienza virus (4b), Respiratory syncytial virus (RSV) A, Respiratory syncytial

13 virus (RSV) B, Coronavirus 229E, Corenaviras HKU1, Coronavirgs OC43, Coronavirgs

14 NL63, Novel Coronavirus, Bocavirus, human metapneumovirus (HMPV), Streptococcus

15 pneumoniae (penic R), Streptococcus pneumoniac (S), Mycoplasma pocumoniae, Chlamydia
16 pneumomae, Bordetella parpertussis, Hacmophilus influenzae (ampic R}, Haemophihus

17 ifleenzae {ampic 3), Moraxella catarrhabis, Pseodomonas spp (acruginosa}, Haemophilos

18 parainfluenrae, Enterobacter cloacae (Entercbacteriaceas spp), Enterchacter agrogones
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18 {Enterobacteriaceac spp), Serratia marcescens {Enterchacteriaceae spp), Acinetobacter
20 baumanii, Legionelia spp, Escherichia coli, Candida, Chlamydia trachomatis, Human

21 Papilloma Virus, Neisseria gonorrhoeace, plasmodium, and Trichomonas {(vagin).

i 126.  The method of claim 99, comprising detecting two or more markers for
2 discase-causing agents, wherein the two or more disease markers are selected from the group
3 of markers for discase-causing agents consisting of Influenza A Matrix protein, Influenza

4 H3N2, Infloenza HINI seasonal, Influenza HINT novel, Infloenza B, Streptococcus

5 pyogenes {A), Mycobacterium Tuberculosis, Staphylococcus aureus (MR), Staphyvlococcus

&  aurcus (RS), Bordetella pertussis (whooping cough), Streptococcus agalactiac (B), Tntluenza
7 HSNI, Influenza HINY, Adenovirus B, Adenovivus C, Adenovirus E, Hepatitis b, Hepantis
& ¢, Hepatitis dehta, Treponema pallidum, HSV-1, HSV-2, HIV-1, HIV-2, Dengue 1, Dengue
5 2, Dengue 3, Dengue 4, Malaria, West Nile Viras, Trypanosoma crozi (Chagas), Klebsiella

10 pneumoniac (Erderobacteriaceae spp), KlebsicHa pueumoniae carbapencmase (KPC), HEpstein

11 Barr Virgs {mono), Rhinovirus, Paraintluenza virus (1), Parainfluenza virus (2},

12 Parainfluenza viros (3}, Parainflucnza virus {(4a), Parainfluenza virus {(4b), Respiratory

13 syncytial virus (RSV) A, Respiratory syncytial vivus (RSV) B, Coronavirus 229E,

14 Coronavirus HRKUTL, Coronavirus OC43, Coreonavirus NL63, Novel Coronavirus, Bocavirus,

15 human metapneumovirus (HMPV), Streptococcus preumoniae (penic R), Streptococcus

16  prneumoniac (S}, Mycoplasma pneomoniac, Chlamydia pucumoniae, Bordetella parpertussis,

17 Hacmophilus influcnzae (ampic R), Hacmophilus influcnzac (ampic 8), Moraxella

18 catarrhabis, Pseudomonas spp (aeruginosa), Haemophilus parainflucnzae, Enterobacter

18 cloacae (Enterobacteriaceae spp), Enterobacter aerogencs {Enterobacteriaceac spp), Serratia

20 marcescens {Enterobacteriaceac spp), Acinctebacter baumant, Legionella spp, Hscherichia

21 coli, Candida, Chlamydia trachomatis, Human Papilioma Virus, Neisseria gonorrhoeae,

22 plasmodium, and Trichomonas (vagin).

i 127. A method of detecting = discase marker, comprising:
2 a) introducing a cartridge into an automatic sample processing device, said
3 cartridge comprising a sample and a swab, wherein said automatic samplc processing device

4 Ccomprises:

5 i} a sample handiing systern contigured to transport said sample and

6  foruse with one or more independently movable assay units; and

7 11} an optical detector;

Page 139



(£}

10

11
12

13

14

[08]

WO 2015/035260 PCT/US2014/054424

b) transferring said sample, or an aliquot thereof, to an assay unit for the
performance of an assay for the detection of a disease marker, said transferring being

performed with the aid of said sampic handling system;

¢} transferring said assay unit to a position suitable for detection of an optical

signal from the assay unit by said optical detector;
d) performing an assay for the detection of a discase marker; and

¢) detecting the presence of a discase marker,

128, The method of claim 127, comprising performing two or more assays for the
detection of discase markers, and detecting two or more disease markers in said sample, or in

one ot more aliguots thercof.

129, The method of claim 127, wherein said samplc has a volume of less than about

500 microliters.
133, The method of claim 127, wherein said sample was obtained using said swab.

131, The methed of claim 130, wherein said sample comprises a sample obtained

from the throat or mouth of a subject.

132, The method of claim 130, wherein said sample comprises a sample obtained

from a nasal passage of a subject.
133, The method of claim 127, wherein said sample comprises a bleod sample.

134, The method of claim 128, comprising detecting the presence of a nucleic acid

discasc marker and a protein disgase marker.

135, The method of claim 127, comprising a first sample and a second sample,
wherein said first sample comprises a sample obtained using said swab, and said second

sample comprises a blood sample.

136, The method of claim 135, comprising performing two or more assays, and
detecting the presence of a nucleie acid disease marker and a protein dissase marker.

7
I

137.  The method of claim 127, wherein detecting the presence of a discase marker
comprises detecting a disease marker selected from a nucleic acid discase marker, a protein
discase marker, a saccharide, a prostaglandin, a cytoking, histaming, a steroid, and a marker

for mflammation.
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138.  The method of claim 127, wherein the discase marker is a marker for
mflammation selected from prostaglandios, tumor necrosis facior alpha (TNF-a), mterleukin-
1 {(JL.-1), interleukin-8 (IL-8), interfeukin-12 (1L-12), interferon gamoa (1F-y), bradykiniy,
complement system molecules, blood-clotting factors, C-reactive protein, erythrocyte

sedimentation rate {ESR), white blogd cell count, and morphological changes in blood and

139, The method of claim 127, wherein the discase marker is a marker for a
discasc-causing agent selected from the group of disease-causing organisms consisting of a

virus, a bacterium, a mycoplasm, a fungus, a yeast, and other micro-organisms.

144, The method of claim 127, wherein the disease marker is a marker for a
discase-causing agent selected from the group consisting of Influcnza A Matrix protein,
Influenza H3N2, Influenza HIN1T scasonal, Influenza HINT novel, Influcnza B,
Streptococeus pyogenes (A}, Mycobacterium Tuberculosis, Staphylococcus aureus {(MR),
Staphylococcus avreus (RS}, Bordetelia pertussis {(whooping cough), Strepiccoccus
agatactiac (B), Influenza HAN 1, Influenza H7N9, Adenovirus B, Adenoviras C, Adenovirus
E, Hepattis b, Hepatitis ¢, Hepatitis delta, Treponema pallidum, HSV-1, HSV-2, HIV-1,
HIV-Z, Dengue 1, Dengue 2, Dengue 3, Dengue 4, Malaria, West Nile Virus, Trypanosoma
crozi {Chagas), Klebsiella pnoumoniac (Enterobacteriaceac spp), Kicbsiella pucumoniae
carbapencmase (KPC), Epstein Barr Virus (mono), Rhinovirus, Parainfluenza virus (1),
Parainfluenza virus (2}, Paratnfluenza virus (3, Parainfhuenza virus (4a), Parainfluenza virus
{4b), Respiratory syncytial virus (RSV) A, Respiratory syncytial virus (RSV) B, Coronaviras
229K, Coronavirus HKU1, Coronavirus OC43, Coronavirus NL63, Novel Coronavirus,
Bocavirus, human metapneumovirus (HMPV), Streptococcus pneumoniae (penic R),
Streptococcus pneumoniae (S), Mycoplasma previmoniae, Chlamydia pneumoniae,
Bordetclla parpertussis, Haemophilus influenzac {ampic R), Hacmophilus influenzae (anpic
Sy, Moraxella catarrhalis, Pseudomonas spp {(acruginosa), Haemophilus parsinflucnzae,
Enterobacter cloacae {Enterobacteniaceae spp), Enterobacter acrogenes (Enterobacteriaceae
spp}, Serratia marcescens (Enterobacteriaceae spp), Acinetobacter baumanti, Legionella spp,
Escherichia coli, Candida, Chlamydia trachomatis, Human Papilloma Virus, Neisseria

gonorrhoeae, plasmodium, and Trichomonas {vagin).

14i. The method of claim 128, comprising detecting two or more discase markers,
wherein one of said discase markers is a marker for inflammation, and one of said disease

markers a marker for a disease-causing agent.
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142, The method of claim 141, wherein said disease marker for inflammation is
selected from prostaglandins, tumor necrosis factor aipha (TNF-g), interfeukin-1 (IL-13,
interloukin-8 (1L-8), interleukin-12 (1L.-12), interforon ganmma (1F-y), bradykinin,
complement system molecules, blood-clotting factors, C-reactive protein, erythrocyie
sedimentation rate {ESR), white blogd cell count, and morphological changes in blood and
other cells, and said disease marker for a discase-causing agent is selected from the group of
disease-causing organisms consisting of a virus, a bacterium, a raycoplasm, & fungus, a yeast,
and other micrg-organisms.

7
7

, wherein the disease marker 15 a marker for a disease

143,  The method of claim 12
selected from influenza, a respiratory discase, a sexunally transmitted discase, and another
nfectious disease,

144, The method of claim 127, wherein the discase marker is a marker for an

influenza seiected from HINI (seasonal), HINT (novel}, HANZ, H7N9, and HSNTL.

7
7

, wherein the disease marker 1s a marker fora

145. The method of claim 12

respivatory disease selected from an upper respiratory disease and a lower respiratory disease,

146,  The method of claim 127, wherein the disease marker is a respiratory disease
marker for a disease-causing organism selected from the group consisting of adenovirus B,
adenovirus C, adenovirus E, Bordetella pertussis, mycobacterium tuberculosis (MTB),
Staphylococcus avreus, Methiciliin-Resistant Staphylococcus aureuas (MRSA), Group A
streptococcus, Group B streptococcus, Moraxella catarrhalis, Enterobacter acrogenes,
Haemophilus parainfluenzae, Metapneumo Viras, Streptococens pneumonia, Parainfluenza
Virus 1, Parainfluenza Viras 2, Parainfloenza Virus 3, Coronavirus (0C43, Corgnaviras
NLE3, Coronavirus MERS, Coronavirgs HKUT, Corenavirus 229E, Klibsiella prneumonda

phol, Kichsiclla pueuraonia KPC, Bocavirus type 2,4, and Bocavirus type 1,3,

147, The method of claim 128, comprising detecting two or more disease markers
ndicative of respiratory discases, wherein said discase markers are markers for discase-
causing orgamisms selected from two or more of the group consisting of adenovirus B,
adenovirus C, adengvirus E, Bordetella pertussis, mycobacterium tuberculosis (MTB),
Staphylococcus aurcus, Methicillin-Resigtant Staphylococcus aureus (MRSA), Group A
streptococcus, Greup B streptococcus, Moraxella catarthalis, Enterobacter acrogenes,
Haemophilus parainfluenzae, Metapneumo Vinus, Streptococcus pneumonia, Parainfluenza

Virus 1, Parainfluenza Virus 2, Parainfluenza Viras 3, Coronavirus OC43, Coronavirus
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NL6&3, Coronavirys MERS, Coronavirus HKUL, Corgnavirgs 229E, Klibsiella proumonia
phoE, Klebsiclia pnevmonia KPC, Bocavivus type 2,4, and Bocavirus type 1,3,

7
7

148,  The method of claim 127, wherein the disease marker s a marker for a
sexually transmitted disease selected from a disease caused by herpes simplex virus (HSV),
humean mmunedeficiency viras (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M,
Hepatitis B, Hepatitis Delta, herpes simplex virus (HSVY), streptococcus B, and treponcma

pallidum.

149,  The method of claim 128, comprising detecting two or more discase markers
ndicative of sexually transmitted discases caused by herpes simplex virus (HSV), buman
mmunodeficiency viras (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis

B, Hepatitis Delta, herpes simplex virus (HSV), streptococcus B, and treponema pallidum.

150.  The method of claim 127, wherein the discase marker is a marker for an
infectious discase-causing agent selected from the group consisting of West Nile Virus,

Epstein-Barr Virus, plasmodium, Trypanosoma cruzi, and a Dengue Virus.

151,  The method of claim 127, wherein the method is a point-of service method

performed at a point-of-service location.

152, The methed of claim 127, whercin the method may be performed in less than

about 40 minutes.

153,  The method of claim 135, wherein the method may be performed in less than

about 40 mimutes.

154, The method of claim 128, comprising performing a plurality of assays on a

single small-volume sample, or on aliguots thereof, in less than about 40 minutes.

155, The method of claim 127, wherein detecting the presence of a discase marker

comprises amplification of a nucleic acid disecase marker without thermal cycling.

156.  The method of claim 135, wherein detecting the presence of a disease marker
comprises amplification of a nucleic acid discasc marker without thermal cycling in said first

saraple, or in said second sample, or in both said first and said second sample.

157, A method of detecting the presence of at least one disease marker in a sample,
or an aliquot thereof, comprising:
a} introducing a sample inte an automatic sample processing device, wherein

said automatic sample processing device is configured to perform nucleic acid assays,

~
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impnoassays, general chemistry assays, and cytometric assays, wherein said automatic
sample processing device comprises:

i} a sanmple handling system;

i1} at least one detector; and

iii) a cytometry station comprising an imaging device and a stage for
receiving a microscopy cuvetite;

b} transferring a portion of the sarple to each of a plurality of assay units with
the 3id of the sample handling system;

¢} performing an assay for the detection of at least one discase markers in the
sanmple, or an aliquot thereof]

d) detecting a signal from at lcast one assay selected from a nucleic acid assay,
an immunoeassay, and a general chemistry assay, said assay being performed on the sample,
or on an aliquot thercof;

¢) obtaining an image of the sample, or an aliquot thereof, with said
cytometric station; and

) detecting the presence of at least one discase marker in the sample, or in an

aliquot thereof.

158, The method of claim 157, comprising detecting the presence of at least two

disease markers in the sample, or in an aliquot or aliquots thereof.

159, The method of claim 1587, comprising detecting the presence of at least three

discase markers in the sample, or in an aliquot or aliguots thereof.

160.  The method of claim 157, comprising detecting the presence of at least two
discasc markers in the sample, or in an aliquot or aliquots thereef, wherein said detecting
comprises detecting at least one disease marker using the cytometry station, and detecting at

ieast one disease marker using a detector,

161, The method of claim 157, comprising detecting the presence of at least three
discase markers in the sample, or an aliquot or aliquots thereof, wherein said detecting
comprises detecting at least one disease marker using a cylometry station, and detecting at

least two discase markers using & detector,

162.  The method of claim 157, comprising detecting the presence of a nucleic acid
discase marker, a protein discase marker, and a cell morphology disease marker in the

sample, or in an aliquot or aliquots thereof.
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163, The method of claim 157, wherein detecting the presence of a disease marker
comprises detecting a discase marker selected from a nucleic acid disease marker, a protein
discasc marker, a saccharide, a prostaglandin, a cytokine, histamine, a steroid, and a marker

for inflanmmation.

164. The methed of claim 157, wherein the disease marker is a marker for
mflammation selected from a prostaglandin, tomor necrosis factor alpha (TNF-a),
mterieukin-1 (IL-1), interleukin-8 (IL-8), interlenkin- 12 (I1-12), interferon gamma (IF-y),
bradykinin, a complement system mwolecule, a blood-clotting factor, C-reactive protein,
erythrocyte sedimentation rate {ESR), white blood cell count, and a morphological change in

a blood or other cell.

165,  The methed of claim 157, wherein the disease marker is a marker for

mflammation selected from a lymphokine, a chemokioe, an interleukin, and an interferon.

166.  The method of claim 157, wherein the discase marker is a marker for a
discasc-causing agent sclected from the group of discase-causing organisms consisting of a

virus, a bacterium, a mycoplasm, a fumgus, a veast, and other micro-organisms.

167. The method of claim 157, comprising detecting two or more discase markers,
wherein one of said discase markers is a marker for inflammation, and one of said disease

markers a marker for a disease-causing agent.

168, The method of claim 167, wherein said discase marker for inflammation is
selected from a prostaglandin, tumor neerosis factor alpha (TNF-g), an interleukdn, an
mterferon, bradykinin, a lvmphokine, a chemokine, a complement system molecule, a blogd-
clotting factor, C-reactive protein, erythrocyte sedimentation rate (ESR), white blood cell
count, and a morphological change fo a bleod or other cell; and said discase marker fora
discase-causing agent is selected from the group of disease-causing organisms consisting of a

virus, a bacterium, a mycoplasm, a fungus, a yeast, and other micro-organisms.

169, The method of ¢laim 157, wherein the disease marker 18 a marker for a discase
selected from imfluenza, a respiratory discase, a sexupally transmitted discase, and another

infectious disease.

170.  The method of claim 157, wherein the discase marker is a marker for an

influenza seiected from HINI (seasonal), HINT (novel}, HANZ, H7N9, and HSNTL.

171, The method of claim 157, wherein the disease marker s a marker for a
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respiratory disease selected from an upper respiratory disease and a lower respiratory discase.

172, The method of claim 157, wherein the disease marker s a marker for a
respiratory disease selocted from the group consisting of adenovirus B, adenovirus C,
adenovirus E, Bordetelia pertussis, mycobacterium taberculosis (MTB), Staphylococcus
aurcus, Methiciilin-Resistant Staphylococcus aureus (MRS A), Group A streptococcus, Group
B streptococcus, Moraxella catarrhalis, Enterobacter acrogenes, Hacmophilus parainfluenzae,
Metapncumo Virus, Streptococcus pneumonia, Parainflocnza Vivus 1, Parainfluenza Virus 2,
Parainflucnza Virus 3, Coronavirgs OC43, Coronavirus NL63, Coronavirus MERS,
Corenavirus HK UL, Coronavirus 2298, KlibsicHa poeumonia phoE, Klebsiella pneumonia

KPC, Bocavirus type 2,4, and Bocaviras type 1,3

173.  The method of claim 188, comprising detecting two or more discase markers
mdicative of respitatory discases, wherein said discase markers are selected from two or more
of the group consisting of adenovirus B, adenovirus C, adenovirus E, Bordetella pertussis,
mycobacterium tiberculosis (MTRB), Staphyiccoccus aureus, Methicillin-Resistant
Staphylococcus aureus {MRSA), Group A streptococceus, Group B streptococcus, Moraxella
catarrhais, Enterobacter acrogenes, Haemophilus parainthienzae, Metapneumo Virus,
Streptococcus pneumonia, Parainfluenza Virus |, Parainfloenza Virus 2, Parsinfluenza Viras
3, Coronavirus OC43, Coronavirus NL63, Coronavirus MERS, Coronavirus HKUT,
Coronavirus 229E, Klibsiclla pneumonia phoE, Klebsiella pneumonia KPC, Bocavirus type

2,4, and Bocavirus type 1,3,

164,  The method of claim 157, wherein the disease marker s a marker for a
sexually transmitted disease selected from a disease caused by herpes simplex virus (HSV),
humean mmunedeficiency viras (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M,
Hepatitis B, Hepatitis Delta, herpes simplex virus (HSVY), streptococcus B, and treponcma

patlidum.

165, The method of claim 158, comprising detecting two or more disease markers
indicative of sexually transmitted diseases causcd by herpes simaplex virus (HSV), buman
mmunodeficiency viras (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis

B, Hepatitis Delta, herpes simplex virus (HSV), streptococcus B, and treponema pallidum.

166, The methed of claim 157, wherein the discase marker is a marker for a
discase-causing agent selected from nfluenza A Matrix protein, Influenza H3N2, Influenza

HINI scasonal, Influenza HINT novel,  Inflaenza B, Streptococcus pyogenes (A),
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4 Mycobacteriom Tuberculosis, Staphylococeus aureus (MR, Staphylococeus aureus (RS),
5 Bordetella pertussis (whooping cough), Streptococcus agalactiac (B), Infloenza H5NT,
&  Influenza H7NG, Adenovirus B, Adenovirus C, Adenovirus E, Hepatitis b, Hepatitis ¢,
7 Hepatitis delta, Treponema paliidum, HSV-1, HSV-2, HIV-1, HIV-2, Dengue i, Dengue 2,
&  Denguoe 3, Dengue 4, Malaria, West Nile Viras, Trypanosoma cruzi (Chagas), Klcbsiella
5  pneumouniac {Enterobacteriaceac spp), Kicbsiclla pneumoniae carbapencmase (KPC), Epsicin
13 Barr Vitas (mono), Rhinovirus, Parainfluenza virus (1), Parainfluenza virus (2),
11 Parainfluenza viras (3), Parainfluenza vivus (4a), Parainfloenza virus (4b), Respiratory
12 syncytial virus (RSV) A, Respiratory syncytial virus (RSV) B, Coronavirus 229E,
13 Coronavirus HKL1, Coronavirus OC43, Coronavirus NL63, Novel Coronavirus, Bocavirus,
14 human metapneumovirus (HMPV), Streptococcus pneumoniae (penic R), Streptococcus
15 pneumoniac (5), Mycoplasma pneamoniae, Chlamydia pueumoniae, Bordetella parpertussis,
16  Hacmophbilos influenzae (ampic R}, Hacmophilus influenzace (ampic S), Moraxclla
17 catarrhalis, Pscudomonas spp {(acruginosa), Hacmophilus parainfluenzae, Enterobacter
18 cloacae (Enterobacteriacese spp), Enterobacter acrogencs {Enterobacteriaceac spp), Serratia
18 marcescens {Enterobacteriaceae spp), Acinetobacter baumanii, Legionella spp, Escherichia
20 coli, Candida, Chlamydia trachomatis, Human Papilioma Virus, Neisseria gonorrhocae,
21 plasmodivm, and Trichomonas (vaging.
: 177.  The method of claim 157, wherein the method is a point-of service (POS)
2 method performed at 2 POS location.
1 178.  The method of claim 158, comprising performing a plurality of assays on g
2 single sample, or on an aliqguot or aliquots thercof, wherein said assays arc performed in less
3 than about 40 nyinutes.
1 179. The methed of claim 157, wherein the discase marker is a tuberculosis
2 (Mycobacterium tuberculosis) marker.
i 180. The method of claim 57, wherein the discase marker is a marker for a
2 Staphylococcus bacterium.
1 181,  The method of claim 180, wherein the disease marker is a marker for a
2 Staphylococcus bactertum selected from s Staphyiococcus aurcus and Methycillin-resistant
3 Staphylococcus aurcus,
i 182.  The method of claim 157, wherein the discase marker is a marker for a

2 Sireptococcus bacterium.
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183.  The method of claim 157, wherein the discase marker is a marker for a Corona
virus.

184,  The method of ¢laim 183, wherein the disease marker 18 a marker for a Corona
virus selected from Coronaviras 229E, Coronavirus HKU L, Coronavirus MERS, Coronavirus

NL63, and Coronavirus OC43.

185.  The method of claim 157, wherein the discase marker is selected from the
group of discase markers for discase-causing organisms consisting of West Nile Virus,

Epstein-Barr Virus, plasmodium, Trypanosona cruzi, and a Dengue Virus.
5 5 J 9 4%7

186.  The method of claim 157, comprising detecting the presence of two disease
markers elected from a nucleic acid discase marker, a protein disgase marker, a saccharide, a

prostaglandin, a cytokine, histamine, a steroid, and a marker for inflammation.

187. A method for determining the stage of an infection in a subject suffering from

an infection, comprising:

Testing at least one sample, or an aliquot or aliquots thereof, obtained from
said subject 1) for the presence of a nucleic acid indicative of the infection, and 2) for the

sresence of an antibody indicanive of the mfection, and
¥ 5

Determining whether the relative amounts of the resudts of the nucleic acid test
and the antibody test indicate that the infection is a recent tnfection, or not, wherein a) a
greater relative amount of the results of the nucleic acid test as compared to the relative
amount of the antibody test indicate that the infection is a recent infection, and by a
significant amoumt of antibody to the infectious agent in the antibody test indicate the

mfection is not a recent infection.

188,  The method of claim 187, wherein the at least one sampile is selected from a
throat swab sample, a check swab sample, nasal swab sample, 2 saliva sample, and a blood
sample.

189, The method of claim 187, wherein a sample is divided into at least two
portions.

160,  The method of claim 187, wherein a significant amount of antibody to the
infectious agent is detecied, and further wherein nucleic acid markers indicative of the
nfectious agent are relatively sparse, wherein the infection is 1n a late stage.

191,  The method of claim 190, wherein the infection is waning.

Page 14%



WO 2015/035260 PCT/US2014/054424

192, The method of claim 187, comprising testing said sample for a marker for

mflammation.

193, The method of ¢laim 192, wherein the marker for mflammation is selected
from a prostaglandin, tumor necrosis factor alpha (TNF-g), interleukin-1 (JL-1), interleukin-8
(iL-8}, interleokin-12 (IL-12), interferon gamma (iF-v), bradykinin, a comploment system
molecule, a bloed-clotting factor, C-reactive protein, erythrocyie sedimentation rate (ESR),

white blood cell count, and a morphological change in a blood or other cell.

194, The method of claim 192, wherein the marker for inflarnmation is & cytokine

selected from a lymphokine, a chemokine, an interlenkin, and an interferon.

195.  The method of claim 187, whercin said testing comprises testing to determine
whether the subject suffors from a bacterial infection, a viral infoction, a yeast infection, a

mycoplasma infection, a fungal infection, other infection, or combination thereof.

196, The method of claim 187, wherein said testing comprises analysis to

determine whether the subject suffers from a bacterial infection or a viral infection.

197. The method of claim 187, wherein providing a prescription for said suitable
treatment comprises prescription of an antibiotic when the testing determaines that the subject

suffers from a bacterial infection.

198.  The method of claim 187, wherein providing a prescription for said suitabie
treatment comprises the preseription of an anti-mycoplasmal drug when the testing

determines that the subjoct suffers from a mycoplasmal infection.

199, The method of claim 187, wherein providing a prescription for said suitable
treatment comprises the preseription of an anti-viral drug when the testing determines that the
subject suffers from a viral infection.

2080, The method of claim 187, wherein providing a preseription for said suitable
treatment compriscs avoiding the prescription of an antibiotic, when the testing determines

that the subject suffers from a viral infection.

201, The method of claim 187, wherein providing a prescription for said suitable
treatment comprises avoiding the prescription of an antibiotic, and providing the prescription
of an anti-viral drog, when the testing defermines that the subject suffers from a viral
mnfection.

202, The method of claim 187, whercin providing a prescription for said suitable
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treatment comprises the prescription of an anti-fungal drog when the testing determines that

the subject suffers from a fungal infection.

203, The method of claim 187, wherein providing a preseription for said suitable
treatment compriscs the prescription of an anti-yeast drug when the testing determines that

the subject suffers from a yeast infection.

204.  The method of claim 187, wherein the discase detected is caused by a discase-
causing agent selecied from the group of discasc-causing organisms consisting of a virus, a
bacterivm, a mycoplasm, a fungus, a yeast, and other micro-organisms, and further
comprising providing a prescription for the suitable treatment of said virus, bacterium,

mycoplasm, fimgus, yeast, or other micro-organism.

205, The method of claim 187, wherein the method is a point-of service method

performed at a point-of-service location.

206, The method of claim 205, wherein the methods are for performing a plurality
of assays on a single small-vehime chinical sample, or on aliquots thereof, and may be

performed in less than about 40 minutes.

207, The method of claim 187, wherein the infection is caused by a discase selected
from mfluenza, a respiratory disease, a sexually transmitted disease, and another nfectious

disease.

208, The method of claim 207, wherem the infection comprises influenza, wherein

said influenza is selected from HINT (seasonal), HINT {novel), H3N2Z, H7N9, and H5N1,

209, The method of claim 207, wherein the infection comprises a respiratory

disease selected from an apper respiratory disease and a lower respiratory discase.

210.  The method of claim 209, wherein the respiratory discase is sclected from the
group consisting of adenoviras B, adenovirus C, adenovirus B, Bordetelia pertussis,
mycobacterium tuberculosis (MTB), Staphylococcus aureus, Methicillin-Resistant
Staphylococcus aurcus {(MRSA), Group A streptococcus, Group B streptococcus, Moraxella
catarrhalis, Enterchacter acrogences, Hacmophilus paraintlucnzae, Mcetapneume Virus,
Streptococeus pneumonia, Parainfluenza Virus 1, Parainfhienza Virus 2, Paramfluenza Virus
3, Coronavirus (0C43, Coronaviras NL63, Coronavires MERS, Coronaviras HKUT,
Coronavirus 229E, Klibsiella pnoumonia phoE, Klebsiclla pneumonia KPC, Bocavirus type

2.4, and Bocavirus type 1,3,
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i 211, The method of elaim 207, wherein the infection comprises a sexually
2 wransioiited disease selected from g discase caused by herpes simplex virus (HSV), human
3 mmnunedeficioncy vitas (HIV), HIV-2 Group A, HIV-Z Group B, HIV-1 Group M, Hepatitis

4 B, Hepatitis Delta, herpes simplex virus (HSV), streptococcus B, and treponema pallidum.

] 212,  The method of claim 187, wherein the infection comprises a disease caused by
2 aninfectious disease-causing agent selected from the group consisting of Influenza A Matrix
3 protein, Influcnza H3N2, Influenza HINI scasonal, Influenya HINI novel, Infloenza B,

4 Streptococcus pyogenes (A}, Mycobacterium Tuberculosis, Staphylococcus aureus (MR,

5 Staphylococcus aureus (RR), Bordetella pertussis (whooping cough), Streptococcus

agalactiae {B3), Influenza HANI, Influenza H7N9, Adenovirus B, Adenovirus C, Adenovirus

[#>}

7 E, Hepatitis b, Hepatitis ¢, Hepatitis delta, Treponema pallidum, HSV-1, HSV-2, HIV-1,

041

HIV-Z, Dengue 1, Dengue 2, Dengue 3, Dengue 4, Malaria, West Nile Virus, Trypanosoma
9 cruzi {Chagas), Klcbsiella pneumoniace (Enterobacteriaceac spp), Klebsiclia pueumoniae

10 carbapenemase (KPC), Epstein Barr Virus {mono), Rhinovirus, Parainfluenza virus (1),

11 Parainfluenza virus (2}, Parainfluenza virus (3}, Parainfluenza virus {4a}, Parainfluenza virus

12 (4b), Respiratory syncytial virus {(RSV) A, Respiratory syneytial virus (RSV) B, Coronavirus

B3
A

13 229E, Coreonavirus HKU1, Coronavirgs OC43, Corenavirus NL63, Novel Coronavirus,

14 Bocavirus, human metapneumovirus {(HMPV), Streptococcus presmontiae (penic R},

15 Streptococcus pocumoniae (S), Mycoplasma pneumoniag, Chlamydia pneumoniae,

16 Bordetella parpertussis, Haemophilus influenzae (amipic R), Hacmophilus influenzac (ampic
17 8), Moraxella catarrhalis, Psecudomonas spp (aeruginosa), Haemophilus parainfluenzae,

18 Enterobacter cloacae (Enterobacteriaceae spp), Entercbacter acrogenes (Enterobacteriaceas
18 spp), Serratia marcescens (Enterobacteriaceae spp), Acinetobacter baumant, Legionclia spp,
20 FEscherichia coli, Candida, Chlamydia trachomats, Human Papilloma Virus, Neisseria

2t gonorrhoeae, plasmodiom, and Trichomonas {vagin}.

i 213, The methed of claim 197, wherein the bacterial infection comprises an
mfection caused by bacteria selected from the group consisting of Bordetella pertussis,
mycobacteriom tuberculosis (MTB), Staphylococens avreus, Methicillin-Resistant

Staphylococcus aureus (MRSA)L, Group A stroptococcus, Group B streptococcus, Moraxella

[ B - S S

catarrhalis, Entercbacter aerogenes, Haemophilus parainfluenzae, Streptococcus pneumonia,

&  Klibsiella pncumonia phoE, Klebsiclla pneumonia KPC, and treponema pallidum.
i 214, The method of claim 199, wherein the viral infection comprises an infection

2 caused by a virus selected from the group consisting of an influenza viras, herpes simplex
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virgs (HSV), human immunodeficiency virus (HIV), HIV-2 Group A, HIV-2 Group B, HIV-
1 Group M, Hepatitis B, Hepatitis Delta, herpes simplex virus (HSV), West Nile Virus,
Epstcin-Barr Virus, a Deogue Virus, adenovitus B, adenovirus C, adenovirus E, Metapueumo
Virus, Parainfluenza Virus 1, Parainfluenza Vires 2, Parainfiuensza Virus 3, Coronaviros
OC43, Coronaviras NL63, Coronavirus MERS, Corenavirus HKU1, Coronavirus 229E,

Bocavirus type 2,4, and Bocavirus type 1,3

215.  The method of claim 214, wherein the viral infection comprises influenza,
wherein said influenza is selected from HINI (seasonal), HINT (novel), H3N2, H7NS, and

HANL

216, The method of claim 214, wherein the viral infection comprises a Dengue
virgs, wherein said Dengue virus is selected from Dengue virus type 1, Dengue virus type 2,

2

Dengue virus type 3, and Dengue virus type 4.

217, A method of detecting a discase marker, comprising:

a} introducing a cartridge comprising one or more samples into an automatic
sample processing device, said cartridge being configured fo hold at least one sample and
being configured to hold a swab, wherein said automatic sample processing device
COMPIises:

i} a sample handling system configured to transport at least a portion of
a sample and being configured to transport an independently movable assay unit; and
11} an optical detector;

b) contacting a sample, or a portion thereof, with a movable assay unit, ora
reagent, or both, for the performance of an assay for the detection of a discase marker, said
contacting comprising transporting, with the aid of said sample handling system, at least a
portion of said sample, or a movable assay unit, or a reagent, or combinations thereof;

¢) posttioning said sample, or portion thereof, at a location suitable for
detection of an optical signal from the sample or portion thereof by said optical detector; and

d) detecting the presence of a disease marker.

218.  The method of ¢laim 217, comprising performing two or more assays for the
detection of discase markers, and detecting two or more disease markers in said one or more
samples, or in one or more portions thereot.

219, The method of claim 217, whercin said one or more samples comprises a
blood sample.

220.  The methoed of claim 217, wherein said one or more samples comprises 4
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sample obtained using said swab.

221, The method of claim 220, wherein said sample obtained using said swab was
obtained by swabbing a mouth, a throat, a nasal passage, a vaginal area, or other body cavity
of a subject.

222, The method of claim 217, comprising a first sample and a second sample,
wherein said first sample comprises a sample oblained using said swab, and said second
sarapie comprises a blood sample.

223, The method of elaim 217, comprising detecting the presence of a nucleie acid
discasc marker and a protein disgase marker.

7
I

224, The method of claim 217, wherein said sample has a volume of less than about
500 microhiters.

225, The method of claim 222, comprising performing two or more assays for the
detection of discasc markers, and detecting two or more disease markers in said samples, of
m one or more portions thereof,

226.  The method of claim 223, comprising detecting the presence of a nucleic acid
discase marker and a protein disease marker.

7
7

227, The method of claim 217, wherein said discase marker is selected from a
nucleic acid disease marker, a protein discase marker, a saccharide, a prostaglandin, 4
cytokine, histamine, a steroid, and a marker for inflammation.

22%.  The method of claim 225, wherein said two or more disease markers are
selected from a nucleic acid discase marker, a protein discase marker, a saccharide, a
prostaglandin, a cytokine, histamine, a steroid, and a marker for inflammation.

229, The method of ¢laim 217, wherein said disease marker is a marker for
mflammation selected from prostaglandios, tumor necrosis facior alpha (TNF-a), mterleukin-
1 (JL.-1), interlenkin-§ (IL-8), mterfeakin-12 (11-12), interferon gamuma (1F-v), bradykinin,
complement system molecules, blood-clotting factors, C-reactive protein, erythrocyis
sedimentation ratc {ESR), white bloed cell count, and morphological changes in biood and
other colls.

2383, The method of claim 217, wherein said disease marker 1s a marker fora
discasc-causing agent, wherein said discase-causing agent is selected from the group of
discase-causing organisms consisting of a virus, a bacierium, a mycoplasm, a fungus, a yeast,
and other micro-organisms.

231, The method of claim 217, wherein the disease marker is a marker for a

discase-causing agent selected from the group consisting of Influcnza A Matrix protein,
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Influenza H3N2, Infloenza HIN1 seasonal, Influenza HINI novel, Influenza B,

£ W

Streptococeus pyogenes (A}, Mycobacterium Tuberculosis, Staphylococcus aureus (MR,

5 Staphylococcus aureus (RR), Bordetella pertussis (whooping cough), Streptococcus

[#>}

agalactiae {B3), Influenza HANI, Influenza H7N9, Adenovirus B, Adenovirus C, Adenovirus
7 E, Hepatitis b, Hepatitis ¢, Hepatitis delia, Treponema paliidum, HSV-1, HSV-2, HIV-1,
& HIV-Z, Dengue i, Dengue 2, Dengue 3, Dengue 4, Malaria, West Nile Virus, Trypanosoma
3 cruzi {Chagas), Kicbsiella pneumoniac {Enterobacteriaceae spp), Klebsiclia pneumoniae
10 carbapenemase (KPC), Epstein Barr Virus (mong), Rhinovirus, Parainfluenza virus (1},
11 Parainfluenza virgs (2), Parainflucnza virus (3}, Parainflucnza viras (4a), Parainflucnza virus
12 {4b), Respiratory syncytial virus (R8V) A, Respiratory syncytial virus (RSV) B, Coronavirus
13 229E, Coreonavirus HKU1, Coronavirgs OC43, Corenavirus NL63, Novel Coronavirus,
14 Bocavirus, human metapneumovirus {(HMPV), Streptococcus presmontiae (penic R},
15 Streptococcus pocumoniae (S), Mycoplasma pneumoniag, Chlamydia pneumoniae,
16 Bordetella parpertussis, Haemophilus influenzae (amipic R), Hacmophilus influenzac (ampic
17 8), Moraxella catarrhalis, Psecudomonas spp (aeruginosa), Haemophilus parainfluenzae,
18 Enterobacter cloacae (Enterobacteriaceae spp), Entercbacter acrogenes (Enterobacteriaceas
18 spp), Serratia marcescens (Enterobacteriaceae spp), Acinetobacter baumant, Legionclia spp,
20 FEscherichia coli, Candida, Chlamydia trachomats, Human Papilloma Virus, Neisseria
2t gonorrhoeae, plasmodiom, and Trichomonas {vagin}.
: 232, The method of claim 225, comprising detecting a discase marker in a bood
2 sarople and detecting a disease marker in a sample obtained from a swab, wherein one of said
3 discase markers is a marker for intlammation, and one of said disease markers a marker for a
4 disease-causing agent.
1 233,  The method of claim 232, wherein said discase marker for inflammation is
2 sclected from prostaglandins, tumor necrosis factor alpha (TNF-g), interfeukin-1 (1L-1),
3 interleckin-R (IL-8), interlegkin-12 (1L-12), interferon gamma (IF-y), bradykinin,
4 complement system molecules, blood-clotiing factors, C-reactive protein, erythrocyte
5  sedimentation rate {ESR), white bloed cell count, and morphelogical changes 1n blooed and
65  other cells, and said disease marker for a disease-causing agent 1s selected from the group of
7  discase-causing organisms consisting of a virus, a bacterivom, a mycoplasm, a fungus, a yeast,
8  and othor micro-organisms.

7
7

, wherein the disease marker 15 a marker for a disease

1 234, The method of claim 22
2 selected from influenza, a respiratory disease, a sexually transmitted discase, and another

infectious disease.

[08]
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235,  The method of claim 217, wherein the disease marker is a marker for an

imfluenza selected from HINT (scasonal), HINT {novel}, H3INZ, H7N9, and HSN1L.

7, wherein the disecase marker is a marker for a

236, The method of claim 21
respivatory disease selected from an upper respiratory disease and a lower respiratory disease,

237, The method of claim 217, wherein the disease marker is a respivatory disease
marker for a disease-causing organism selected from the group consisting of adenovirus B,
adenovirus C, adenovirus E, Bordetella pertussis, nyycebacterium tuberculosis (MTR),
Staphylococeus aurens, Methicillin-Resistant Staphylococcus aurens (MRSA), Group A
streptococcus, Group B streptococcus, Moraxella catarrhalis, Enterobacier acrogenes,
Haemophilus parainfluenzae, Metapneumo Vinus, Streptoceccus pueumonia, Paranflucnza
Virus 1, Parainfiuenza Virus 2, Parainfluenza Virus 3, Coronavirus 0C43, Coronavirgs
NLE3, Coronavirus MERS, Coronavirgs HKUT, Coronavirus 229E, Klibsiella preumonia
phoE, Klebsiclia pncumonia KPC, Bocavirus type 2,4, and Bocavirus type 1,3,

238, The method of claim 225, comprising detecting a discase marker in a blood
sample and detecting a disease marker in a sample obtaimed from a swab, wherein at least one
of said disease markers is a marker for a disease-causing organism indicative of a respiratory
discase selected trom the group counsisting of adenovirus B, adenovirus C, adenovirus E,
Bordetella pertussis, mycobacterium tuberculosis (MTB), Staphylococcus aureus,
Methicillin-Resistant Staphylococcus avreus (MRSA), Group A streptococcus, Group B
streptococcus, Moraxella catarrhalis, Enterobacter aerogenes, Hacmophilus parainfiuenzae,
Metapneumo Virus, Streptococcus pneumonia, Parainflucnza Virus 1, Parainfluenza Virus 2,
Parainfluenza Virus 3, Coronavirus 0C43, Coronavirus NL63, Coronaviras MERS,
Coronaviras HKUL, Corenaviras 229E, Klibsiella pnoumonia phoE, Klebsiclia pneumonia
KPC, Bocavirus type 2.4, and Bocavivus type 1,3

234, The method of ¢laim 217, wherem the disease marker 13 a marker for a
disease-causing organism indicative of a sexually transmitted disease selected from herpes
simplex virus (HSV), homan immunodeficiency virus (HIV), HIV-2 Group A, HIV-2 Group
B, BIV-1 Group M, Hepatitis B, Hepatitis Delta, herpes simplex viras (HSV), streptococcus
B, and treponema pallidum.

243.  The method of claim 225, comprising detecting a disease marker in a blood
sample and detecting a discase marker in a sample obtained from a swab, wherein at feast one
of said discase markers is a marker for a discase-causing organism indicative of a sexually
transmitted disease selected from herpes simplex virus (HSV), human tmmunodeficiency
virgs {(HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis B, Hepatitis Delia,
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herpes simplex viras (HSV), streptococcus B, and treponema pallidum.

241, The method of claim 217, wherein the discase marker is a marker for an
nfectious discase-causing agent sclected from the group counsisting of West Nile Virus,
Epstein-Barr Virus, plasmodim, Trypanosoma cruzi, and a Dengue Virus.

242, The method of claim 225, comprising detecting a disease marker in a blood
sample and detecting a discase marker in a sample obtained from a swab, wherein at least one
of said discase roarkers is a marker for a discasc-causing agent selected from the group
consisting of West Nile Virus, Epstein-Barr Vires, plasmodiam, Trypanosoma cruzi, and a
Dengue Virus.

7
I

243, The method of claim 217, wherein the method is a point-of service method
performed at a point-of-servige location.

244, The method of claim 222, wherein the method is a point-of service method
performed at a point-of-service location.

245, The methed of claim 217, wherein the method may be performed in less than
about 40 nunutes.

246.  The method of elaim 222, wherein the method may be performed in less than
about 40 roinutes.

247, A method of determining the stage of an infection n a subject suffering from

an infection, comprising:

Testing at least one sample, or an aliquot or aliquots thereof, obtained from
said subject 1) for the presence of a nucleic acid indicative of the mfection, and 2) for the
presence of an antibody indicative of the mfection, and

Determining whether the relative amounts of 8} nucleic acids indicative of the
nfection and b} antibedies indicative of the infection ndicate that the tofection is a recent
nfection, wherein 1) a greater relative amount of the nucleic acids indicative of the infection
as compared to the relative amount of the antibodics indicative of the jnfection indicate that
the mfection is a recent infection, and 11) a significant amount of antibodies to the infectious
agent indicate the infection is not a recent infection.

7
7

248, The method of claim 247, wherein the at least one sample comprises a blood
sample.
249, The method of claim 247, whersin the at least one sample comprises & sample

selected from a throat swab sample, a cheek swab sample, nasal swab sample, a saliva
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sample, and a blood sample.

250, The method of claim 247, wherein a significant amount of antibody to the
mfectious agent 1s detected, and further wherein nucleic acid markers indicative of the

mfectious agent are relatively sparse, wherein the infection is in a late stage.

251, The method of claim 247, comprising testing said sample for a marker for

inflammation.

252, The method of claim 251, wherein the marker for inflammation is selected
from a prostaglandin, tmmor necrosis factor aipha (TNF-o), interleukin-1 (1L-1), interleukin-3
(IL-8}, interlenkin-12 (IL-12), interferon gamma (IF-v), bradykinin, a complement system
molecule, a blood-clotting factor, C-reactive protein, erythrocyie sedimentation rate (ESR),

white blood cell count, and a morphological change 1o a bloed or other cell.

253.  The method of claim 251, wherein the marker for inflamymation is a eytokine

selected from a fynwhokine, 2 chemokine, an interleukin, and an interferon,
o 9 9

254, The method of claim 247, wherein said testing comprises testing to determine
whether the subject suffers from a bacterial infection, a viral infection, a yeast infection, a

mycoplasma infoction, & fungal infection, other infection, or combination thercof,

255,  The method of claim 247, wherein said testing comprises determining whether
markers indicative of viral infection or markers indicative of bacterial infection are detected,
effective to determine whether the subject suffers from a bacterial infection or a viral
mfection.

256, The method of claim 247, further comprising providing a prescription suitable

for treatment of said infection.

257.  The method of claim 256, wherein providing a prescription suitable for
treatment of said infection comprises preseription of an antibiotic when the testing determines

that the subject suffers from a bacterial infection.

258, The methed of claim 256, wherein providing a prescription suitable for
treatment of said infection comprises the prescription of an anti-mycoplasmal drug when the
testing determines that the subject suffers from a mycoplasmal infection.

259, The method of claim 256, wherein providing a preseription suitable for
treatment of said infection comprises the prescription of an anti-viral drag when the testing

determines that the subjoct suffers from g viral infection.
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260.  The method of claim 256, wherein providing a prescription suitable for
reatment of said infection comprises avoiding the prescription of an antibiotic, when the

testing determines that the subject suffers from a viral infection.

261, The method of claim 256, wherein providing a preseription suitable for
treatment of said infection comprises avoiding the prescription of an antibiotic, and providing
the prescription of an anti-viral drug, when the testing determines that the subject suffers

from a viral infection.

262, The method of claim 256, wherein providing a prescription suitable for
treatment of said infection comprises the prescription of an anti-fungal drug when the testing

determines that the subjoct suffers from a fungal infection.

263, The methed of claim 256, wherein providing a prescription suitable for
treatment of said imfection comprises the prescription of an anti-yeast drug when the testing

determines that the subject suffers from a yeast infection.

264, The method of claim 247, wherein the disease detected s caused by a disease-
causing agent selected from the group of diseasc-causing organisms consisting of a virus, a
bacterium, a mycoplasm, a fungus, a yeast, and other micro-organismes, and further
comprising providing a prescription for the suitable treatment of said virus, bacterium,

mycoplasm, fungus, yeast, or other micro-organism.

265, The method of claim 247, wherein the method is a point-of service method

performed at a point-of-servige location.

266, The method of claim 265, whercin the methods are for performing a phurality
of assays on a single small-volume chnical sanple, or on aliquots thereof, and may be
performed in less than about 40 minutes.

7
7

267, The method of claim 247, wherein the infection is caused by a discase selected

from influenza, a respiratory disease, a sexually transmitied disease, and another infectious

disease.

268, The method of claim 267, wherein the infection comprises influenza, wherein

said influenza is selected from HINT {seasonal), HINI (novel), H3N2, H7N9, and HSN1.

269, The method of claim 267, wherein the infection comprises a respiratory

discase selected trom an upper respiratory discase and & lower respiratory discasc.
270.  The method of claim 269, whercin the respiratory discase is sclected from the
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grovup consisting of adenovirus B, adenovirus €, adenovires E, Bordetella pertassis,
mycobacterium tiberculosis (MTRB), Staphyiccoccus aureus, Methicillin-Resistant
Staphylococcus aureus {MRSA), Group A streptococceus, Group B streptococcus, Moraxella
catarrhalis, Enterchacter acrogenes, Haemophilus parainfluenzae, Metapneume Viras,
Streptococcus pneumonia, Parainfluenza Virus |, Parainfloenza Virus 2, Parsinfluenza Viras
3, Coronavirus OC43, Coronavirus NL63, Coronavirus MERS, Coronavirus HKUT,
Coronavitas 2298, Klibsiclla pneumonia phoE, Klcbsiclla pnocumonia KPC, Bocavirus type

2,4, and Bocavirus type 1,3,

271, The method of claim 267, wherein the infection comprises a sexually
transmitted disease selected from a discase caused by herpes simplex virus (HSV), human
wmmonodeficiency viras (HIV), HIV-2 Group A, HIV-2 Group B, HIV-1 Group M, Hepatitis

B, Hepatitis Delta, herpes simplex virus (HSV), streptococcus B, and treponema pallidunm

272, The method of claim 247, wherein the infection comprises a disease caused by
an infectious disease-causing agent selected from the group consisting of Influenza A Matrix
protein, Influenza H3NZ, Influenza HIN1 scasonal, Influenza HINT novel, lufluenza B,
Streptococcus pyogenes {A), Mycobacteriinm Tubercudosis, Staphylococcus aureus (MR),
Staphylococcus aureus (RS), Bordetelia pertussis (whooping cough), Streptococcus
agalactiac {B), Influenza HSNI, Influenza H7N9, Adenovirus B, Adenovirus C, Adenovirus
E, Hepatitis b, Hepatitis ¢, Hepatitis delta, Treponema pallidum, HSV-1, HSV-2, HIV-1,
HIV-2, Dengue 1, Denguoe 2, Dengue 3, Dengue 4, Malaria, West Nile Viras, Trypanosoma
cruzi {Chagas), Kicbsiclla pueumoniac {Enterchacteriaceae spp), Klebsiella pnoumoniae
carbapcuemase (KPC), Epstein Barr Virus (mono), Rbinovirus, Parainfluconza virus (1},
Parainthienza virus (2), Parainfluenza virus (3), Parainfluenza virus (4a), Parainfluenza virus
(4b), Respiratory syncytial virus (RESVY A, Respiratory syneytial virus (RSV) B, Coronavirus
229E, Coronavirus HKU1, Coronavirus OC43, Coronavirus NL63, Novel Coronavirus,
Bocavirus, human metapnoumovirus (HMPV), Streptococcus pneumoniac (penic R},
Streptococeus pneumoniae (8), Mycoplasma pnesmoniae, Chlamydia pneomoniae,
Bordetella parpertussis, Haemophilus influenzae (ampic R), Haemophilos influenzac (ampic
S), Moraxclla catasrhalis, Pscudomonas spp (acruginosa), Hacmophilius parainfluenzac,
Enterobacter cloacae (Enterobacteriaceae spp), Entercbacter aerogenes (Enterobacteriaceae
spp), Serratia marcescens {Entercbacteriaceac spp), Acinetobacter bavmanii, Logionella spp,
Escherichia coli, Candida, Chlamydia trachomatis, Human Papillonma Virus, Neisseria

gonorrchogae, plasmodium, and Trichomonas (vagin).
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273.  The method of elaim 257, wherein the bacterial infection comprises an
infection caused by bacteria selected from the group consisting of Bordetella pertussis,
mycobacterium tuberculosis (MTH), Staphylococcus aurcus, Methiciilin-Resistant
Staphylococcus avreus {MRSA), Group A streptococeus, Group B streptococeus, Moraxella
catarrhalis, Entercbacter aerogenes, Hacmophilus parainfluenzae, Streptococcus pneumonia,

Klibsiella pnoumonia phoE, Kiebsiclla preumonia KPC, and freponema patlidum.

274,  The method of claim 259, wherein the viral infection comprises an infection
caused by a virus selected from the group counsisting of an infloenza virus, herpes simplex
virus {(HSV), bumar immunodeficiency virus {HIV), HIV-2 Group A, HIV-2 Group B, HIV-
1 Group M, Hepatitis BB, Hepatitis Delta, herpes simplex virus (H5V), West Nile Virus,
Epstein-Barr Virus, a Dengoe Virus, adenovirus B, adenovirus C, adenovirus E, Metapneumo
Virus, Parainfluenza Virus 1, Parainfluenza Virus 2, Parainfluenza Virus 3, Coronavirus
043, Coronavirus NL63, Coronavirus MERS, Coronavirus HKU1, Coronavirus 229E,
Bocavirus type 2,4, and Bocavirus type 1,3,

275, The method of claim 274, wherein the viral infection comprises influcnza,
wherein said influenza is selected from HINI (scasonal), HINI {novel), H3INZ, H7N¥, and

HSNTL

2776, The method of elaim 274, wherein the viral infection comprises a Dengue
virus, wherein said Dengue virus is selected from Dengue virus type 1, Dengue virus type 2,

Dengue virus type 3, and Dengue virus type 4.
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