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An immunochromatography device for determining the pres-
ence of a binding analyte in a biological sample of a subject,
includes the steps of a sample application site for receiving
the biological sample; at least one conjugate pad allowing the
binding analyte present in the biological sample to bind to a
labeled agent; and at least one test pad comprising assay
areas, wherein the sample application site is adapted to direct
at least part of said biological sample of a subject through the
at least one conjugate pad into at least three assay areas of the
at least one test pad and at least one of the at least one test pad
comprises two assay areas.
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FIG.1B
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IMMUNOCHROMATOGRAPHY DEVICE FOR
THE DIAGNOSIS OF DISEASES IN A
SAMPLE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Benefitis claimed of prior PCT applicationno. PCT/
1B2007/002112 to Augurix S. A., entitled “An Immunochro-
matography Device for the Diagnosis of Diseases in a
Sample,” filed on Jul. 27, 2007, and prior PCT application no.
PCT/IB2006/002021 to Augurix S. A., entitled “An Immuno-
chromatography Device for the Diagnosis of Diseases in a
Sample,” filed on Jul. 25, 2006, which are both incorporated
by reference herein in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the biotechnologi-
cal field, particularly to biomedical diagnosis. More pre-
cisely, the invention concerns an immunochromatography
device and a method for determining the presence of a bind-
ing analyte in a biological sample of a subject.

BACKGROUND OF THE INVENTION

[0003] Celiac disease (CD), which is considered as an auto-
immune disease, is one of the most common T-cell immune-
mediated disorders. CD is triggered in genetically susceptible
individuals when ingesting toxic components (gluten) of spe-
cific cereals, wheat, rye and barley. Dietary gluten peptides
cross the intestinal epithelium and initiate a series of cascades
promoting inflammatory mechanisms and clonal expansion
of B cells producing specific antibodies against gluten pep-
tides (gliadin) and an autoimmune response against tissue
transglutaminase (Tgase2), an ubiquitous intracellular
enzyme responsible for gluten deamidation as disclosed in
Freitag T., Schulze-Koops H., Niedobitek G., etal., “The role
of immune response against tissue transglutaminase in the
pathogenesis of celiac disease.”” Autoimmun. Rev. 2004; 3:
13-20; and, Esposito C. and Caputo I. Mammalian trans-
glutaminases. “Identification of substrates as a key to physi-
ological function and pathophysiological relevance.” FEBS.
2005; 272: 615-31, which are both incorporated by reference
herein in their entirety. The intense local inflammatory reac-
tion within the small-bowel ultimately results in villous atro-
phy, crypt hyperplasia, and massive lymphocyte infiltration
as disclosed in Molberg O., Solheim Flaete N., Jensen T., et
al., “Intestinal T-cell responses to high-molecular-weight glu-
tenins in celiac disease.” Gastroenterol. 2003; 125: 337-44,
which is incorporated by reference herein in its entirety. Mal-
absorption of micronutrients (e.g., vitamins and minerals)
and macronutrients (e.g., protein, carbohydrate, fat) follows.

[0004] As disclosed in Lo W., Sano K., Lebwohl B., et al.,
“Changing presentation of adult celiac disease”. Dig. Dis.
Sci. 2003; 48: 395-8, which is incorporated by referenced in
its entirety CD patients can be classified into three categories:
(a) symptomatic or classic, (b) atypical, and (¢) asymptomatic
or silent. The classic form occurs in infancy and manifests as
a failure to thrive with diarrhoea, abdominal distension, and
developmental delay. Failure to diagnose the disease may
lead to a true medical emergency. The atypical form of CD is
more frequent in adults and may present various non-specific
symptoms (chronic fatigue, depression, fibromyalgia-like
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syndrome, aphthous stomatitis, bone pain, dyspepsia, gas-
troesophageal reflux) making the diagnosis quite challeng-
ing.

[0005] The treatment for CD appears relatively simple. A
scrupulous life long diet free of gluten is required. For the
majority of the patients, the diet will stop the symptoms, heal
existing intestinal wound, and prevent further damage.
Improvements begin within days of starting the diet. The
small intestine is usually completely healed in 3 to 6 months
in children and younger adults and within 2 years for older
adults. In order to stay well, celiac patients must avoid gluten
for the rest of their lives. This can be sometimes complex
since gluten is found in most grain, pasta, cereal, and many
processed foods. The help ofa dietitian is often required at the
beginning. However, as CD is more and more being acknowl-
edged to be a frequent condition, gluten-free products are
increasingly available in most regular shops.

[0006] Misdiagnosis of CD may have dramatic conse-
quences on the long term. Calcium and vitamin D malabsorp-
tion dramatically increases the risk of osteoporosis and
osteopenia in CD patients. Other autoimmune disorders have
been shown to be associated with CD such as type I diabetes
mellitus, autoimmune thyroid disease, autoimmune hepatitis
amongst the most frequent. But the most feared complica-
tions are the development of either a specific enteropathy-
associated T-cell lymphoma or a bowel adenocarcinoma.
However, studies demonstrated that maintenance of a long-
term gluten-free state reduces the risk of cancer to the level of
the general population as disclosed in Lewis H. M., Renaula
T.L., Garioch J. ], et al., “Protective effect of gluten-free diet
against development of lymphoma in dermatitis herpetifor-
mis.” Br. J. Dermatol. 1996; 135: 363-7 which is incorporated
by reference herein in its entirety. The impact of these com-
plications is important for the patient, but also in terms of
health costs. In an Italian study, each asymptomatic undiag-
nosed CD patient was estimated to cost the Italian Health
Service up to 8700 Euros per year due to the potential devel-
opment of complications as disclosed in Tommasini A., Not
T., Kiren V., et al., “Mass screening for coeliac disease using
antihuman transglutaminase antibody assay.”” Arch. Dis.
Child. 2004; 89: 512-15, which is incorporated by reference
herein in its entirety. Despite the overall cost of screening, the
saving for each patient was estimated up to 7°200 Euros. Ina
similar study in the USA, each diagnosed case of CD could
save up to 7’400 USD per quality-adjusted life-year as dis-
closed in Mein S. M., Ladabaum U., “Serological testing for
celiac disease in patients with symptoms of irritable bowel
syndrome: a cost-effective analysis.” Aliment. Pharmacol.
Ther. 2004; 19: 1199-1210, which is incorporated by refer-
ence herein in its entirety.

[0007] Traditionally thought to be a rare childhood disease,
CD has now been recognized to be a frequent condition both
in adults and children. Until recently, studies suggested that it
affected one in 6’000 persons as disclosed in American Gas-
troenterological Association medical position statement:
celiac sprue. Gastroenterol. 2001; 120: 1522-25, which is
incorporated by reference herein in its entirety. However,
recent epidemiological studies have revealed that CD has
been largely underdiagnosed and prevalence in many adult
populations may be at least as high as 1:100 as disclosed in
Robins G. and Howdle P. D., “Advances in celiac disease.”
Curr. Opin. Gastroenterol. 2005; 21: 152-61, which is incor-
porated by reference herein in its entirety. Moreover, CD
affects populations worldwide (e.g., North and South
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America, Europe, North Africa, South and West Asia, Aus-
tralia) and is not restricted to persons of European ancestry as
initially thought as disclosed in Fasano A. and Catassi C.,
“Current approaches to diagnosis and treatment of celiac
disease: an evolving spectrum.” Gastroenterol. 2001; 120:
636-51; Sandolfi L., Pratesi R. Cordoba J. C., et al. “Preva-
lence of celiac disease in healthy blood donors in Brazil.” Am.
J. Gastroenterol. 2000; 95: 689-92; and, Green P. H., and Jabri
B. Coeliac disease. Lancet. 2003; 362: 383-91, which are all
incorporated by reference herein in their entirety.

[0008] Interestingly, CD is also a human leukocyte antigen
(HLA) associated condition. With few exceptions, CD is lim-
ited to predisposed individuals who express the HLA-DQ2
(DQA1*0501/DQB1*0201), and those who express HLA-
DQ8 (A1*0301/B1*0302) haplotypes as disclosed in San-
dolfi et al. Another common anomaly has been linked to the
haplotype HLA-DQ?2, selective IgA deficiency (IgAD) as
disclosed in Cataldo F., Marino V., Ventura A., et al., “Preva-
lence and clinical features of selective immunoglobulin A
deficiency in celiac disease: an Italian multicentre study,”
Italian Society of Paediatric Gastroenterology and Hepatol-
ogy (SIGEP) and “Club del tenue” Working Group on
Coeliac Disease. Gut. 1998; 42: 362-5, which is incorporated
by reference herein in its entirety. IgAD is the most common
primary immunodeficiency and is defined by a serum IgA
levels below 5 mg/dl with normal IgG and IgM and normal
cell-mediated immunity as disclosed in Cunningham-
Rundles C., “Physiology of IgA and IgA deficiency,” J Clin.
Immunol. 2001; 21: 303-9, which is incorporated by refer-
ence herein in its entirety. As many as 20% of CD patients are
estimated to have IgAD as disclosed in Collin P., Maki M.,
Keyrilainen O., et al., “Selective IgA deficiency and celiac
disease,” Scand. J. Gastroenterol. 1992; 27: 367-71, which is
incorporated by reference herein in its entirety.

[0009] Current diagnostic criteria for CD are based on
revised guidelines proposed by the European Society for
Paediatric Gastroenterology and Nutrition as disclosed in
Revised criteria for diagnosis of celiac disease, Report of
Working Group of European Society for Pediatric Gastroen-
terology and Nutrition. Arch. Dis. Child. 1990; 65: 909-11,
which is incorporated by reference herein in its entirety.
According to these guidelines, intestinal biopsy is recom-
mended as the gold standard for definitively ruling out the
diagnosis of CD. However, this approach cannot be used as a
screening procedure. Recently, many institutions are employ-
ing serological testing (detection of anti-gliadin antibodies,
anti-endomysial IgA and anti-TGase2 IgA) as primary
screening tools. Autoantibodies to TGase2 have been deter-
mined to be the most frequent antibodies associated to CD as
described in a previous art as disclosed in Dieterich W, Ehnis
T, Bauer M et al., Identification of Tissue Transglutaminase as
the Autoantigen of Celiac Disease. Nat Med 197; 3: 797-801;
and, WO 98/03872 entitled, “Immunological Process for
Detecting Antibodies Directed Towards Tissue Transglutami-
nase (TTG), Use of TTG for Diagnostic Purposes and
Therapy Control, and Oral Pharmaceutical Agent Containing
TTG,” to Schuppan D, Dieterich W., which are incorporated
by reference herein in their entirety. Commercialized immu-
noassays based on TGase2 have sensitivities in excess of 90%
and specificities over 95% as disclosed in Salmaso C.,
Ocmant A., Pesce G., et al., “Comparison of ELISA for tissue
transglutaminase autoantibodies with antiendomysium anti-
bodies in pediatric and adult patients with celiac disease,”
Allergy. 2001; 56 (6): 544-7, which is incorporated by refer-
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ence herein in its entirety. However, these analyses are based
on either ELISA or immunofluorescence technologies that
both require well-equipped laboratories and qualified staff
not always available worldwide as well as the repetition of the
analysis for a single biological sample to identify different
serological markers.

[0010] International Patent Application WO 2005/082254
-fin the name of Ethicon, USA-}-disclosed two separate
inventions. One of them concerns a diagnostic cap for liquid
sample The diagnostic cap comprise a reaction zone with
reagent moiety which reacts with an analyte and a detection
zone with a detector moiety. The second part of the invention
also concerns a diagnostic test apparatus comprising: a shaft
having a first end and a second end; a swab or a biopsy punch
mounted on the first end of a shaft; and a cap for fitting over
the first end of the shaft, said cap containing at least one
diagnostic test reagent; wherein the shaft comprises at least
one cap engagement element located proximate to the first
end, said element extending radially outwardly of the swab or
the biopsy punch for engagement with the cap to retain the
cap on the shaft. The configuration of the cap disclosed in this
document is closed compared to the present invention. This
document does not disclose an immunochromatography
device and a method wherein the diffusion of the biological
sample through the conjugate pads is carried out into at least
three assay areas of the test pads.

[0011] Four one-step immunochromatographic assays
have been previously described in WO 2005/082254 in the
name of Ethicon Inc, USA; International patent application
WO95/04280 in the name of Quidel Corp, USA; European
Patent N° 1164375 in the name of CT Genetica Biotech; and,
International Patent Application W02004/016065 in the
name of Consejo Superior Investigation et al.

[0012] International patent application WO95/04280 in the
name of Quidel Corp, USA disclosed a one-step method of
detecting analytes in a sample which require extraction prior
to detection using test device. However, this document fails to
disclose a device wherein the sample pad is adapted to direct
at least part of said biological sample of a subject through
conjugate pads into at least three assay areas.

[0013] European Patent N° 1164375 is based upon the
detection of antibodies against TGase2 only as the total IgA
level is not simultaneously detected with the detection of
antibodies against TGase2 (with a sensitivity of IgA class
antibodies against TGase 2 and with a sensitivity of IgG class
antibodies against TGase 2) in the biological sample.

[0014] WO2004/016065 combines detection of both anti-
bodies against TGase2 and gliadin. However, anti-gliadin
antibodies have been found to be much less accurate than
TGase2 and are therefore no longer recommended to be
tested by the North American Society for Paediatric Gastro-
enterology, Hepatogy and Nutrition as disclosed in Guideline
for the diagnosis and treatment of celiac disease in children:
recommendations of the North American Society for Paedi-
atric Gastroenterology, Hepatology and Nutrition. J. Pediatr.
Gastroenterol. Nutr. 2005; 40: 1-19, which is incorporated by
reference herein in its entirety. It has also been put forward in
Lahteenoja et al., that salivary IgA or IgG directed against
antigliadin are not helpful for the diagnosis or follow-up of
celiac disease patients as disclosed in Lahteenoja H et al.,
“Salivary antigliadin and antiendomysium antibodies in
celiac disease,” Scandinavian Journal of Immunology, 1999,
50/5, p 528-535, which is incorporated by reference herein in
its entirety.
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[0015] CD patients with IgAD will not have abnormally
elevated levels of IgA against TGase2. This has led to the use
of separate assays for total IgA and testing for IgG-class
antibodies against TGase2 as disclosed in Patent Application
W02004016065, entitled, “Immunochromatography system
and method for the simultaneous identification of AGA and
T-TG antibodies and use thereof for the diagnosis of celiac
disease,” Mendez Corman E., Genzor Asin C. G., Gamen
Sierra S., Corbaton Panplona V. M., Navarro Galindo A.,
Villacampa R. M., which is incorporated by reference herein
in its entirety. However, estimates of the sensitivity of IgG-
class antibodies alone suggest that these tests have poor sen-
sitivities around 40% as disclosed in Moher D. and Schachter
H. M. Evidence report/technology assessment on celiac dis-
ease #104. AHRQ publication number 04-E029-2. 2004.
www.ahrq.gov, which is incorporated by reference herein in
its entirety.

[0016] Additionally, it is known from the abstract of Jurjus
etal. as disclosed in Jurjus Abdo R et al., “Diagnostics mark-
ers for Celiac disease in blood and body fluids,” FASEB
Journal, 1995, 19 (5, suppl. S, Part 2):pA 1068, which is
incorporated herein in its entirety disclosed during the
Experimental Biology 2005 Meeting, —(San Diego, Calif.,
—Mar. 31 to Apr. 6, 2005, that saliva testing could be safely
used as a non-invasive diagnostic and monitoring modality of
Celiac disease except with patients with IgA deficiency.
[0017] Despite the disclosure of the foregoing patents and
patent applications, there remains a need to develop a univer-
sal one-step screening method, easy to perform rapid and
accurate, for simultaneously detecting the presence of total
IgA and antibodies against TGase2 (IgA and IgG) in at risk
CD populations amongst which those with IgAD.

[0018] This object has been achieved by providing an
immunochromatography device for determining the presence
of a binding analyte in a biological sample of a subject,
comprising a sample application site for receiving said bio-
logical sample, conjugate pads allowing said binding analyte
present in said biological sample to bind to a labeled agent,
and test pads comprising assay areas, wherein the sample pad
is adapted to direct at least part of said biological sample of a
subject through said conjugate pads into at least three said
assay areas.

SUMMARY OF THE INVENTION

[0019] In another aspect of the present disclosure, an
immunochromatography device for determining the presence
of a binding analyte in a biological sample of a subject,
broadly comprising a sample receiving site for receiving said
biological sample, conjugate pads allowing said binding ana-
lyte present in said biological sample to bind to a labeled
agent, and test pads comprising assay areas, wherein the
sample pad is adapted to direct at least part of said biological
sample of a subject through said conjugate pads into at least
three assay areas.

[0020] Inanother aspect of the present disclosure, a method
for determining the presence of a binding analyte in a bio-
logical sample of a subject broadly comprises the steps of

[0021] a) providing an immunochromatography device
comprising:
[0022] asample application site for receiving said biologi-

cal sample;
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[0023] at least one conjugate pad allowing said binding
analyte present in said biological sample to bind to a labeled
agent; and

[0024] at least one test pad comprising assay areas,

[0025] wherein the sample application site is adapted to
direct at least part of said biological sample of a subject
through said at least one conjugate pad into at least three assay
areas of said at least one test pad and at least one of said at
least one test pad comprises two assay areas,

[0026] a) collecting the biological sample,

[0027] b) pre-treating said biological sample in a pre-
treating buffer,

[0028] c) contacting the pre-treated biological sample of
step ¢) with the sample pad of said immunochromatog-
raphy device, thereby enabling said pre-treated biologi-
cal sample to diffuse laterally into at least three assay
areas,

[0029] d) running a lateral flow assay thereby allowing
the sample to flow through the sample pad toward the
conjugate pads and then toward the test pads comprising
the assay areas, wherein the binding analyte, if present in
said biological sample, first contacts labeled agents
impregnated on each conjugate pad so that complexes
with labeled agents impregnated on conjugate pads are
formed and wherein said complexes further contact with
capture agents or antigenic parts thereof which are
coated, in the assay area, on test pads,

[0030] e) enabling the development of a response and
detecting the presence of the label present on the com-
plexes,

[0031] o) interpreting the response to indicate the pres-
ence of said binding analyte in said biological sample.

[0032] Inyet another aspect of the present disclosure, a kit
for determining the presence of a binding analyte in a bio-
logical sample of a subject broadly comprises the immuno-
chromatography device broadly comprising a sample appli-
cation site for receiving said biological sample; at least one
conjugate pad allowing said binding analyte present in said
biological sample to bind to a labeled agent; and at least one
test pad comprising assay areas, wherein the sample applica-
tion site is adapted to direct at least part of said biological
sample of a subject through said at least one conjugate pad
into at least three assay areas of said at least one test pad and
at least one of said at least one test pad comprises two assay
areas, optionally with reagents and/or instructions for use.
[0033] The details of one or more embodiments of the
disclosure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the disclosure will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF THE FIGURES

[0034] FIG. 1 A shows an external perspective view of a
preferred embodiment of the test device;

[0035] FIG. 1 B shows a side perspective view of one
embodiment;
[0036] FIG. 2 shows the various test interpretation accord-

ing to the visual results;

[0037] FIG. 3 A shows an external perspective view of a
second embodiment of the test device;

[0038] FIG. 3 B details a side perspective view of a second
embodiment of the test device;

[0039] FIG. 4 A depicts a top plan view of a test strip in
accordance with example 3;
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[0040] FIG. 4 B details the various test interpretation
according to the visual results of example 3;

[0041] FIG. 5 A shows the effect of increasing concentra-
tion of mucolytic and reducing pre-treatment buffer on saliva
samples;

[0042] FIG. 5 B details the IgA anti-TGase2 levels in
serum, untreated whole saliva, treated whole saliva of patients
with untreated CD, under bad diet compliance, under good
diet compliance and of healthy control individuals as dis-
cussed in example 4;

[0043] FIG. 6 depicts the IgA anti-TGase2 levels in serum,
untreated whole saliva, treated whole saliva of patients with
untreated CD, under good diet compliance and of healthy
control individuals;

[0044] FIG. 7 A shows an external perspective view (top
part) and an internal perspective view (bottom part) of the
third preferred embodiment of the test device; and

[0045] FIG. 8 shows an internal perspective view (top part)
of the third preferred embodiment of the test device.

[0046] Like reference numbers and designations in the
various drawings indicate like elements.

[0047] Other objects and advantages will become apparent
to those skilled in the art from a review of the ensuing detailed
description, which proceeds with reference to the following
illustrative drawings, and the attendant claims.

DETAILED DESCRIPTION OF THE INVENTION

[0048] “A” or “an” means “at least one” or “one or more.”
[0049] The present disclosure concerns an immunochro-
matography device for determining the presence of a binding
analyte in a biological sample of a subject, broadly compris-
ing a sample receiving site for receiving said biological
sample, conjugate pads allowing said binding analyte present
in said biological sample to bind to a labeled agent, and test
pads comprising assay areas, wherein the sample pad is
adapted to direct at least part of said biological sample of a
subject through said conjugate pads into at least three said
assay areas.

[0050] “Immunochromatography device” usually refers to
a membrane-based immuno lateral flow assay that allows
visual detection of a binding analyte in liquid specimens.
[0051] A “binding analyte” as used herein, refers to a sub-
stance such as a chemical or a biological constituent that is
undergoing analysis. Generally, the analyte may be a ligand
or a binder. Usually, the binding analyte is an immunoglobu-
lin (Ig). Preferably, the immunoglobulin is selected from the
group comprising an IgA, a secretory IgA, an IgE, an IgM or
an IgG or a combination thereof. Most preferably, the binding
analyte is an IgA and/or an IgG.

[0052] Typically, the immunochromatography device of
the invention comprises a sample application site, conjugate
pads, and test pads, said test pads comprising assay areas.
[0053] The “sample application site” as used herein, refers
to a region dedicated for receiving the biological sample of
the subject of the invention.

[0054] Preferably, the sample application site comprises at
least one sample pad. A “sample pad” is capable of receiving
a biological sample and filtering out, if necessary, any large
particulate matter in the biological sample and holding the
biological sample so that it can slowly wick into the assay.
The sample pad is in lateral flow contact with the conjugate
pads. This could either be an overlap or end-to-end connec-
tion. The sample pad is usually made of porous material such
as cellulose, glass fiber, bonded glass fiber, and woven mesh.
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Preferably, the sample pad region is made of cellulose. Alter-
natively, the sample pad is impregnated with buffer to neu-
tralize the extraction reagents during the lateral flow assay.
[0055] Theterm “lateral flow” refers to liquid flow in which
all of the dissolved of dispersed components of the liquid are
carried at substantially equal rates and with relatively unim-
paired flow laterally through the material, as opposed to pref-
erential retention of one or more components as would occur,
e.g., inporous materials capable of adsorbing or imbibing one
or more components.

[0056] As used herein, the terms “porous material” or
“porous membrane” refer to any material capable of provid-
ing lateral flow. This would include material such as nitrocel-
lulose, nitrocellulose blends with polyester or cellulose,
untreated paper, porous paper, rayon, glass fiber, acrylonitrile
copolymer or nylon. One skilled in the art will be aware of
other porous materials that allow lateral flow.

[0057] As used herein, the term “subject” refers to any
animal classified as a mammal, including humans, domestic
and farm animals, and zoo, sports, or pet animals, such as
dogs, horses, cats, cows, monkeys etc. Preferably, the mam-
mal is human.

[0058] Usually, the biological sample of the disclosure is
selected from the group comprising whole blood, serum,
plasma, saliva, urine, brain tissue, and cerebral spinal fluid.
Preferably, the biological sample is saliva.

[0059] The immunochromatography device of the disclo-
sure further comprises conjugate pads which allow said bind-
ing analyte present in the biological sample to bind to a
labelled agent. Usually, the conjugate pad is in lateral flow
contact with the sample pad. This could either be by overlap
or end-to-end connection. Alternatively, the conjugate pad
may be on the same porous membrane as the sample pad. The
conjugate pad is usually made of porous material such as
cellulose, glass fiber, bonded glass fiber, and woven mesh.
Preferably, the conjugate pad region is made of cellulose.
Preferably also, the conjugate pads are impregnated, or asso-
ciated, with said labeled (or labelled) agent. Alternatively, the
labeled agent is bound to a microsphere. An example of such
labeled microsphere is a dyed polystyrene microsphere.
[0060] Usually, the labelled agent is a monoclonal or poly-
clonal antibody. Preferably, it is selected from the group
comprising anti human IgA, anti human secretory IgA, anti
human IgG, anti human IgE or anti human IgM. However, it
is within the scope of the invention that the labelled agent may
be any molecule with an affinity to a target binding analyte,
including molecules that can bind to antigens, proteins,
nucleic acids, cells, sub-cellular organelles, and other bio-
logical molecules. For example, the labelled agent may be
derived from polyclonal or monoclonal antibody prepara-
tions, may be a human antibody, or may be a hybrid or
chimeric antibody, such as a humanized antibody, an altered
antibody, F(ab')2 fragments, F(ab) fragments, Fv fragments, a
single-domain antibody, a dimeric or trimeric antibody frag-
ment construct, a minibody, or functional fragments thereof
which bind to the binding analyte of interest. Antibodies are
produced using techniques well known to those of skill in the
art. Furthermore, the labelled agent may be a receptor for a
specific hormone or any other protein with specific binding
affinities.

[0061] Attached to the labelled agent, either covalently or
noncovalently, is a substance or particle capable of producing
a signal (a label) detected visually. Such particles used as
labeling reagents can be chromogens, catalysts, fluorescent
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compounds, colloidal metallic and nonmetallic particles, dye
particles, enzymes or substrates, organic polymers, latex par-
ticles, liposomes with signal producing substances and the
like.

[0062] Alternatively, the immunochromatographic device
of the invention may be set up as a competitive design where
the labeled agent is conjugated to a known amount of binding
analyte and captured via an antibody or other compound with
a specific affinity for the binding analyte.

[0063] Once the labeled agent has recognized and bound
the binding analyte, a complex between these two entities is
formed.

[0064] Each conjugate pad of the immunochromatography
device of the invention is in communication with at least one
test pad. The conjugate pad and the test pad may be present on
a single porous membrane, or may comprise at least two
separate porous membranes in lateral flow contact. The “test
pad” of the disclosure is a membrane made of porous material
which comprises a capture agent coated in the test area.
Preferably, the capture agent is applied and dried onto the
substrate which composes the test pad. The capture agent is
not affected by the lateral flow of the biological sample due to
the immobilization to the porous material. The capture agent
is capable of “capturing” the complex formed between the
binding analyte and the labeled agent when the complex
present in the biological sample flows past the coated capture
agent and where it immobilizes.

[0065] As used herein, “in communication” means that the
different pads are in contact with each other by either overlap,
continuation or end-to-end connection so as to ensure the flow
to diffuse throughout the immunochromatographic device of
the invention.

[0066] Usually, the test pad of the disclosure comprises
assay areas. As used herein, “an assay area” refers to an area
that delimits a region on the test pad where at least one capture
agent is applied and visualized onto the substrate which com-
poses the test pad. Usually, the assay area can be viewed
through, in case the device comprises a plastic cover, a win-
dow placed on said plastic cover.

[0067] Preferably, one of said test pads of the disclosure
comprises two assay areas of, alternatively, each of said test
pads comprises one assay area.

[0068] The immunochromatography device of the disclo-
sure is characterized in that the sample application site is
adapted to direct at least part of said biological sample of a
subject through said conjugate pads into at least three assay
areas of said test pads. This is enabled by the fact that the
sample application site has a configuration that helps the
diffusion of the biological sample, for example by being in
close contact with the conjugate pads.

[0069] The number of assay areas available in the immu-
nochromatography device is comprised between 3 and 12,
preferably between 4 and 10, more preferably between 4 and
8. The inferior limit of assay areas has been determined in the
order of 3 in accordance with example 1 illustrating a pre-
ferred embodiment. In this case, a first assay area (15) reveals
total IgA in the biological sample, a second assay area (16)
reveals the presence of IgA against TGase 2 whereas a third
assay area (17) reveals the presence of IgG against TGase 2.
Surprisingly, applicants have shown that these three assay
areas are mandatory, in the case the disease to be detected is
CD, for detecting CD in at risk populations amongst those
with IgAD. Preferably, the immunochromatography device
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of the invention comprises one additional assay area which
corresponds to an internal control which serves to validate the
assay.

[0070] Referring in more details to FIGS. 1A and 1B, the
sample pad (6) of the immunochromatography device of the
invention has a cross shape and is in contact by overlapping
the conjugate pads (7) within the 4 lanes (10), (11), (12), and
(13). Each conjugate pad (7) is partly overlapping a test pad
(8). The assay areas correspond to the 4 regions (14), (15),
(16) and (17) as represented in FIG. 2. A plastic material
covers the porous material of the immunochromatographic
device.

[0071] Another preferred embodiment is represented in
FIGS. 3A and 3B. In this specific case, the sample pad (19)
has a U-shape and is overlapped by two conjugate pads (22,
23). Each of the conjugate pads (22, 23) is overlapped by one
test pad (24, 25). These test pads (24, 25) comprise each an
assay area (24', 24", 25', 25") which can be viewed through,
for example, a window placed on the plastic cover.

[0072] In a third preferred embodiment represented in
FIGS. 7 and 8, the sample application site is also de-centered
with regard to the sample pads. Optionally, this sample appli-
cation site may also function as a pre-treatment chamber
where the biological sample is contacted with a pre-treatment
solution.

[0073] Once the biological sample is applied to the sample
application site, then it gentle flows through a channel from
the sample application site towards a sample receptacle. Usu-
ally, the flowing movement of the biological sample is caused
for example by gravitational forces or by gentle diffusion. To
avoid flooding, the device may contain a window for air flow
(31). Then the sample pads are contacted with the biological
sample by plunging into the sample receptacle. Preferably,
each of the sample pads is mounted on a lane (35, 36, 37)
which maintains the sample pad into the sample receptacle
(28). Additionally, there are means, such as three walls, see
FIG. 8 (41), insuring that all sample pads plunge into the
biological sample. Each sample pad is then in communication
with at least one conjugate pad. Preferably there are also walls
(42, 43, 44) maintaining pressure at the interface between the
components of each one of the lateral flow test strips. The lane
is usually in a horizontal position or, preferably slightly
inclined with an inclination angle between 0-20°, preferably
an inclination of 10°, that insures that there is no overflooding
of'the test strips.

[0074] The conjugate pad and the sample pad may be
present on a single porous membrane, or may comprise at
least two separate porous membranes in lateral flow contact.
Usually, the different pads are in contact with each other by
either overlap or end-to-end connection so as to ensure the
flow to diffuse throughout the immunochromatographic
device of the invention.

[0075] Usually, a plastic material covers the porous mate-
rial of this immunochromatographic device. Each test pad,
which is in contact with the conjugate pad by either overlap or
end-t-end connection is also mounted on a lane (35, 36, 37)
and comprise each an assay area which can be viewed
through, for example, a window placed on the plastic cover
(32, 33, 34). FIG. 8 represents an example of this third pre-
ferred embodiment comprising three lanes (35, 36, 37) each
comprising an assay area (32, 33, 34).

[0076] In the example of a preferred embodiment, the
device comprises 3 lanes (35, 36, 37) arranged around the
center of a circle like the spoke of a wheel wherein the center
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constitute a sample receptacle (28). The sample application
site (38) is de-centered with respect to the lanes and is linked
to the sample receptacle through a little channel (39). The
sample application site may be designated (30) as to adapt to
saliva collector device such as Omni-SAL®.

[0077] However, it is also envisioned to have a device with
only two lanes or more than three and comprising three or
more assay areas.

[0078] This device presents several manufacturing advan-
tages such as
[0079] ease to assemble the tests strip within the device,

[0080] the sample pre-treatment step can be performed
within the device and

[0081] there is no risk of test strip flooding while applying
the biological sample.

[0082] Preferably, at least one test pad of the immunochro-
matophy device of the disclosure is a control pad. This control
pad serves to validate the assay and comprises a test area
which comprises an immobile capture agent acting as an
internal control. Usually, the capture agent which is coated in
the test area of said control pad will recognize a complex
formed between labeled agent and a binding analyte which is
ubiquitously present in the biological sample of the subject,
regardless of the presence or absence of the binding analyte of
interest in the biological sample. Once it binds the capture
agent present on the control pad it immobilizes the complex
and prevents it from continuing lateral flow with the liquid
sample. The capture agent for the control pad may be applied
to the porous membrane in any geometrical shape desired. In
the event that the development of a response is not positive,
the assay is not valid and it must be repeated using a new
immunochromatography device of the invention.

[0083] Incase the binding analyte that is undergoing analy-
sis is present, or susceptible to be present, in saliva, then it is
also envisioned that the device of the disclosure further com-
prises a recipient for a saliva collector device such as a cotton
pad device. Preferably, the saliva collector device is the
Omni-SAL® collector (Saliva Diagnostic Systems Inc.,
Brooklyn, N.Y., USA).

[0084] Thedevice ofthe disclosure may also comprise soak
pads, located at the distal end of each test pad. The soak pad
may be on the same porous membrane as the test pad, or may
be a separate porous membrane in lateral flow contact with
the test pad. The soak pad is capable of absorbing and holding
the biological sample after it has wicked across the assay,
preventing the sample from flowing in the opposite direction,
and causing non-specific binding to occur. The contact with
the test pad can be either by overlap or end-to-end connection.
Alternatively, the soak pad may be on the same porous mem-
brane as the test pad. The soak pad is made of porous material,
usually nitrocellulose filters.

[0085] Usually, the binding analyte must be capable of
migrating through lateral flow with the biological sample. If it
is not the case, pre-treatment of the biological sample may
help promoting the biological sample solubilisation and
reducing non-specific binding.

[0086] The sample pad, the conjugate pad, the test pad and
the soak pad can be made of different material, or can be
separate regions of the same porous membrane. The test pad
can contain the mobile labeling agents, the immobile capture
agent and the immobile control capture agent. In other
embodiments the analyte detection region contains only the
immobilized control capture reagent and the capture reagent.
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[0087] Additionally, the sample application site of the
immunochromatography device of the invention may com-
prise means for maintaining in contact the at least one sample
pad with the biological sample of a subject. As used herein,
the term “means” refer to any alternative enabling, maintain-
ing or favoring the contact between the sample pad and the
biological sample. Non limiting examples of means are
bridges and walls.

[0088] Itis within the scope of the invention that the immu-
nochromatography device is used for the diagnosis of a dis-
ease. The disease of the invention may be selected from the
group comprising celiac disease, infectious disease,
osteoporosis and autoimmune disease.

[0089] For example, Osteoporosis is a condition character-
ized by low bone mass and deterioration of bone tissue that
frequently affects celiac patients due to different micronutri-
ent malabsorptions such as vitamin D and calcium [29] as
disclosed in Stazi A. V. and Trinti B., “Reproduction, endo-
crine disorders and celiac disease: risk factors of osteoporosi,
. Minerva Med. 2006 April; 97 (2): 191-203, which is incor-
porated by reference herein in its entirety. As a consequence,
it leads to increased bone fragility and risk of fracture, par-
ticularly of the hip, spine and wrist. Osteoporosis is often
known as “the silent thief”” because bone loss occurs without
symptoms. Worldwide, the lifetime risk for the occurrence of
an osteoporotic fracture is in the range of 40 to 50% for
women and 13 to 22% for men as disclosed in Gass M. and
Dawson-Hughes B., “Preventing osteoporosis-related frac-
tures: an overview,” Am ] Med. 2006 April; 119 (4 Suppl
1):S3-S11, which is incorporated by reference herein in its
entirety. This has a huge economical impact on health sys-
tems with long term, hospital and chronic care accounting for
the majority of these costs as disclosed in Gass et al.

[0090] To accurately diagnose osteoporosis, patients
undergo bone mineral density (BMD) measurements. This
test measures changes in the bone mass that has occurred over
years. However, it is not reliable for assessing rapid changes
on bone mass (weeks or months) due to treatment or diet.
Different biochemical markers of bone turn-over have been
identified and used to monitor the efficacy of treatments as
disclosed in Bonnick S. L. and Shulman L., “Monitoring
osteoporosis therapy: bone mineral density, bone turnover
markers, or both?,” Am J Med. 2006 April; 119 (4 Suppl
1):S25-31, which is incorporated by reference herein in its
entirety. They are currently being assessed in different labo-
ratory based serological and urinary assays and require the
repetition of the analysis to identify the different markers.
Moreover, to accurately predict the risk of fragility fractures,
it has been recommended to include hormone status related
parameters as disclosed in North American Menopause Soci-
ety (NAMS), “Management of osteoporosis in postmeno-
pausal women: 2006 position statement of The North Ameri-
can Menopause Society,” Menopause. 2006 May-June; 13
(3):340-67, which is incorporated by reference herein in its
entirety.

[0091] The process disclosed in this art also applies to a
one-step procedure test for screening and follow-up of
osteoporosis. The method allows simultaneous detection of
bone markers and hormonal status thus avoiding repetition of
the analysis.

[0092] Alternatively, the disease of the invention is celiac
disease.

[0093] Usually, the binding analyte is an immunoglobulin
and is selected from the group comprising an IgA, a secretory
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IgA (sIgA), an IgE, an IgM or an IgG or a combination
thereof. Preferably, when the immunochromatography
device is used for the diagnosis of a celiac disease, the binding
analyte is an IgA, sIgA and/or an IgG.

[0094] Usually, the labeled agent, designed to recognize
and bind the binding analyte, is selected from the group
comprising anti human IgA, sIgA anti human IgG, anti
human IgE or anti human IgM. In case the binding analyte is
IgA, sIgA and/or an IgG, then the labeled agent is anti human
IgA or anti human IgG made, for example, in goat.

[0095] In a first embodiment, two conjugate pads of the
immunochromatography device of the invention are impreg-
nated with a labeled anti human IgA and two conjugate pads
are impregnated with a labeled anti human IgG. In this case,
said first of the two conjugate pads impregnated with a
labeled anti human IgA is in communication with a first test
pad, said first test pad being coated, in the assay area, with
tissue transglutaminase 2 (TGase2) or an antigenic part
thereof, and said second of the two conjugate pads impreg-
nated with alabeled anti human IgA is in communication with
a second test pad, said second test pad being coated, in the
assay area, with anti human IgA or a binding portion thereof.
[0096] Alternatively, said first of the two conjugate pads
impregnated with a labeled anti human IgG is in communi-
cation with a first test pad, said first test pad being coated, in
the assay area, with tissue transglutaminase 2 (TGase2) or an
antigenic part thereof, and said second of the two conjugate
pads impregnated with a labeled anti human IgG is in com-
munication with a second test pad, said second test pad being
coated, in the assay area, with anti human IgG, a ubiquitous
protein, or binding portions thereof.

[0097] Inasecond embodiment, a first conjugate pad of the
immunochromatography device of the invention is impreg-
nated with a labeled anti human IgA and a second conjugate
pad is impregnated with a labeled anti human IgG. In such as
case, said first conjugate pad impregnated with a labeled anti
human IgA is in communication with a first test pad, said first
test pad being coated, in the assay area, with tissue trans-
glutaminase 2 (TGase2) or an antigenic part thereof and with
anti human IgA or a binding portion thereof, and said second
conjugate pad impregnated with a labeled anti human IgG is
in communication with a second test pad, said second test pad
being coated, in the assay area, with tissue transglutaminase 2
(TGase2) or an antigenic part thereof and with anti human
IgG, a ubiquitous protein, or binding portions thereof.
[0098] Usually, a semi-rigid material will be used to sup-
port the porous material(s) of the immunochromatography
device of the invention. This semi-rigid material can be one
continuous piece of laminate or separate pieces. The laminate
is preferably vinyl but one skilled in the art will recognize that
numerous materials can be used to provide the semi-rigid
support. A minimal thickness is required in order to produce
the desired adequate mechanical strength or support for the
immunochromatography device to function effectively such
as to provide sufficient strength and support to the porous
material and assay device such that no interference with the
lateral flow results, for instance from the collapse or disinte-
gration of the immunochromatography device upon wetting.
[0099] Any plastic material can cover the porous material
of the device. Preferably, this plastic is mylar, however, those
skilled in the art will know of various materials that can be
used for such purposes. The cover can be one continuous
plastic or separate pieces as shown in FIGS. 1 and 3. It must
allow the assay areas to be viewed. Thus, if the cover is clear
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then the result can be viewed through the clear cover. If the
cover is not clear, then a window, gap or hole must be used so
the results can be viewed. In addition, the cover can leave a
portion of the sample recipient exposed so the sample can be
applied to the receiving region in a region called the sample
application site (for example, See Freitag et al., FIG. 1A and
(18), FIG. 3).

[0100] Alternatively, the backing and plastic cover can be a
molded plastic housing. Preferably, this plastic is a polyester,
however, those skilled in the art will know of various mate-
rials that can be used for such purposes.

[0101] Encompassed in the present invention is the use of
the immunochromatography device as described herein for
determining the presence of a binding analyte in a biological
sample of a subject.

[0102] Also encompassed by the present disclosure is a
method for determining the presence of a binding analyte in a
biological sample of a subject broadly comprising the steps of

[0103] a) providing the immunochromatography device
of the invention,

[0104] b) collecting the biological sample,

[0105] c¢) pre-treating said biological sample in a pre-
treating buffer,

[0106] d) contacting the pre-treated biological sample of
step ¢) with the sample pad of said immunochromatog-
raphy device, thereby enabling said pre-treated biologi-
cal sample to diffuse laterally into at least three assay
areas,

[0107] e) running a lateral flow assay thereby allowing
the sample to flow through the sample pad toward the
conjugate pads and then toward the test pads comprising
the assay areas, wherein the binding analyte, if presentin
said biological sample, first contacts labeled agents
impregnated on each conjugate pad so that complexes
with labeled agents impregnated on conjugate pads are
formed and wherein said complexes further contact with
capture agents or antigenic parts thereof which are
coated, in the assay area, on test pads,

[0108] ) enabling the development of a response and
detecting the presence of the label present on the com-
plexes,

[0109] g) interpreting the response to indicate the pres-
ence of said binding analyte in said biological sample.

[0110] There is no particular limitation on the methods for
collecting biological sample of a subject. For example, whole
blood drop is collected from a fingertip using a lancet device
and diluted in the pre-treatment buffer described infra for
direct test application, or stored in heparin-coated capillary
tubes prior to testing. Specifically, saliva is collected using
cotton pad devices such as Omni SAL®, commercially avail-
able from Saliva Diagnostic Systems Inc., Brooklyn, N.Y.,
USA as disclosed in U.S. Pat. No. 5,260,031, which is incor-
porated by reference herein in its entirety; OraSure® HIV-1
oral fluid specimen device and UpLink®, commercially
available from OraSure Technologies Inc., Bethlehem, USA;
Salivette®, commercially available from Sarstedt, Newton,
N.C., USA; and, TRANSORB® wicks, commercially avail-
able from Filtrona Richmond Inc., Colonial Heights, Vancou-
ver, USA. The pad is then placed in the pre-treatment buffer as
described in the examples.

[0111] Preferably, the method of the invention is designed
for the diagnosis of celiac disease, infectious disease,
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osteoporosis and autoimmune disease. Most preferably, the
disease to be diagnosed is celiac disease and in particular in
populations with IgAD.

[0112] The biological samples such as whole blood, serum
or saliva are diluted into pre-treatment buffer as described in
the examples. A preservative agent may be added to the pre-
treatment buffer.

[0113] Incase the biological sample is saliva, the pre-treat-
ment solution also allows processing saliva samples to
enhance detection of, for example, IgA against TGase2. Inter-
actions of mucins and IgA favour non-specific staining and
false-positive results. As known in the art, mucolytics or
reducing agents may be added to the pre-treatment solution to
cleave chemical bonds between mucins and IgA as disclosed
in Patent Application WO2005124344 entitled, “Method for
detecting anti-transglutaminase antibodies,” to Mascart F.
and Ocmant C., which is incorporated by reference herein in
its entirety.

[0114] The method of the invention further comprises the
step of contacting the pre-treated biological sample with the
sample pad of the immunochromatography device of the
invention, thereby enabling said pre-treated biological
sample to diffuse laterally into at least three assay areas.
[0115] Typically, the pre-treated biological sample flows
through the sample pad toward the conjugate pads and then
toward the test pads comprising the assay areas. When the
binding analyte is present in said biological sample, it first
contacts labeled agents impregnated on each conjugate pad so
that complexes with said labeled agents impregnated on con-
jugate pads are formed.

[0116] As described supra, the binding analyte is an immu-
noglobulin and is selected from the group comprising an IgA,
anlgF, an IgM or an IgG or acombination thereof. Preferably,
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coated, in the assay area, on test pads. The capture agent is
capable of “capturing” the complexes when present in the
biological sample. Usually, the capture agent is any particle or
molecule such as a protein which recognizes or binds the
complex with the labeling agent that has bound to the bio-
logical analyte in the sample. The capture agent is immobi-
lized to the porous material of the test pads, more particularly
located in the assay area. The capture agent is not affected by
the lateral flow of the liquid sample due to the immobilization
to the porous material. The capture agent can be natural, or
non-natural, i.e., synthetic. Once the capture agent binds the
analyte-labeled agent complex it prevents the complex from
continuing with the lateral flow of the liquid sample.

[0120] The method of the invention further comprises the
steps of enabling the development of a response and detecting
the presence of the label present on the complexes. Generally,
the reaction is visualized through the deposition of a colored
complex.

[0121] In case the label is an enzyme, then the addition of;,
for example, a colored substrate specific to the enzyme will
enable the visualization of the complex.

[0122] Usually, the method of the invention comprises the
step of interpreting the response to indicate the presence of
said binding analyte in said biological sample. Generally, a
visual examination of the assay area after 10-20 minutes is
sufficient to interpret the results of the test. Referring in more
details to the preferred embodiment (example 2, FIG. 2), the
immunochromatography device must be positioned with the
window corresponding to the assay area (14), which corre-
sponds to the internal control, in front of the user. The test is
validated if a blue line appears in this window. A total of 5
combinations may be visualized leading to 4 distinct clinical
diagnostics as described in FIG. 2 and Table 1.

TABLE 1

Assay areas

(14)

(15)

(16) (17) Interpretation

+

+

+
+

Internal control shows that the test is validated, the
subject is neither IgA deficient nor suffering from CD.
Internal control shows that the test is validated, the
subject is not IgA deficient but is suffering from CD.
Internal control shows that the test is validated, the
subject is IgA deficient but is not suffering from CD.
Internal control shows that the test is validated, the
subject is IgA deficient but is suffering from CD.

+ -
+ +

when the immunochromatography device is used for the diag-
nosis of a celiac disease, the binding analyte is an IgA and/or
an IgG.

[0117] Also usually, the labeled agent, designed to recog-
nize, bind and form a complex with the binding analyte, is
selected from the group comprising anti human IgA, anti
human IgG, anti human IgE or anti human IgM. In case the
binding analyte is IgA and/or an IgG, then the labeled agent is
an anti human IgA or an anti human IgG made, for example,
in goat.

[0118] Preferably, the label which is associated with the
agent is selected from the group comprising, but not limited
to, enzymes, dyes, and visible particles.

[0119] Oncethe complexes are formed, they further contact
with capture agents or antigenic parts thereof which are

[0123] In a preferred embodiment, a first complex with a
labeled agent impregnated on a first conjugate pad, said first
complex further contacts with a capture agent or an antigenic
part thereof which is coated, in the assay area, on a first test
pad, a second complex with a labeled agent impregnated on a
second conjugate pad, said first complex further contacts with
a second capture agent or an antigenic part thereof which is
coated, in the assay area, on a second test pad, a third complex
with a third labeled agent impregnated on a third conjugate
pad, said third complex further contacts with a third capture
agent or an antigenic part thereof which is coated, in the assay
area, on a third test pad, and a fourth complex with a fourth
labeled agent impregnated on a fourth conjugate pad, said
fourth complex further contacts with a fourth capture agent or
an antigenic part thereof which is coated, in the assay area, on
a fourth test pad.
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[0124] Usually, the labeled agents are selected from the
group comprising anti human IgA, anti human IgG, anti
human IgE or anti human IgM.

[0125] Preferably, two conjugate pads are impregnated
with a labeled anti human IgA and two conjugate pads are
impregnated with a labeled anti human IgG.

[0126] Also preferably, said first of the two conjugate pads
impregnated with a labeled anti human IgA is in communi-
cation with a first test pad, said first test pad being coated, in
the assay area, with tissue transglutaminase 2 (TGase2) or an
antigenic part thereof, and said second of the two conjugate
pads impregnated with a labeled anti human IgA is in com-
munication with a second test pad, said second test pad being
coated, in the assay area, with anti human IgA or a binding
portion thereof.

[0127] Most preferably, said first of the two conjugate pads
impregnated with a labeled anti human IgG is in communi-
cation with a first test pad, said first test pad being coated, in
the assay area, with tissue transglutaminase 2 (TGase2) or an
antigenic part thereof, and said second of the two conjugate
pads impregnated with a labeled anti human IgG is in com-
munication with a second test pad, said second test pad being
coated, in the assay area, with anti human IgG, a ubiquitous
protein, or binding portions thereof.

[0128] In another embodiment of the method of the disclo-
sure, the complexes formed between the binding analyte and
labeled agents comprise a first complex with a labeled agent
impregnated on a first conjugate pad, said first complex fur-
ther contacts with a first capture agent or an antigenic part
thereof or with a second capture agent or an antigenic part
thereof, said both capture agents being coated, in two distinct
assay area, on said first test pad, a second complex with a
labeled agent impregnated on a second conjugate pad, said
second complex further contacts with a first capture agent or
an antigenic part thereof or with a second capture agent or an
antigenic part thereof, said both capture agents being coated,
in two distinct assay area, on said second test pad.

[0129] Also in such a case, the labeled agents are selected
from the group comprising anti human IgA, anti human IgG,
anti human IgE or anti human IgM.

[0130] Usually, said first conjugate pad is impregnated with
a labeled anti human IgA and said second conjugate pad is
impregnated with a labeled anti human IgG.

[0131] Preferably, said first conjugate pad impregnated
with a labeled anti human IgA is in communication with a first
test pad, said first test pad being coated, in the assay area, in
the assay area, with tissue transglutaminase 2 (TGase2) or an
antigenic part thereof and with anti human IgA or a binding
portion thereof, and said second conjugate pad impregnated
with a labeled anti human IgG is in communication with a
second test pad, said second test pad being coated, in the assay
area, with tissue transglutaminase 2 (TGase2) or an antigenic
part thereof and with anti human IgG, a ubiquitous protein, or
binding portions thereof.

[0132] Preferably, the pre-treating buffer is selected from
the group comprising N-acetyl-cystein in PBS buffer or car-
bocystein min in PBS buffer, optionally with a reducing agent
such as DDT or SDS. Also optionally, a preservative agent
such as EDTA or sodium azide may be added to the pre-
treating buffer. It is in the capacity of one skilled in the art to
find out the best pre-treating buffer according to the biologi-
cal sample.

[0133] Usually, the label is selected from the group com-
prising chromogens, catalysts, fluorescent compounds, col-
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loidal metallic and nonmetallic particles, dye particles,
enzymes or substrates, organic polymers, latex particles, lipo-
somes with signal producing substances and the like.

[0134] The one-step method is edicated for the detection of
total IgA simultaneously to the detection of antibodies
against TGase 2 (with a sensitivity of IgA class antibodies
against TGase 2 and with a sensitivity of IgG class antibodies
against TGase 2) in the biological sample.

[0135] Also with in the scope of the present disclosure is a
kit for determining the presence of a binding analyte in a
biological sample of a subject, said kit comprising the immu-
nochromatography device as described herein, optionally
with reagents and/or instructions for use.

[0136] The kit of the present disclosure may further com-
prise a saliva collector device.

[0137] Alternatively, or additionally, the kit may further
include other materials desirable from a commercial and user
standpoint, including buffers, diluents, filters, needles, and
syringes, for example for collecting the biological sample.
[0138] The kit may also include a system enabling the
detection of the response. The response may be detected
visually or instrumentally depending on the label present on
the complexes. Possible responses may include production of
coloured, fluorescent, or luminescent products, alteration of
the characteristics of absorption or emission of radiation by
an assay component or product, and precipitation or aggluti-
nation of a component product. Said component may be a
label, e.g. a radioisotope, a fluorophore, an enzyme, a co-
enzyme, an enzyme substrate, an electron-dense compound,
or an agglutinable particle.

[0139] The foregoing description will be more fully under-
stood with reference to the following Examples. Such
Examples, are, however, exemplary of methods of practising
the present invention and are not intended to limit the scope of
the invention.

EXAMPLES
Example 1
Sample Collection

[0140] Preferably, the samples are, for example, whole
blood, serum or saliva. There is no particular limitation either
on the methods for collecting these samples. For example,
whole blood drop is collected from a fingertip using a lancet
device and diluted in the pre-treatment buffer described
below for direct test application, or stored in heparin-coated
capillary tubes prior to testing. Specifically, saliva is collected
using cotton pad devices such as Omm SAL®; OraSure®
HIV-1 oral fluid specimen device and UpLink®; Salivette®;
and, TRANSORB® wicks. For example, the Omni-SAL®
collector pad is placed under the tongue until an indicator
turns blue signalling that 1 ml saliva has been collected. The
pad is placed in the pre-treatment buffer described below and
can be either stored at 4° C. prior to testing or is extracted
using an adapted filter for immediate test application.

Sample Processing

[0141] Thebiological samples (e.g., whole blood, serum or
saliva) are diluted into 1 ml of pre-treatment buffer with the
following composition: Tris-buffered-saline (TBS) at a pH of
7.3 containing a non-ionic detergent such as Tween® 20 or
Triton X-100® at a concentration of 0.3%. A preservative
agent may be used such as sodium azide or ethylene-diamine-
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tetraacetic acid (EDTA). The pre-treatment solution also
allows processing saliva samples to enhance detection of IgA
against TGase2. Interactions of mucins and IgA favour non-
specific staining and false-positive results. As known in the
art, mucolytics such as N-acetyl-cystein or carbocystein may
be added to the pre-treatment solution to cleave chemical
bonds between mucins and IgA as disclosed in WO/2005/
124344. The addition of reducing agents such as dithiothrei-
tol (DTT) or sodium dodecyl sulphate (SDS) at low concen-
trations (between 0.5 to 2.5 mM) has the same effect by
splitting disulfide bonds while preserving the antigen binding
ability of immunoglobulins required for an immunoassay as
disclosed in Grebski E., Peterson C., and Medici T. C., “Effect
of physical and chemical methods of homogenization on
inflammatory mediators in sputum of asthma patients,”
Chest. 2001; 119 (5): 1521-5; and Angeretti A., Merlino C.,
Ferrara B., etal., “Effect of mercaptans on serum IgA.,” Boll.
Ist. Sieroter. Milan. 1986; 65 (5): 380-5, which are both
incorporated by reference herein in their entirety.

Example 2

[0142] Two preferred forms of embodiments of the inven-
tion will be illustrated as examples in the drawings and
described in details herein, albeit different embodiments are
possible. Moreover, both forms of embodiments are designed
to adapt to existing saliva collectors. The specific focus on
salivary specimens is due to the non-invasive feature of saliva
collection most suitable for screening purposes, especially
within the paediatric population.

[0143] InFIG. 1A, the test device has a circular configura-
tion and as defined allows simultaneous targeted analysis.
The site of the specimen application (1) is designed as to
adapt to saliva collector devices such as Omm-SAL®. The
end part of the filter (2) is inserted into the sample recipient
(3). Pushing the collector (4) towards the test device (5)
allows filtering of the specimen that flows onto the sample pad
(6) placed at the centre of the test device, as shown on FIG.
1B.

[0144] Other specimens can be directly loaded on the
sample pad using pipettors or similar devices. The sample pad
is specified as to allow a large bed volume (>25 ul/cm?) and is
also used to load low concentrations of bovine serum albumin
(BSA) and surfactants such as Tween® 20 to promote resolu-
bilization of the labelled secondary antibodies and reduce
non-specific binding. The sample is then evenly distributed to
the conjugate pads (7, FIG. 1B) promoting reconstitution of
labelled secondary antibodies. The conjugate pad is also
specified as to hold high bed volume. For both sample and
conjugate pad, different materials with absorbent properties
may be used such as cellulose, glass fiber, bonded glass fiber,
and woven mesh, but preferentially cellulose filters. All these
materials allow the sample deposited at one end of the assay
or test strip to migrate and to diffuse laterally at the opposite
end by capillary action. Two different labelled monoclonal
antihuman antibodies, anti-IgA and anti-IgG are immobilized
on the different conjugate pads. The binding analyte, if
present in the biological sample, first contacts labelled agents
such as the labeled secondary antibodies impregnated on each
conjugate pad so that a complexes with labelled secondary
antibodies migrates are formed and said complexes further
laterally migrate into the test pads (8) (as demonstrated by the
arrows, FIG. 1B) where the specific capture agent or an anti-
genic part thereof is immobilized. Different membrane poly-
mers may be used to constitute the test pads such as nitrocel-
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lulose, polyvinylidene fluoride, charge-modified nylon or
polyethersulfone, but preferentially nitrocellulose mem-
branes with a pore size of 0.4 um. As an example, the High-
Flow Plus Membranes® (Millipore, Bedford, Mass., USA)
with a capillary flow time ranging from 120 to 180 sec/4 cm
meet the designed test requirements.

[0145] Soak pads (9) composed from nitrocellulose filters
are located at the distal ends of the of each test pad to contain
excessive fluid.

[0146] FIG. 1B details the test strip assembly within the
circular configuration embodiment. The sample pad (6) has a
cross shape and overlaps the conjugate pads (7) within the 4
lanes (10), (11), (12), and (13). In lane (10) and (11), labelled
anti-human IgA is immobilized in the conjugate pad.
Labelled anti-human IgG is immobilized in the conjugate pad
of lane (12). Lane (13) contains the necessary elements for
control of the immunochromatographic conditions. Each lane
corresponds to a specific target marker to be revealed on the
nitrocellulose membrane such as:

[0147] lane 10 anti-human IgA reveals total IgA in the
biological sample;

[0148] lane 11 TGase2 reveals the presence of IgA against
TGase2 in the biological sample;

[0149] lane 12 TGase2 reveals the presence of IgG against
TGase2 in the biological sample;

[0150] lane 13 validates the test.

[0151] FIG. 2 shows the various test interpretation accord-
ing to the visual results. To read the results, the test device is
positioned with the triangle window (assay area (14)) in front
of the user. This window corresponds to the internal control.
A blue line within this window needs to be visualized for the
test to be validated. If no line appears, the test failed and needs
to be repeated, if necessary with another immunochromatog-
raphy device. The other windows give the following results:

[0152] assay area (15): total IgA
[0153] assay area (16): IgA against TGase2
[0154] assay area (17): IgG against TGase2

[0155] A total of 5 combinations may be visualized leading
to 4 distinct clinical diagnostics as described on FIG. 2.
[0156] FIG. 3A shows another form of embodiment for the
invention. The sample recipient (18) is also designed as to
adapt to saliva collector such as Omni-SAL®, but other types
of specimens may be directly loaded on the sample pad using
pipettors or similar devices. As detailed on FIG. 3B, the
sample pad (19) has a horseshoe shape. The biological sample
migrates laterally along both channels (20), (21), and pro-
ceeds through the conjugate pads containing labelled anti-
human IgA (22) on one side and labelled anti-human IgG (23)
on the other side. On a first membrane (24), two labelled
agents are immobilized, anti-human IgA for total IgA detec-
tion, and TGase2 for revealing the presence of IgA against
TGase2. To gain a higher sensitivity, TGase2 is placed down-
stream of anti-human IgA. On a second membrane (25),
TGase2 as well as downstream all the necessary elements for
an internal control of the immunochromatographic condi-
tions are deposited. Soak pads (26), (27) are placed at both
ends of test or assays strips. The results are visualized in the
same way as described above leading to 5 possible combina-
tions and 4 distinct clinical diagnostics.

[0157] Both test devices illustrated and described above
meet the necessary requirements for a universal screening
tool allowing the detection of CD in all at risk groups without
the need to perform additional tests. The test device as
described herein in significantly less expensive than actual
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laboratory ELISA assays. It can be used on different biologi-
cal samples, but preferentially on saliva owing to the non-
invasive collection methods. As such, the device adapts to
existing saliva collectors. The analysis is a simple one-step
procedure yielding rapid results.

Example 3
Sample Collection

[0158] There is no particular limitation as to the types of
biological samples to be tested. Preferably, the samples are,
for example, whole blood, serum or saliva. There is no par-
ticular limitation either on the methods for collecting these
samples. For example, whole blood drop can be collected
from a fingertip using a lancet device and diluted in the
pre-treatment buffer described below for direct test applica-
tion, or stored in heparin-coated capillary tubes prior to test-
ing. Specifically, saliva may be collected using cotton pad
devices such as Omm SAL®; OraSure® HIV-1 oral fluid
specimen device and UpLink®; Salivette®; and, TRAN-
SORB® wicks. As an example, the Omm-SAL® collector
pad is placed under the tongue until an indicator turns blue
signaling that 1 ml saliva has been collected. The pad is placed
in the pre-treatment buffer described below and can be either
stored at 4° C. prior to testing or is extracted using an adapted
filter for immediate test application.

Sample Processing

[0159] Sample pre-treatment solution is adapted to suit all
types of biological samples, but applies preferentially to
whole blood, serum and saliva.

[0160] The biological samples (whole blood, serum or
saliva) are diluted into 1 ml of pre-treatment buffer with the
following composition: Tris-buffered-saline (TBS) at a pH of
7.3 containing a non-ionic detergent such as Tween® 20 or
Triton X-100® at a concentration of 0.3%. A preservative
agent may be used such as sodium azide or ethylene-diamine-
tetraacetic acid (EDTA).

Single-Combination Immunochromatography System

[0161] Different embodiment can be envisioned for this
example. The description hereafter refers to the preferred
embodiment (circular configuration) as previously described
on FIG. 1A. A particular focus is made on saliva due to its
non-invasive feature for collection. Interestingly, it has been
recently demonstrated that bone markers can be accurately
measured in salivary samples of osteoporotic patients as dis-
closed in H. M. Lewis et al.

[0162] This example differs from the one previously
described (see FIG. 1A and FIG. 1B) by the secondary anti-
bodies immobilized on the conjugate pads as well as by the
specific markers grafted on the membrane. As shown on FIG.
4 A, 4 axis have been determined. On the bone formation axis,
the conjugate pad is impregnated with labelled antibodies
specific to bone specific phosphatase alkaline and to osteo-
calcin. On the bone resorption axis, labelled antibodies spe-
cific to deoxypyridinium and to C-telopeptides are present on
the conjugate pad. As for the hormonal axis, the conjugate pad
is impregnated with labelled antibodies specific to estradiol
and to progesterone and/or to testosterone. The control axis
contains the necessary elements for control of the immuno-
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chromatographic conditions. Similarly, the same specific
unlabelled antibodies are grafted on the corresponding mem-
branes of each axis.

[0163] The interpretation of the results is shown on FIG.
4B.

Example 4
[0164] Although the following example assays have been

performed by ELISA, they fully confirm the results obtained
with the device of the invention.

Subjects

[0165] The goal ofthis clinical study was to validate the use
of the marker combination in both saliva and serum. The
samples were first tested on an ELISA platform prior to
further testing on lateral flow tests. The clinical study was
designed to collect saliva samples from patients consulting at
the Gastroenterology Division of the Pediatric Department at
the University Hospital of Lausanne (CHUV) in Switzerland.
Informed consent was obtained from all subjects under study.
The study was approved by the applicable institutional review
board.

[0166] A total of 30 patients were enrolled in the study. The
subjects were classified into 6 groups.

[0167] Group I comprised 4 untreated CD patients (2 males
and 2 females; median age 11 years; range 7-15 years) diag-
nosed in 2007 according to the ESPGHAN criteria. Two of
the patients had an atypical CD presentation with isolated
growth failures. Another one had a silent CD form in the
context of a diabetes type 1. The last one suffered from a CD
with a classic presentation.

[0168] Group II was composed of 6 diagnosed CD patients
(6 females; median age 23 years; range 18-34 years) under a
poorly controlled gluten-free diet.

[0169] Group III comprised 5 diagnosed CD patients (4
females and 1 male; median age 18 years; range 6-18 years)
under a strict gluten-free diet for at least 6 months.

[0170] Group IV was composed of 3 IgAD patients
amongst which there was 2 CD patients (1 female and 2
males; median age 9 years; range 9 years).

[0171] Group V comprised 6 healthy controls (2 females
and 4 males; median age years; range years). None of them
suffered from another autoimmune disease.

Serum Specimens

[0172] Blood was collected by venipuncture and serum
extracted by centrifugation. Serum samples were diluted
1:101 as described by the manufacturer’s instructions for
—QUANTA Lite™ h-tTG IgA and IgG, commercially avail-
able from Inova Diagnostics Inc., San Diego, Calif., USA-)-

Saliva Collection Method

[0173] Saliva samples were collected in all patients using
the OmniSAL™ collector device (StatSure Inc., Framing-
ham, Mass., USA). This device consisted of a cellulose pad
attached to a plastic stem containing an indicator dye. The pad
was placed under the patient’s tongue. The dye turned blue
when 1 ml of saliva had been collected. The pad was then
removed from the stem by manual twisting in a transport tube
containing a modified phosphate buffer with sodium azide
and Tween 20 (0.2%) at physiological pH (StatSure Inc.,



US 2009/0305303 Al

Framingham, Mass., USA). The samples were immediately
stored at —80° C. and thawed only once prior to testing.

Saliva Extraction and Processing

[0174] Prior to processing and testing, saliva was extracted
from the collector pad by using a piston-style filter which was
manually inserted into the transport tube. About 1 ml of a
clear solution consisting of approximately equal volumes of
saliva and buffer was obtained in the filter. Sterile deminer-
alized aqueous solutions containing different concentrations
of N-acetyl-cystein, commercially available from —(Sigma
Aldrich Grade A72509; 10 g/L, 20 g/L and 50 g/L. were
prepared. 5 pl of each one these solutions were added to 100
wl of extracted sample with final concentrations of N-acetyl-
cystein (NAC) varying from 0.2 to 2.4 g/L of saliva. Samples
were then incubated at room temperature for 20 minutes.
Saliva samples were either used pure or diluted 1:10 prior to
testing.

Detection of Anti-TGase2 Antibodies and Total IgA

[0175] ELISA assays were performed to detect IgA and
IgG anti-TGase2 antibodies. A commercial kit, QUANTA
Lite™ h-tTG IgA and IgG, commercially available from
Inova Diagnostics Inc., San Diego, Calif., USA was used.
These tests were performed on both serum and saliva samples
for all patients, according to the manufacturer’s instructions
for use. Total IgA were measured in serum using and ELISA
technology.

Results

[0176] Antibody concentration in serum is 10 times supe-
rior (IgA in the range of 75 to 300 pg/ml) than in saliva (IgA
in the range of 30+15 pg/ml). However, a 1:10 dilution factor
had a too strong impact on test sensitivity yielding very low
absorbance measures. All further assays were performed
using pure saliva.

[0177] Saliva is a heterogeneous medium with viscosity
properties due to the presence of mucins. The latter are
amongst the largest glycosylated proteins (2 to 50 MDa) that
are secreted on the mucosal surfaces to protect cells as dis-
closed in W. Lo et al. They have the particularity to form
aggregates and complexes with other polymers, and therefore
induce a strong non-specific background staining on immu-
noassays as disclosed in H. M. Lewis et al. Moreover, anti-
bodies are trapped within these mucin filaments inducing a
loss of signal for the immunoassay. The need for a mucolytic
and reducing pre-treatment (combination of NAC and Tween
20) of the saliva samples has several advantages. It allows
degrading mucin aggregates to render the sample more fluid
for lateral flow migration. It also induces cleavage of chemi-
cal bonds between mucins and immunoglobulins. This effect
is illustrated on FIG. 5 A.

[0178] At a concentration of 0.4 g/l of NAC and 0.2%
Tween 20, the negative controls showed the lowest OD val-
ues. In comparison, saliva samples from CD patients treated
using the same buffer concentrations yielded no significant
differences with OD values of untreated samples. The main
effect of the pre-treatment buffer was to avoid non-specific
background staining from mucins and therefore increase dis-
crimination between the positive and negative populations.
[0179] Using the optimal concentration of mucolytic and
reducing agents that lowered the most the signal for the nega-
tive controls, the different groups of patients were assessed
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for IgA and IgG anti-TGase2. The results are shown on FIG.
5 B. When considering all the Groups of patients, it is difficult
to discriminate the different populations. There are major
overlaps between Group I (untreated CD), II (bad diet com-
pliance) and III (good diet compliance). When eliminating
Group II, discrimination is made possible between the other
populations, as shown on FIG. 6. These preliminary results
demonstrate that it is feasible to use saliva to distinguish
between an untreated CD patient and a healthy individual.
Therefore, saliva could be an excellent non-invasive screen-
ing medium. However, when considering follow-up of CD
patients under diet, it becomes very difficult to discriminate
the good from the bad diet compliances. For this particular
application, the use of either whole blood or serum seems
more suitable. This is highlighted on FIG. 6.

[0180] The levels of IgG anti-TGase2 were measured in
treated and untreated saliva samples from patients of all 5
groups. With the exception of a CD patient with IgAD from
Group IV, no antibodies IgG anti-TGase2 was detected.
These preliminary results are promising and seem to confirm
the specificity of IgG anti-TGase2 in saliva to diagnose CD in
patients with IgAD. However, more patient samples will be
needed to positively conclude on the use of saliva to diagnose
these patients.

[0181] Relating salivary immunoglobulins to systemic dis-
ease remains challenging. In the case of CD, two sub-classes
of immunoglobulins have to be considered, IgA and IgG,
each having a different origin in saliva. The former is synthe-
tized by plasmocytes in salivary glands, and secreted in the
form of dimers (secretory IgA). The latter is derived from
serum mainly via gingival crevices and from oral mucosal
transudate [6]. One of the challenges is to optimize saliva
collection procedure in order to collect both IgA and IgG. By
collecting saliva from under the tongue, IgA secreted from the
sublingual gland was collected as well as IgG from the oral
mucosal transudate. This has been previously demonstrated
in the context of oral HIV testing as disclosed in S. M. Mein.
It has the advantage of capturing both sIgA that reflect gut
immunity from homing of activated B cells within minor
salivary glands and IgG from serum.

[0182] While the invention has been illustrated by refer-
ence to specific and preferred embodiments, those skilled in
the art will recognize that variations and modifications may
be made through routine experimentation and practice of the
invention. Thus, the invention is intended not to be limited by
the foregoing description, but to be defined by the appended
claims and their equivalents.

1. An immunochromatography device for determining the
presence of a binding analyte in a biological sample of a
subject, comprising:

a sample application site for receiving said biological

sample;

at least one conjugate pad allowing said binding analyte

present in said biological sample to bind to a labeled
agent; and

at least one test pad comprising assay areas,

wherein the sample application site is adapted to direct at

least part of said biological sample of a subject through
said at least one conjugate pad into at least three assay
areas of said at least one test pad and at least one of said
at least one test pad comprises two assay areas.

2. The immunochromatography device of claim 1, wherein
the sample application site comprises at least one sample pad.
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3. The immunochromatography device of claim 1, wherein
said at least one test pad is a control pad.

4. The immunochromatography device of claim 1, wherein
the biological sample of said subject comprises any one of the
following: whole blood, serum, plasma, saliva, urine, brain
tissue, and cerebral spinal fluid.

5. The immunochromatography device of claim 1, wherein
said immunochromatography device further comprises a
recipient for a saliva collector device.

6. The immunochromatography device of claim 5, wherein
the saliva collector device is the Omni-SAL® collector.

7. The immunochromatography device of claim 2, wherein
the sample application site comprises means for maintaining
in contact the at least one sample pad with the biological
sample of a subject.

8. The immunochromatography device of claim 1, wherein
the sample application site is centered or de-centered.

9. The immunochromatography device of claim 1, further
comprising means for diagnosing a disease, said disease com-
prising any one of the following: celiac disease, infectious
disease, osteoporosis and autoimmune disease.

10. (canceled)

11. The immunochromatography device of claim 1,
wherein the binding analyte comprises any one of the follow-
ing: an IgA, an sIgA, an IgE, an IgM or an IgG, or a combi-
nation thereof.

12. The immunochromatography device of claim 11,
wherein the binding analyte is an IgA, sIgA and/or an IgG.

13. The immunochromatography device of claim 1,
wherein the labeled agent comprises any one of the following:
an anti human IgA, an anti human sIgA, an anti human IgG,
an anti human IgE or an anti human IgM.

14. The immunochromatography device of claim 1,
wherein said at least one conjugate pad comprises four con-
jugate pads.

15. The immunochromatography device of claim 14,
wherein two conjugate pads are impregnated with a labeled
anti human IgA and two conjugate pads are impregnated with
a labeled anti human IgG.

16. The immunochromatography device of claim 15,
wherein

a) a first of the two conjugate pads impregnated with the

labeled anti human IgA is in communication with a first
test pad of said at least one test pad, said first test pad
being coated, in the assay area, with a tissue trans-
glutaminase 2 (TGase2) or an antigenic part thereof; and

b) asecond of the two conjugate pads impregnated with the

labeled anti human IgA is in communication with a
second test pad of said at least one test pad, said second
test pad being coated, in the assay area, with an anti
human IgA or a binding portion thereof.

17. The immunochromatography device of claim 15,
wherein

a) a first of the two conjugate pads impregnated with the

labeled anti human IgG is in communication with a first
test pad of said at least one test pad, said first test pad
being coated, in the assay area, with a tissue trans-
glutaminase 2 (TGase2) or an antigenic part thereof; and

b) a second of the two conjugate pads impregnated with the

labeled anti human IgG is in communication with a
second test pad of said at least one test pad, said second
test pad being coated, in the assay area, with anti human
IgG, a ubiquitous protein, or binding portions thereof.
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18. The immunochromatography device of claim 1,
wherein a first conjugate pad of said at least one conjugate pad
is impregnated with a labeled anti human IgA and a second
conjugate pad of said at least one conjugate pad is impreg-
nated with a labeled anti human IgG.

19. The immunochromatography device of claim 18,
wherein

a) said first conjugate pad impregnated with the labeled anti
human IgA is in communication with a first test pad of
said at least one test pad, said first test pad being coated,
in the assay area, with a tissue transglutaminase 2
(TGase2) or an antigenic part thereof, and with an anti
human IgA or a binding portion thereof, and

b) said second conjugate pad impregnated with the labeled
anti human IgG is in communication with a second test
pad of said at least one test pad, said second test pad
being coated, in the assay area, with a tissue trans-
glutaminase 2 (TGase2) or an antigenic part thereof, and
with anti human IgG, a ubiquitous protein, or binding
portions thereof.

20. The immunochromatography device of claim 1, further

comprising at least one soak pad.

21. The immunochromatography device of claim 1,
wherein the subject is a mammal.

22. The immunochromatography device of claim 21,
wherein the mammal comprises any one of the following:
humans, domestic animals, farm animals, zoo animals, sports
animals, or pet animals.

23. The immunochromatography device of claim 22,
wherein the pet animal comprises any one of the following:
dogs, horses, cats, cows and monkeys.

24. A method for determining the presence of a binding
analyte in a biological sample of a subjects comprising the
steps of:

a) providing an immunochromatography device compris-

ing:

a sample application site for receiving said biological
sample;

at least one conjugate pad allowing said binding analyte
present in said biological sample to bind to a labeled
agent; and

at least one test pad comprising assay areas,

wherein the sample application site is adapted to direct
at least part of said biological sample of a subject
through said at least one conjugate pad into at least
three assay areas of said at least one test pad and at
least one of said at least one test pad comprises two
assay areas;

b) collecting the biological sample;

¢) pre-treating said biological sample in a pre-treating
buffer;

d) contacting the pre-treated biological sample of step ¢)
with the sample application site of said immunochro-
matography device to enable a pre-treated biological
sample to diffuse laterally into at least three assay areas
of said at least one test pad;

e) running a lateral flow assay to allow the sample to flow
through the sample application site toward the at least
one conjugate pad and then toward the at least one test
pad, wherein the binding analyte, if present in said bio-
logical sample, first contacts labeled agents so that at
least one complex with labeled agents is formed and
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wherein said at least one complex with labeled agents
further contacts with capture agents or antigenic parts
thereof;,

f) enabling the development of aresponse and detecting the
presence of a label present on the at least one complex;

g) interpreting the response to indicate the presence of said
binding analyte in said biological sample.

25. The method of claim 24, wherein the at least one

complex of step e) comprises:

1) afirst complex of said at least one complex with a labeled
agent impregnated on a first conjugate pad of said at least
one conjugate pad, said first complex further contacts
with a capture agent or an antigenic part thereof which is
coated, in the assay area, on a first test pad of said at least
one test pad;

ii) a second complex of said at least one complex with a
labeled agent impregnated on a second conjugate pad of
said at least one conjugate pad, said first complex further
contacts with a second capture agent or an antigenic part
thereof which is coated, in the assay area, on a second
test pad of said at least one test pad;

iii) a third complex of said at least one complex with a third
labeled agent impregnated on a third conjugate pad of
said at least one conjugate pad, said third complex fur-
ther contacts with a third capture agent or an antigenic
part thereof which is coated, in the assay area, on a third
test pad of said at least one test pad; and

iv) a fourth complex of said at least one complex with a
fourth labeled agent impregnated on a fourth conjugate
pad of said at least one conjugate pad, said fourth com-
plex further contacts with a fourth capture agent or an
antigenic part thereof which is coated, in the assay area,
on a fourth test pad of said at least one test pad.

26. The method of claim of claim 25, wherein the labeled
agents comprise any one of the following: anti human IgA,
anti human IgG, anti human IgE or anti human IgM.

27. The method of claim of claim 25, wherein two conju-
gate pads of said first, second, third and fourth conjugate pads
are impregnated with a labeled anti human IgA and two
conjugate pads of'said first, second, third and fourth conjugate
pads are impregnated with a labeled anti human IgG.

28. The method of claim 27, wherein

a) a first of the two conjugate pads impregnated with the
labeled anti human IgA is in communication with the
first test pad, said first test pad being coated, in the assay
area, with a tissue transglutaminase 2 (TGase2) or an
antigenic part thereof, and

b) a second of the two conjugate pads impregnated with the
labeled anti human IgA is in communication with the
second test pad, said second test pad being coated, in the
assay area, with an anti human IgA or a binding portion
thereof.

29. The method of claim 27, wherein

a) said first of the two conjugate pads impregnated with the
labeled anti human IgG is in communication with the
first test pad, said first test pad being coated, in the assay
area, with a tissue transglutaminase 2 (TGase2) or an
antigenic part thereof, and

b) said second of the two conjugate pads impregnated with
the labeled anti human IgG is in communication with the
second test pad, said second test pad being coated, in the
assay area, with an anti human IgG, a ubiquitous protein,
or binding portions thereof.
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30. The method of claim 24, wherein the at least one
complex of step ) comprises:

1) a first complex of said at least one complex with a labeled
agent impregnated on a first conjugate pad of said at least one
conjugate pad, said first complex further contacts with a first
capture agent or an antigenic part thereof or with a second
capture agent or an antigenic part thereof, said first and sec-
ond capture agents being coated, in two distinct assay areas,
on said first test pad of said at least one test pad,

ii) a second complex of said at least one complex with a
labeled agent impregnated on a second conjugate pad of
said at least one conjugate pad, said second complex
further contacts with a first capture agent or an antigenic
part thereof or with a second capture agent or an anti-
genic part thereof, said first and second capture agents
being coated, in two distinct assay area, on said second
test pad of said at least one test pad.

31. The method of claim 30, wherein said first conjugate
pad is impregnated with a labeled anti human IgA and said
second conjugate pad is impregnated with a labeled anti
human IgG.

32. The method of claim 31, wherein

a) the first conjugate pad impregnated with the labeled anti
human IgA is in communication with the first test pad,
said first test pad being coated, in the assay area, with a
tissue transglutaminase 2 (TGase2) or an antigenic part
thereof, and with an anti human IgA or a binding portion
thereof; and

b) the second conjugate pad impregnated with a labeled
anti human IgG is in communication with the second test
pad, said second test pad being coated, in the assay area,
with a tissue transglutaminase 2 (TGase2) or an anti-
genic part thereof, and with an anti human IgG, a ubiq-
uitous protein, or binding portions thereof.

33. The method of claim 24, wherein the pre-treating buffer
comprises any one of the following: an N-acetyl-cystein in a
PBS buffer, or a carbocystein in a PBS buffer.

34. The method of claim 24, wherein the label comprises
any one of the following: chromogens, catalysts, fluorescent
compounds, colloidal metallic and nonmetallic particles, dye
particles, enzymes or substrates, organic polymers, latex par-
ticles, and liposomes with signal producing substances.

35. A kit for determining the presence of a binding analyte
in a biological sample of a subject, said kit comprising the
immunochromatography device comprising:

a sample application site for receiving said biological

sample;

at least one conjugate pad allowing said binding analyte
present in said biological sample to bind to a labeled
agent; and

at least one test pad comprising assay areas,

wherein the sample application site is adapted to direct at
least part of said biological sample of a subject through
said at least one conjugate pad into at least three assay
areas of said at least one test pad and at least one of said
at least one test pad comprises two assay areas; and

optionally with reagents and/or instructions for use.

36. The kit of claim 35, further comprising a saliva collec-
tor device.

37. The method of claim 24, wherein the contacting step d)
further comprises contacting the pre-treated biological
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sample of step c¢) with at least one sample pad of said sample sample to flow through at least one sample pad of said sample
application site. application site.

38. The method of claim 24, wherein the running step e)
further comprises running the lateral flow assay to allow the woR R Rk
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