ANTI GEN CAPTURE ANTI - DENGUE | gA ELI SA (ACA-ELI SA) FOR THE DETECTION OF A
FLAVI VI RUS SPECI FI C ANTI BODY FI ELD OF THE | NVENTI ON The present invention
relates to a technique of detecting recent exposure of a human or an
animal to a flavivirus or equivalent thereof. Mre particularly, the
present invention relates to a rapid and easy anal ysis of a bi ol ogi cal
sanple taken froma subject (aninmal or human) in order to determne if the
subj ect had been exposed specifically to a flavivirus or equival ent

thereof. Thg EL(?ER'B%I;W E”AN?FDE fc%uhéf‘l R“E?_Ysﬂgem EL@A&J—‘EBR%‘P—E%“ c kits

and sero- eva VIR IR ARG rc a | gA) due to
fl avivirus infect DETE(BTI@N OEWFMMRU&SPWIFIWIBOBNH ably, the
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generally transm tted by nogeib e TREANVENTONIhe Fl avivirus genus
contains a nunber of viruses including yellow fever virus (YF), dengue

fever (DF) virus, West-Nile (WN) virus and Japanese encephaliti s (JE) Vi rus
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BACKGROUND

The Flaviviridae family contains a myriad of viruses that cause disease in
humans and are generally transmitted by mosquitoes and ticks. The Flavivirus
genus contains a number of viruses including yellow fever virus (YF), dengue
fever (DF) virus, West-Nile (WN) virus and Japanese encephalitis (JE) virus

which are responsible for their corresponding diseases.

Dengue is one of the major viral diseases affecting tropical and subtropical
regions around the world, predominantly in urban and suburban areas. (DF) and
its more serious forms, dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), are important public health problems.

Dengue virus is a positive-stranded encapsulated RNA virus. The genomic RNA
is approximately 11 kb in length and is composed of three structural protein
genes that encode the nucleocapsid or core protein (C), a membrane-associated

protein (M), an envelope protein (E), and seven nonstructural (NS) protein genes.




serotypes 1 to 4. Infection induces a life-long protective immunity to the
honol ogous serotype but confers only partial and transient protection

agai nst subsequent infections by the other three serotypes. Instead, it
has generally been accepted that secondary infection or infection with
secondary or nultiple infections with various dengue virus serotypes is a
maj or risk factor for DHF and DSS due to anti body-dependent enhancenent.
Q her factors have been postul ated to be inportant in the pathogenesis of
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The laboratory diagnosis of dengue virus infection can be made by the detection
of specific virus, viral antigen, genomic sequence, and/or antibodies. At present,
the three basic methods used by most laboratories for the diagnosis of dengue
virus infection are viral isolation and characterization, detection of the genomic
sequence by a nucleic acid ampilification technology assay, and detection of
dengue virus-specific antibodies. After the onset of illness, the virus is found in
serum or plasma, circulating blood cells, and selected tissues, especially those of
the immune system, for approximately 2 to 7 days, roughly corresponding to the
period of fever.

Two patterns of serological response can be observed in patients with dengue
virus infection: primary and secondary antibody responses, depending on the
immunological status of the infected individuals. A primary antibody response is
“seen in individuals who are not immune to dengue or other member of
flaviviruses. A secondary antibody response is seen in individuals who have had
a previous dengue or flavivirus infection. For acute- and convalescent-phase

sera, serological detection of antibodies based on capture immunoglobulin M




2 (1gM and 1gG enzyne-|inked i munosor bent assay (ELISA) has becone the
new standard for the detection and differentiation of primary and secondary
dengue virus infections. This is inportant, since a sensitive and reliable
assay for the detection and differentiation of primary versus secondary or
mul tiple dengue virus infection is critical for the analysis of data for
epi dem ol ogi cal, pathological, clinical, and inmunol ogi cal studies.
Progress toward the detection of antigen in acute-phase serum sanpl es by
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detected in the acute-phase sera of both patients with primary dengue virus
infections and patients with secondary dengue virus infections up to 9 days after
the onset of illness. Koraka ef al. 2003. recently reported on the detection by a
dot blot immunoassay of immune complex-dissociated NS1 antigen in patients
with acute dengue virus infections and concluded that NS1 antigen detection by
dot blot immunoassay in both non-dissociated and dissociated serum and plasma
samples from patients with primary and secondary dengue virus infections results
in the highest number of dengue antigen-positive patients compared with the
numbers obtained by RT-PCR and with the denKEY kit.

The serological diagnosis of dengue virus infection is rather complicated for the
following reasons: (i) patients may have multiple and sequential infections with
the four dengue virus serotypes due to a lack of cross-protective neutralization
antibodies; (i) multiple and sequential flavivirus infections make differential
diagnosis difficult due to the presence of pre-existing antibodies and original
antigenic sin {(many B-cell clones responding to the first flavivirus infection are
restimulated to synthesize early antibody with a greater affinity for the first

infecting yirus than for the present infecting virus in every subsequent flavivirus




antigenic sin (many B-cell clones responding to the first flavivirus
infection are restinmulated to synthesize early antibody with a greater
affinity for the first infecting virus than for the present infecting
virus in every subsequent flavivirus 3 infection) in regions where two or
nore flaviviruses are co-circulating; (iii) 1gG antibodies have high
degrees of cross-reactivity to honol ogous and heterol ogous flavivirus
antigens; and (iv) the serodiagnosis of past, recent, and present dengue
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antigen-coated indirect IgM and/or IgG ELISA, and the HI test are the most
commonly used serological techniques for the routine diagnosis of dengue virus
infections. Traditionally, the HI test was used to detect and differentiate primary
and secondary dengue virus infections due to its simplicity, sensitivity, and
reproducibility. Patients are classified as having secondary dengue virus
infections when the HI test titer in their sera is greater than or equal to 1:2,560
and are classified as having primary dengue virus infection if the HI test titer is
less than 1:2,560. The HI test has recently become less popular and has
gradually been replaced by the E/M-specific capture IgM and I1gG ELISA due to

the inherent disadvantages of the Hl test.

Many rapid test kits that use the principle of immunochromatography are
commercially available. Most of these kits can simultaneously detect IgM and IgG
antibodies to dengue virus in human whole blood, serum; or plasma within 5 to
30 minutes. Some of these kits claim that it is possible to differentiate primary
and secondary dengue virus infections, although this is not always reliable. The
results showed that these kits generally have higher sensitivities for igG detection

but lower sensitivities for IgM detection and various specificities compared to the




commercially avail able. Mst of these kits can sinultaneously detect |gM
and 1gG antibodies to dengue virus in human whol e bl ood, serum or plasm
within 5to 30 mnutes. Sone of these kits claimthat it is possible to
differentiate primary and secondary dengue virus infections, although this
is not always reliable. The results showed that these kits generally have
hi gher sensitivities for 1gG detection but |ower sensitivities for |gM
detection and various specificities conpared to the 4 results of the
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of diagnostic target compared to saliva due to its higher level of performance.

The present invention provides an effective and sensitive detection method for
the detection of IgA for a flavivirus infection which alleviates some of the
problems of the prior art.

SUMMARY OF THE INVENTION

The first aspect of the present invention provides a method for detecting IgA in a
subject that is specific for a flavivirus or equivalent thereof said method
comprising:

contacting a biological sample from the subject with a mixture of
flavivirus specific immunogenic components; and

determining the presence of a complex that forms between a binding
partner in the biological sample and a flavivirus specific immunogenic
component; and

characterizing the binding partner in the complex with an anti-IgA
antibody.




flavivirus specific inmunogeni c conponents; and determ ning the presence of
a conplex that forns between a binding partner in the biological sanple
and a flavivirus specific inmunogenic conponent; and characterizing the

bi nding partner in the conplex with an anti-IgA antibody. 5 The net hod
identifies only the IgA in the biological sanple. Another aspect of the
present invention provides a nethod for detecting exposure of a subject to
a flavivirus or equivalent thereof said nethod conprising: contacting a

bi ol ogi cal sanple fromthe subject with a m xture of flavivirus specific

i mrunogeni ¢ conponents; and determ ning the presence of a conpl ex that

f or ns bethheenethobiidetitiigs ophrthadégA imthehsolbgichbgample. sanpl e and a fl avi virus
speci fic i mmunogeni ¢ conponent; characterizing the binding partner in the
conplex; and correlating the binding partner to exposure to the
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| ow cost and straightforward assay to determ ne present or prior Tecent
exposur e 8XBosYray Pl @ usubjedthdo | avBaNiYiew mrerdryBlept uthereos esaign maihedody f or
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component;
characterizing the binding partner in the complex; and

correlating the binding partner to exposure to the flavivirus.

The present invention results from a need to develop a rapid, low cost and
straightforward assay to determine present or prior recent exposure to flavivirus.
The invention preferably utilizes an antibody for the immuno-purification of
flavivirus specific immunogenic components from cell lysate, which subsequently
capture binding partners identified as anti-dengue IgA from a biclogical sample
such as serum or saliva of flavivirus infected patients.

Accordingly, the present invention shows greater specificity and sensitivity
compared to other conventional and most currently used dengue capture IgM
ELISA by providing a platform that can specifically identify antibody (IgA)
produced against flavivirus virus or immunological relatives thereof at an early
stage of flavivirus infection. Most preferably, the method identifies dengue virus
infection.

In another aspect of the present invention there is provided a solid support for
use in a method for detecting exposure of a subject to a flavivirus or equivalent
thereof, said method comprising:




stage of flavivirus infection. Most preferably, the nethod identifies
dengue virus infection. In another aspect of the present invention there
is provided a solid support for wuse in a nethod for detecting exposure of
a subject to a flavivirus or equivalent thereof, said nethod conprising: 6
contacting a biological sanple fromthe subject with a m xture of
flavivirus specific i munogeni c conponents or an equival ent thereof;

determ ning the presence of a conplex that fornms between a binding partner

present in the bio | Rl & an f Y neci ki L enic
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flavivirus antigen derived fromflavivirus or an equival ent thereof added.

Preferably tReMHAPILIEG componeifyAgentienallynponent is derived froma cell
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cell lysate and the ng “part ner en et'ected using a detection
agent that cbimdinignzartner épexpasurgtoine flaviiruahi ch specifically binds to the

conponent / bj ndi artner conplex nmore . specifically the |IgA binding
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det ecti ngnltgé suppét. subj ect that is specific for a flavivirus or equival ent

thereof or for detecting flavivirus exposure conprising: a solid support
including a flavivirus specific inmunogeni c conponent or equival ent

thereof; 19T 5 preferred embodiment, the biological sample may be applied to a
polystyrene plate previously coated and captured with flavivirus antigen derived
from flavivirus or an equivalent thereof added. Preferably the antigen or
immunogenic component is derived from a cell lysate. The complex formed by an
immunogenic component of the flavivirus cell lysate and the binding partner may
then be detected using a detection agent that contains a reporter group and
which specifically binds io the component/binding partner complex more
specifically the IgA binding partners.

Yet another aspect of the present invention provides a kit for detecting IgA in a
subject that is specific for a flavivirus or equivalent thereof or for detecting
flavivirus exposure comprising:

a solid support including a flavivirus specific immunogenic component or
equivalent thereof; or

a solid support including a flavivirus specific immunogenic component or
equivalent thereof attached to a second support;

at least one detection agent conjugated to a reporter group for detecting a
binding partner in a biological sample that forms a complex with the flavivirus
specific immunogenic component; and optionally

instructions for using said kit to further identify the binding partner of the

complex.




a solid support including a flavivirus specific I munogeni c conponent or
equi val ent thereof attached to a second support; at |east one detection
agent conjugated to a reporter group for detecting a binding partner in a
bi ol ogi cal sanple that fornms a conmplex with the flavivirus specific

i mrunogeni ¢ conponent; and optionally instructions for using said kit to
further identify the binding partner of the conplex. 7 The present

i nvention al so provides individual conmponents of the kit for use in the
met hod of the present invention. The present invention also serves as a
met hod of assessing the relative risk of one or nore subjects being
exposed tlhef presénti inugntam allaoq:quiridaﬂ; aemdivithalr evhpandnis of ¢he didffonesk irocat i on

(e.g. geqgraphical..area usi ng estate, neans of transport or center for
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representative population within a defined |ocation; and assessing
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Ri sk anal'9&8tienyald be conducted using software in a conputer readable form
assessing evidence of exposure of individual members of a sample

population to a flavivirus or equivalent thereof by the method comprising the
steps of -
contacting a biological sample from the subject with a mixture of

flavivirus specific immunogenic components; and

determining the presence of a complex that forms between a binding
partner in the biological sample and a flavivirus specific immunogenic component
and Wherein the presence of the complex is indicative of exposure of the subject
to a flavivirus or equivalent thereof; and

assessing the relative risk of exposure within the defined location by
characterizing the binding partner in the complex.

Risk analysis may be conducted using software in a computer readable form.
Consequently, the present invention further relates to a computer readable
program and computer comprising suitable for analysing exposure of subjects or
group of subjects or a risk of exposure of subject or group of subjects to a
flavivirus or equivalent thereof.




Consequently, the present invention further relates to a conputer readable
program and conputer conprising suitable for anal ysing exposure of subjects
or group of subjects or a risk of exposure of subject or group of subjects
toa flavivirus or equivalent thereof. 8 FIGURES Figure 1 shows the

optim zation of dengue |ysate antigen using the pan-dengue nonocl onal

anti bodi es coated pol ystyrene plate. Figure 2 shows the optim zation of
ACA- ELI SA using dengue confirmed paired serum Figure 3 shows the

determ nation of cut-off point of ﬁﬁaEﬁEESA usi ng dengue confirmed
negative and positive serum sanples. Figure 4 shows the result of
conparative sensitivities of two anti-dengue 1gA ELISA techniques (ACA and
AAC). Figure 5 shows.the co rati.ve stu f iphibition due to inhibition
by hon dndgo! SHEVE the SpRRROR o eodlue e abhuer Liind dne Pau'Boellg 2

ant i - dengtienodigal BbliSAtibs ebated poRstyrbgsipRtd shows the kinetics of
anti-dengue | gA production using two ELI SA techniques and its conparison

wi th anti-dengue |1 gM using dengue confirmed - serum sanples. Figure 7 shows

the opti MEiggkl ®3nelvsSBL M SCACEL LU i.agtics of
anti - dengu‘é I'gA pr oauct idé%n?%étggul rva 5e%§§Ae§§%y &R@égﬁp@@gﬁl%’g?g 9 shows
t he conpaemmve performance of ACA-ELI SA (saliva and serum) w th dengue

| gM ELI SA (pan-bi o) using dengue confirned saliva sanples. s DETAI LED

DESCRI PTI ON OF THE I NVENTI ON The first aspect of the present invention
provi des FRigumet Bathohver theedateitningtidrg Af icat-aff point of ACA-ELISA using dengue

confirmed negative and positive serum samples.

Figure 4 shows the result of comparative sensitivities of two anti-dengue IgA
ELISA techniques (ACA and AAC).

Figure 5 shows the comparative study of inhibition due to inhibition by non-
dengue specific IgA in dengue-confirmed serum samples using 2 anti-dengue
IgA ELISA techniques.

Figure 6 shows the kinetics of anti-dengue 1gA production using two ELISA
techniques and its comparison with anti-dengue IgM using dengue confirmed -
serum samples.

Figure 7 shows the optimization of saliva-based ACA ELISA.

Figure 8 shows the kinetics of anti-dengue IgA production in saliva detected by
ACA-ELISA.

Figure 9 shows the comparative performance of ACA-ELISA (saliva and serum)

with dengue IgM ELISA (pan-bio) using dengue confirmed saliva samples.




subject that is specific for a flavivirus or equival ent thereof said nethod
conprising: contacting a biological sanple fromthe subject wwth a m xture
of flavivirus specific inmunogenic conponents; and determ ning the
presence of a conplex that forns between a binding partner in the

bi ol ogi cal sanmple and a flavivirus specific i mmunogenic conponent; and
characterizing the binding partner in the conplex with an anti-IgA

anti body. This nmethod is specific for the identification of those binding

partners in the bi opefaAGEDTHERERIPTION érFel‘llllg'fNKEN"r?ﬁEt hod may be further
of at

enhanced by the use | nmunogeni ¢ conponents t ave been isol ated
using a flavivirus specific |1gA Accordingly, the inmunogenic conponents

s Vea THEMR! 48t or EBSTiebe il AN AS ok S TRRPEb ea o A e "
bi ol ogi caubjatthet Wb sedife; Sped ffiawiviras bhesquivaidhtViHewsef baidanmsthed aspect

of the present invention there is provided a nmethod for detecting exposure
of a subj“@BP"E¥Ya dengue virus or equival ent thereof said method

conprising: contagsdiBSirmy 8 SbRAGH! aﬁgﬂ@l r !ﬁ)?e i Lt @M xture
of flavivirus specﬁ_?!ai:@i rrrrung%e(%?cs c rrpofﬁoerrr]\ttg;glge ecﬁmpﬁf%n%e presence of
a conpl eflavivius specific emuwaegenic bomgpongntspamd ner in t he bi ol ogi cal sanpl e

q 1 avi vi fic i ; : it
Bindi ng part ner 1 SCERNEHIERIBERE S EPEPRN Y CRESHRRMRL AN (o
exposur e pasntheinf |thei biolowicallGaifipde paageat flaviaosi epedifioVvinm@anagdraay
anti - den%%%ploglémd%%gct I on techni que (ACA

characterizing the binding partner in the complex with an anti-IgA
antibody.

This method is specific for the identification of those binding partners in the
biological sample that are IgA. This method may be further enhanced by the use
of immunogenic components that have been isolated using a flavivirus specific
lgA. Accordingly, the immunogenic components may be flavivirus IgA specific
immunogenic components. The introduction of the IgA specific immunogenic

components will attract the IgA in the biological sample which is specific for the
flavivirus.

In another aspect of the present invention there is provided a method for
detecting exposure of a subject to a dengue virus or equivalent thereof said
method comprising:

contacting a biological sample from the subject with a mixture of
flavivirus specific immunogenic components;

determining the presence of a complex that forms between a binding
partner in the biological sample and a flavivirus specific immunogenic
component;

characterizing the binding partner in the complex; and

correlating the binding partner to exposure to the flavivirus.
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- ELISA) which preferably targets saliva as an alternative to bl ood. Saliva
contains high levels of 1gA (19.9ng/100m ) conpared to 1gG and |1 gM

(1.4nmg/ 100mg and 0. 2ng/ 100m respectively). The techni que shows a greater

| evel of performance in ternms of detecting anti-flavivirus IgAin saliva
conpared to serum and can be used as one of the early flavivirus

di agnostics at the primary health care system where nol ecul ar- based
flavivirus diagnostic is not available. The present invention results from
a need to develop a rapid, lIow cost and straightforward assay to determ ne
present or prior recent exposure to flavivirus. In accordance with the
present ilhegresent, invdrdiosybpedes airnmdladiiﬂgngmmﬂdemcnm &chnivuen@CA and i n

articul ar ns are reene resence,, of n a ers
Dt oy abryE NS Bntie pRERY Sarbgl salvd rean. stainatie 61 ond abEMA o
bi ndi ng Rehtdey smgheléﬂely estt {gler (wdmgmrud)hﬂp EEHBAIRHS t6 URJE agnd bigiv not
limted to imunointeractive nol ecul €s. nost i nmuno- |nteract|ve

mol ecul ed1.4mo/180me 6 @@rrpﬂﬂ@@rebr%ﬁppytwmﬁ@g ieshininHe showgAg graater
i denti fiGafdy QFBQFfoWEet?h Rt 1ot ﬁ%ét{?ﬁ;&tiéfﬁabvjﬁ\g@'t% [glg?l?ﬁgiﬁlaeé/dnﬁ}%}gg té;‘;]

present or pri recent exposure avivir
equi val eserurheaneofan Baeised\asntrieonf theeearhy ﬂa!i\lriwsudiiaghasisseah thanfpribady ,

pref erabl nmonocl naI antlb apt.ur.e_ant. refe ably from a
Pl vt v, r (et PR SR RS mifcting: Baral affiuBttiagighedis el S¥ibbley vt s
| rmunogeni ¢ conponents including flavivirus particles anongst other
antigens indicative of flavivirus virus infection. In the present

i nvent i orl NenBresent invpatier resdieign) v Eéﬁ%rtps@%\’e&?ﬁnaxf%ﬁ% oW £P8tvaRA r us
| MUN0geRgyig h‘f‘i@hﬁé}d'é%%lawt?%e’c’érﬁ\‘ﬁe Ef@g.r aﬁFPﬁnﬁn@fCPaw \;fo'%ﬁresfor iRl and

non-structural viral ot el ns rus 1 nMmmunogens are
i mrunogenh @ccomipoeR mith tbe pregest Iny@altien,tmatswmts:mpmw@ afimels siuch ag an

i mmunol o n i.ndi artner in the biaological .
accor ai narmele 260 Bohar oo IRY 8RR g e Bor B8, 8isrlitk
speci fi cipaytnéfs posfeerbid [§A 1ot favivegn\wenam onplivaadst theséofc Unhiee prafymed ed
ant i body caturelg ) . . I
. binding partners are subject-derived binding partners such as, but not limited to
immunointeractive molecules. The most immuno-interactive molecules are
antibodies particularly immunoglobulin A (IgA). The identification of such binding
partners is then used as evidence of present or prior recent exposure of the

subject to flavivirus or an equivalent thereof.

The invention specifically utilizes an aniibody, preferably a monoclonal antibody
to capture antigen preferably from a flavivirus infected cell lysate, which includes
a mixture of flavivirus immunogenic components including flavivirus particles
amongst other antigens indicative of flavivirus virus infection. In the present
invention the cell lysate preferably comprises a mixture of flavivirus immunogens,
which includes virus particles and both the structural and non-structural viral
proteins. Preferably the flavivirus immunogens are immunogenic components of
the lysate that are capable of eliciting an immunological reaction to a binding

partner in the biological sample.

Accordingly, the present invention shows greater sensitivity and specificity
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( AAC- ELI SA)- by providing a platformthat can identify anti body produced
against flavivirus or an equivalent thereof at an early stage of the

i nfection. Therefore, the present invention provides a new specific, rapid
and econom cal detection nethod preferably using |ysate of cells infected
with flavivirus conprising a mxture of flavivirus conponents, preferably
| mmunogeni ¢ conponents of the |ysate described above, which permts the
specific detection of flavivirus binding partners, preferably |IgA that my
be preseniyni to%%% | ' b Eﬁ# _Aﬁerably
provi di ng re@&%@gowt i A %Hﬁ%rﬁlludt@sﬁg’ltﬁ Fgg%gﬁ%ﬁtgtngﬁ%&ﬁ }Jreorart from
i t bei ng (AASFRDISA) dycbrovidingna elatformdabancayuilentiy anfibody ipcodused gdinst
detection, one of the major,advantages of .the resent invention is the
preferr eglaﬁ'élglj% OBPnPHHWF'{ﬁnE Heregiet iecar&ljsr%%ef Bfntﬁ? ”?af%‘fﬁ'%dy for the
purification of flavivirus antigen fromcrude cell |ysate and detection of
anti-flavivirus | (h;A fromsaliva. Furthernore, the present invention nakes
the testlingefRrgyng rsesesnt dnveatignLrovdend nRewispenfieximpidArd gcoramicaliengue

| gA pr esefafetioh SBlefdRaBly $RlrgY dysald" t e Rbifuand

cl ai ns of t%citls speci |cgtion,ﬂ’use gf ¥?1a-e[é]v\§fg%n'gc6¢frggfe§e%2n@%g??§tions of
t he wor d,copuxisings a coriyguiesi oy flavindrusc cspmperesits, ipseferaidly | immodegenio excl ude
ot her addjtiyV c A rs . or steps. Flayiviruses, The term
v vt RieERR g SRR)THE nesChEA BaR, PR berbi iy HoodifE oaBEiod o fon

i ncl udﬁ; dfhffmvﬁ}imi Mgdir@aﬁar&m,lhpreiérdbllﬁ‘ggﬁ(ith&lsﬁﬁayi F?Imdéaﬁ hhief ’Eje@téi virus
genus i C cause disease in humans and | s generall|y transmitte y

art hr opodS"EGcH 4% Sallﬁﬁ%*qi-h?of@? %daP'idc@?feW\th APV Ersdits cWiiRsPDi e for

di seases mgiHGlesast BB RPperbiufe (RY). taffrokFit %B%r?lg-sirﬂ_ﬂ% SRLCoRRBnknt
h K the g h eno

flavi viruses which nake ‘up ehus ave d strated sone conservation

of sequeriedyiigue forespreificegniiknslyadetection, neneaof dhe dopienedvardages oftike vi r uses

| nel uded drledrBSaARABE iOfhel draihbh K88 of BT HAC s Pk @hidnBebnk! dRthBEy t © YF

virus, dengue Vvirus, Vi'rus an VI rus.
for the purification of flavivirus antigen from crude cell lysate and detection of

anti-flavivirus IgA from saliva. Furthermore, the present invention makes the
testing highly sensitive due to the maximum exposure of anti-dengue IgA present
in human serum or saliva.

Throughout the description and claims of this specification, use of the word
‘comprise” and variations of the word, such as “comprising” and “comprises”, is

‘not intended to exclude other additives, components, integers or steps.

Flaviviruses

The term “flaviviruses” or “flavivirus” as used herein the claims and description
includes the Flaviviridae family of flaviviruses including the flavivirus genus which
cause disease in humans and is generally transmitted by arthropods such as
mosquitoes and ticks. The viruses are responsible for diseases such as but not
limited to YF, DF and JE. The species of flaviviruses which make up the genus
have demonstrated some conservation of sequences at the nucleotide and
amino acid sequence level. The viruses included in the genus of flaviviruses

include but are not limited to YF virus, dengue virus, WN virus and JE virus. Due
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to simlarities at the nucleotide and am no acid | evel, these viruses nmay
show simlarities in antigenicity, transm ssion and di sease. Mbst
preferably, the flavivirus of the present invention is dengue virus.
Dengue viruses The term "dengue virus" is used herein the clains and
description refers to all dengue serotypes (Den-1, Den-2, Den-3 and Den-4)
associated with a dengue infection. Preferably, the present invention is
applicable to detecting dengue virus infection or exposure in any subjects

| ncl udi ngo hyypRLy 0L AT ESHIEELY Hifino | AP IGARE HodD LS, midybpubi ect s,

however, ‘are prererred i n accordance w e present 1nventl wever,
t he i nversimitaritiesc irudadigenicitg ulifemsmisdion amh disesggonbllosb mefarabilgcttheon or

I muni zat '@on. bé e den?cme Vi r.us .o(r:i an eoiui val ent thereof. A dengue virus
i s defi nd@viylt OBEWHQ PREMGRIH IGNIYRVIEShsi sting of envel oped particl es
of about 40-50nmin dianmeter. The viral genonme is approximately 11kb

(Stollar et al, 1966). Mature virion consists of a positive sense RNA
genone er{8NgY8dINGYeaNn i sonetric nucl eocapsi d. The genone encodes a single

. ¢ C1 i . . :
oFr Uct ur oG Benfle WG s dotePnBioh B3k ififs SF8Cudkenblin Fiers IDBFEC Ly
(NS1, NSzngne sE8fppedNE3en-NSLenshdDals8bandNEEn-4)r adseciaied Béthgaelenguals i s

t i tt t h the bit.es.of infected I Aed

oot ot IR, R RS LR 1o RERE el SO ToR ot ach ana
whi te, hiiglabordenesposias af ahy GbRRts MR BuiBal neh-BLRTH Adimadyahd s eggs

in artificial containers found_ in and around hones that nay hol d _water
such as |BRRIRIONE animfellunasesubigds oo valade Piefitad epecor e t

nNDSQUI t 0§fe ?r@%eﬁtafn%bfﬁd?f?t HEREVAULHRE qﬁyeﬁtgﬁy irléﬁdﬂ%tsl Xny Ps%bjrgcf‘ tﬂ@tr Sa:‘\ ndoor
sites, are uUnobtrusive and preféer to feed on humans or aninals during the
day | i ghtresgandsto antinfestien dsiitrinmgnization by ttye cleogue ivirgsi or amegaivalept nor ni ng
or late q;]ér%rpoon (Gubler et at, 1992; Newton et a/., 1992). The fernale
nosqui t oes P& nervous feeders, disrupting the

A dengue virus is defined as a group of RNA human virus consisting of
enveloped particles of about 40-50nm in diameter. The viral genome is
approximately 11kb (Stollar ef al, 1966). Mature virion consists of a positive
sense RNA genome enclosed by an isometfric nucleocapsid. The genome
encodes a single open reading frame of about 11000 nucleotides, coding for the
three structural (C-Capsid, M-Membrane and E-Envelope) and seven non-
structural (NS1, NS2a and NS2b, NS3, NS4a and NS4b, NS5) proteins.

Dengue virus is transmitted to humans through the bites of infected female
Aedes mosquitoes, principally the A. aegypti mosquito. This is a small, black and
white, highly domesticated fropical mosquito that prefers to lay its eggs in
artificial containers found in and around homes that may hold water such as
buckets, flower vases and other water containers. The adult mosquitoes are
rarely noticed outside; they usually rest in dark indoor sites, are unobtrusive and
prefer to feed on humans or animals during the day light hours, with most biting
activity occurring in the early morning or late afternoon (Gubler et al., 1992;

Newton ef al., 1992). The female mosquitoes are nervous feeders, disrupting the
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13 feeding process at the slightest novenent of the host, thus returning to
the same or different host to continue feeding. Because of this behaviour
the nosquito often feeds on several persons during a single blood neal and
if infective may transmt the virus to nultiple persons (Platt et al,

1997; Scott et at, 1997). Such behavi our has been used to explain the

epi der nol ogi cal observation that dengue diseases occur mainly in children
al though in certain places, like Singapore, this my have changed due to

bi 16 of Jedil BEERSE o BRISMER ATEGR Rt timafiiilo i Reisiitd b £°
i ncubat i @n difesrient! host & tontifliedfaetlincn VBes@@8e Loft his/ bdlaa{\m)umfh‘eemdwultdﬁ t he
per son O?gpg)%gerl ence acyte onse of fever acco

Pon: apec et TBedk, A8 Seara Hom G ReauTig P iy din G eghPed JUnRSdve WFREh rmay be

bet ween Zrahemit thé%ﬁ% té Iﬂﬂllf{ﬁlé%ré‘dnrsc(P'Iéﬁ 88all mgéfleséﬂtp@ﬂaiofwgw egy@l humans.
| f an uninfected Aedes nosquito feeds on the durlng thi's viraem c

period, tehaviaushas beemused beexplein thafe@eﬁeémomncaf Ohﬁewmltbrgﬁtabﬂ?n@l#@ rinsic

i ncubat i t to
transm t iaS5h ARel B By iR BunddprrBiiedtei HRBRRR Stiadfo i Oyl
humans ameayt hevesihangeg|dukytongdhptatisn fiorveche sonts mésdweg fOobktidil.es show

t hat mnéﬁﬁi can get infected and perhaps serve as a neans of

anplific h for the virus (Putnam et at, 1995; CGubler et at, 1976; WHQ,
Fact sheets, 2002). Dengue virus infection causes a spectrumof illness in
humans de end| ng on the infecting virus, the host's age and i mmunol ogi cal
condi t i om@lowingnifie bitsupk anninfealiyapiasmale i mopauittestheoyirusa Mgesrgoesnamn

ol 1 ol A 4 Y R0 4E) ek 1
O gani zamemmmyssadpeupnﬁ acmtercnset of fevee agcmipagedfbyt ttber penv-epedtific of DHF.
There ar esidcn%uermoggy?mg oms E?urlng thlsy wraen\{\lllg perlogr(\?v%ch may db %gﬁ 2I t\c/> 7
days) the virus circulates in the blood of infected humans. If an uninfected Aedes
mosquito feeds on the host during this viraemic period, this mosquito will become
infected after an obligatory extrinsic incubation period of 10 to 12 days. It would
subsequently be able to fransmit the virus to other uninfected hosts. In this
transmission cycle, humans are the main amplifying hosts for the virus although
studies show that monkeys can get infected and perhaps serve as a means of
amplification for the virus (Putnam et al., 1995; Gubler ef al., 1976; WHO, Fact

sheets, 2002).

Dengue virus infection causes a spectrum of illness in humans depending on the
infecting virus, the host's age and immunological conditions. It may result in
asymptomatic iliness or ranges from an undifferentiated flu-like illness (Viral
syndrome) to DF, to DHF, and the severe and fatal DSS (Nimmannitya, 1993:
WHO, 1997).

The World Health Organization has set up standards for the grading of the

severity of DHF. There are four grades of severity of which grade 11l and grade |V

are considered to be DSS.
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are considered to be DSS. 14 Grade |: Fever with non-specific
constitutional synptons, and the only haenorrhagic manifestation is a

positive tourniquet test and or easy bruising. Grade Il: In addition to
the mani festation in grade |, spontaneous bleeding in the fornms of skin or
ot her haenorrhages. Gade IIl: Grculatory failure manifested by a rapid

weak pul se, narrow ng of pulse pressure or hypotension with the presence
of cold, clanmy skin and restlessness. Grade |V: Profound shock with
undet ect abl e bl ood pressure or pulse (WHO, 1997). Classical DF is nore
common in older children, adolescents and adults, and they are less |likely
to be asyrpti@iat i cFé&ramithehonatspecili® 96gnstillitRnke\wymptemabrandt then dnlys  onset
wi th high fever, headache,,inca‘ﬁcitating nyalgias and arthr&lﬂias, nausea
vomi ting and macul BRCTBPTRAGIE MEATISSIakPN i 8 Ipop B PvraIUet st Rnd ShESHy or
usual ly lasts for pnfsifitys and sonetinmes can fol l ow a biphasic course
(Saddl e back appearance) (N mmannitya, 1993). DHF is primarily a di sease
of the younger children below 15 years although it nay also occur in

adul ts apgd_.is;main i ' 2cond e | nf ' . ( Sumar no
ot at. 108 gy MInABRRF| PR e B e TR anedU e g

def ervescence, whethetfbang efrpkin ar otreerthaenoedages.nal . The major factors that
determ ne the severity of the illness at the tine are plasna | eakage due to
the increased vascular perneability and abnornmal honeostasis and ot her
common  lwEms Nhagi cirB@Btdre $Aikirk tRanitdstRl BRlLapiPReaR Pukd, irfaricdshgps. and
ecchynoses. These synptons plus a positive tourniquet test are hel pful for
accurate di agnosi sPulge FIDP‘FSl{f%IWPOE)@S}OMWB)WQB)FGSGHCG of cold, clammy

skin and restlessness.

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

Classical DF is more commeon in older children, adolescents and adults, and they
are less likely to be asymptomatic (Sharp et al., 1995). The fever is abrupt in its
onset with high fever, headache, incapacitating myalgias and arthralgias, nausea
vomiting and macular or maculopapular rash (Waterman, 1989). The fever
usually lasts for 5-7 days and sometimes can follow a biphasic course (Saddle
back appearance) (Nimmannitya, 1993).

DHF is primarily a disease of the younger children below 15 years although it
may also occur in adults and is mainly associated with secondary dengue
infections (Sumarmo ef al., 1883; WHO). The critical stage of DHF is at the time
of defervescence, when the temperature becomes normal. The major factors that
determine the severity of the illness at the time are plasma leakage due to the
increased vascular permeability and abnormal homeostasis and other common
hemorrhagic manifestations like petechiae, purpuric lesions, and ecchymoses.
These symptoms plus a positive tourniquet test are helpful for accurate diagnosis
of DHF {(Gubler DJ., 1998)
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DSS is the term nal stage of DHF and is mani fested by hypovol aem ¢ shock
due to plasma | eakage (WHO, 1997). There are four warning signs of DSS:
sust ai ned abdom nal pain, persistent vomting, restlessness or |ethargy,
and a sudden change fromfever to hypotherma with sweating and
prostration. Early recognition and appropriate treatnent by experienced
hospital staff can decrease the case fatality rate of DSS to 0.2% but once
shock sets in the nortality rate can be over 40% (N mmuannitya, 1994;

Ri gau- Perez JG et at, 1998). The E protein, the largest and the only
structural protein exposed on the surface of the virus, is the major

protei n IDBPiyER@ teminaNbiage QFIDHF ahgas hatfesRddy MpovbRERIS Shodk ded Ny,
haemmaggl uti nati on and neutralization. Infection in humans by one of the

ser ot yped0 plasinaiieskage &VHshd SOmidiers affoun aaraies signsefhinS givsipinatenpor ar y
protect | aBdafflaShaif! BEFIERCLdRRTy, TBEIUALEOR) ARl Sadd! & Widgar r ounded
by lipid contalining the envel ope afnd nmenbrane proteins. In addition to
envel ope chadge apeind fpyvest dondypotbagoia wiithu sswéaiings eanen prostrationucEanal

prot ei ns 1, .NS2a. . NS2h. . NS4a, . NSAb and  NSH.. ivalents The term
"equi val é%'%g“}}?"u%%ddaweﬁ'#gim"asm g e eSS federse

i nt ended the@casictatalry ritgiof @SSR €0 Bt drivrisHoRR setd ifithe ittt fatedEarsi M | ar
response, that 4@%&&“ avivirus or a structural or non-structural protein of

the fl avio@iqves mmanneya., 19997 RigasrBekez Y& atidbud®¥it i gens expressed by
the flavivirus at various stages of infection or various virus particles
or fragnents nmay cause simlar effects that the whole virus causes. The

r esponse TgyE peotain, therangesd ginddhe anfisptounteral ponieiol éxposed ondbpseudage or it
may be an;i I Lous,re S li.ni cal , .response) .or .tQ vagccjnation.
Beposur o O HeESL KU RRIGC R P i IRBRESRyiceL rEaich LRBoatre to
t he fl avirsgapter bindiag, haemmagglutination and neutralization. Infection in humans by
one of the serotypes provides life long immunity to that serotype but only
temporary protection against other serotypes.

The nucleoplasmid is in turn surrounded by lipid containing the envelope and
membrane proteins. In addition to envelope and capsid proteins, dengue virus
has seven non-structural proteins NS1, NS2a, NS2b, NS3, NS4a, NS4b and
NS5.

Equivalents

The term “equivalent” as used herein and applied to the flavivirus virus is
intended to include similar molecules that can elicit the same or similar response
that the flavivirus or a structural or non-structural protein of the flavivirus could
elicit. For instance, various antigens expressed by the flavivirus at various
stages of infection or various virus particles or fragments may cause similar
effects that the whole virus causes. The response may be an immunological
response (non-clinical response) or it may be an infectious response (clinical

response) or due to vaccination..

Exposure
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equi val ent thereof. Exposure may be present or prior exposure to the
flavivirus or an equivalent thereof. Preferably, the exposure is
sufficient to elicit an inmune reaction or response in the body so as to
i nduce a binding partner in response to the flavivirus or equival ent
thereof. Once the subject is exposed, the nethod of the present invention
may be applied at any stage of exposure as described above. Preferably,
the nethod is used to detect exposure where there are no signs and

synpt ons i nfection r ef er abl A t he

et hod adiBareRE B @ tardioat i ddising HRebu i RERTEler i ect i on
at an e@thamtl%réﬂaE&péwre&ﬁ&\Dbd@li'e’sermbﬁptmroékg@kuieaﬁo&hé¢I@Vl&|r6§@Ence

- stage of _exposure to flayvivirus or equivalent thereof for the primry

i nf ect i ofNoPIUIVRIBRY EfdnPrefagbey Sor WEOW? ip GUfigiend i aligihiancigimunge g
flavivi ”l‘éaéﬂ'(bhed‘rtrle@ﬁbr%% m@ﬁ%%@éf’ s8/44N® |Hﬂuc§-}\’é”g¥rﬂ@ P%{nér in ﬁ\ééﬂong@’t@e a
in ref era

response so as to induce a ng partner response is an
i munol odhe davivieep on squivaient thearpet tOmeytheasubjdnd ds ewqm&ﬂedhe odthedvofi rus but

need not i.nfection. .The present net. detects
exposure tﬁ%i’t%ér%gqﬁ\é rg%%n%ta?nés %pph%?&t e}?é(ystﬁ‘ﬂ%|°€a?’&°°§ F‘Se"ﬁ?&EE‘? wi th no
synpt ons amanef Pedferhbly, rihelmrethed nen&edOtro dj@teumekmmuealwrfeeé RIEI®EardNNG | Mune
response” "i mmunol o | response” t,,l derstaood to b%ﬁaf, %el ective
response Sieisneeq) SWPECH'g thatAE Sbvielm ofra Jvivites dntestion, GeerRblY, peRific
anti bodi @getabd fde?éﬂi?%&ﬁoﬁfreaéftﬂ‘le%ilb?&tad?cg Pﬁaﬁ’hp?@%\/ﬁuscﬁ{fecﬁ igh & & oduced

agai nst invadi ng pat hogens and anti gens are recogni zed as foreign in
the bodgarei agitagphase rfer SHe @n%armdlni@ctmr onlate s:oam!emrmnstag@r ofel | that

i s produgy t u ra.eq n e
Pr ef er abl QBO@%% Egngé\ﬂ\gr%ar %&uf@?ﬂﬁ g’r#é%fugop thg Bh}{%ﬁ)& Infééﬁ%fll ?/’F activ
f ragnment vtabematnclin The axp@ﬁune aRay méldlwayﬁhmalmfestl mga fIa&Mmennﬂenttd:mdes an
i muno- i nt ctive n interact wt avivir 7
NoRded bRk v b &t indi
able signs or 2 symp oms ut It will cause a response so as to induce a binding

partner. Preferably, the response is an immunological response.

The subject may have been exposed to flavivirus but need not show visual
symptoms of the infection. The present method detects exposure that may lead

to infection or may indicate prior exposure with no symptoms manifested.

Immune response or Immunological response

An “immune response” or “immunological response” is understood to be a
selective response mounted by the immune system of vertebrates in which
specific antibodies or fragments of antibodies and/or cytotoxic cells are produced
against invading pathogens and antigens which are recognized as foreign in the
body.

Binding partner

The binding partner is any molecule or cell that is produced against the foreign
dengue virus or equivalent thereof. Preferably, the binding partner is an antibody
or immunologically active fragment thereof, or a cytotoxic cell. The binding

partner includes an immuno-interactive molecule that can interact with a flavivirus
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antigen or equivalent and is preferably an I gA nol ecul e. As indicated
herein, the preferred binding partner is an inmuno-interactive nolecule,
whi ch preferably refers to any nol ecul e conprising an anti gen bi ndi ng
portion or a derivative thereof. Preferably, the i muno-interactive

nol ecule is an anti body agai nst any portion of flavivirus proteins
produced during a hunoral response in the subject of a flavivirus virus

i nfection or exposure. As indicated herein the preferred binding partner is

an anti bod ; Eﬁr}oduceda'&n th@. Sugtjd'eﬁlt tq ?\ fllavilvi rus or related virus
conponent ZIERRE FaHValent and is Brefepbly an 1gA MRIREUIEar get ed anti body may al so
be used. An exanple of such a binding partner is an anti-idiotypic

anti body or an antibody specific for and discrimnatory of a subject

ant i body Apdedieateds berein.t ey iefelsd obindibapadne isirec dppeneritteraciye ysed
her ei n, ' i pnel ' j P ' whi ' 0.t he
speci fi ng%[[e?gltghvd&% r??i‘l&rﬁgg %PI? g&tﬁg%g? %E@]ﬁkgﬁ%ﬁégﬁg&rﬁ Ig@%rﬁﬁﬁrr‘%@%onse to
exposur e pastien oo aptEmvativel thereefd Preforably, dhvé iimusoonterantive shalgeuwalis ael at i ve

t her eof . ~used herein, the ter “anti body” or "antjhodi es” inclyde the
ent! re. aftTBGAY SaRE At baohratmdAfls Bofvins Hragite iaha hydblons

t her eof . rébporiserimihé aubjebiosha flavidtusdatisantectiimesegsdsute: or bispecific
conmpound conprised of a sufficient portion of the Iight chain variable

regi on and/ or the heavy chain variable region to effect binding to the

epi tope t T i 0 g - e 1F ragnents
can i ncl u@seﬁaﬁ@%%?iggégﬁghfg?%ﬁgg% gtﬁf gggﬁgjolggarhggt\wdgr&b?%geﬁt Ih?néi n

i munog! cispeat tpalflaviiusde relaitetl vinel cereporeits.aiewensr, a ibiridingipatnerrdb

f ragment E(ah, Fv fr nts. Preferghly th ndi ng

par tner o GBI BAV I aisB BRalste) VARSI s g BRRRIR et o or
a dengue drgAntidietypice anfiBody oF i @atibsdymebecifit dormeindodisofiminatorpr éfsant

i nvention detects exposu to the flavivirus or
subjec anﬁboa())o specEfﬁ: fora ﬂavw];rus or related v?rus componenis.

As used herein, an “anti-idiotypic antibody” is an antibody which binds to the
specific antigen binding site of another antibody generated in response to
exposure to a component derived from flavivirus or immunological relative
thereof.

As used herein, the terms "antibody” or "antibodies" inciude the entire antibody
and antibody fragments containing functional portions thereof. The term
"antibody" includes any monospecific or bispecific compound comprised of a
sufficient portion of the light chain variable region and/or the heavy chain variable
region to effect binding to the epitope to which the whole antibody has binding
specificity. The fragments can include the variable region of at least one heavy or
light chain immunoglobulin polypeptide, and include, but are not limited to, Fab

fragments, F(ab"), fragments, and Fv fragments.

Preferably the binding partner is an antibody. More preferably it is a flavivirus IgA
molecule or a dengue IgA molecule.
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equi val ent thereof via the use of a biological sanple obtained froma

subj ect having been potentially exposed to the virus. The bi ol ogi cal
sanple may be any sanple fromthe body that nay contain a binding partner.
Such bi ol ogi cal sanples may be selected fromthe group including blood,
saliva, cord fluid, B cells, T-cells, plasma, serum urine and amiotic
fluid. Preferably, the biological sanple is serumor plasma. Most
preferably, the biological sanple is serumor saliva. It is also preferred
that the anple is obtained from subjects suspected of exposure
to a flaéﬂ@?9%§5@3”8§o|ogica| sanple may al so be nodified prior to use,

such as Hhedimethodrof e ipféseat i iaverttfony deteats xbasiireORs thé efidvivifuggat i on and
the like. According léb’ a biological sanple may refer to a hom)genate

| ysate oreauvalent dherspb yig the \U?%rﬁfaﬁ M@@C@r @%[HP*@WH?"”&dsfu‘Eﬁ‘e@ sypiect s
t f t f. It
i ssues, h‘é@inpsbe%rn ﬁ&@ﬁl‘?&lﬁﬁxgg@@ﬂ kS rthé’(l\rgs.n'flgéﬁ%nbgbécéﬁ sgﬁfgqé Rihy LA

shoul d be nof'ed that a bi I cal sanmp evol d of & binding
par t ner tshwle grom nther body whath nidyavioniainusa duinding gepurinesl Swcht bielogisal Thi s

occurs h u not ., been ex ed to flavivirus or. a

cqui val enemeiser 5% S8lec BRI B PRUS Biorua Saivl Bef el 8 o
forns betcmrrr-aells pikighga, pwrmmewm@ anti hembiotd ﬂlidcafbref@réblyetr@ﬁof@gfdaaVI Vi rus
specific i no eni ¢ congénent yield a zero result as a conpl ex

cannot f S’F‘mﬂ%'st PIUHHRE REEMEY MOﬁHPFﬁje’ﬁé’M N Siological SAMRI ISTEGTUBE Oper f or med

w th flaggyg us specific i munol ogi cal agent such as a nonocl onal antibody
designed to conpete with binding partners in the biological sanple.
Reference to a biological sanple being placed in contact with a conponent,

Choul d bltiaakl GERREHEE ROABRIREL sBiheld § LETHER'BH! fioc slbosifed ne' °

i nteract |otb|exp®sfuremceadlavmlme Ammmglealrﬁmm;aetmawalmIbecrud)@ﬁed)bnbm uzieol ogi cal

isﬁ][“e)l:te i \(/)mﬁ%gtﬁ %(?e Y é? onep[r&tﬂggerltlegnegfl var¥o fractlons ceXtrl?ugatlon and 11(I1'1ef |{k%m
Accordingly, a biological sample may refer to a homogenate, lysate or extract
prepared from a whole organism or a subset of its tissues, cells or component

parts, or a fraction or portion thereof.

it should be noted that a biological sample might also be devoid of a binding
partner that can interact with flavivirus or an equivalent thereof. This occurs when
the subject has not been exposed to flavivirus or an equivalent thereof. Hence
“determining the presence of a complex that forms between a binding partner in
the biological sample and a flavivirus specific immunogenic component” may
yield a zero result as a complex cannot form in the absence of binding pariners.
A control may be performed with flavivirus specific immunological agent such as
a monoclonal antibody designed to compete with binding partners in the
biological sample.

Reference to a biological sample being placed in contact with a component,
preferably an immunogenic component or its immunological relative thereof
should be understood as a reference to any method to facilitating the interaction

of one or more immuno-interactive molecules of the biological sample with a
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flavivirus or an equival ent thereof. The interaction should be such that

coupling or binding or otherw se associ ati on between the

i mmuno-interactive nol ecule and a specific imunogeni c conponent of the

| ysate derived fromcells infected with the flavivirus or an equival ent

t hereof can occur. The biological sanple is contacted with a m xture of

flavivirus specific inmmunogenic conponents preferably derived fromthe

| ysate of cells infected wth flavivirus or equivalent thereof. The |ysate

provi des yj ' i C nent s, t.h may .h rovi.de I he

Pl avi vi r eoMeBneh{BIIEREN, br o 85 ARGt ishilid Poh{ 1BReBedey e Ml 2 on

st ages offlafivius vr ansquivhieit tieneofaMhe hitdiaction ehedldWeysuctAhgtesouphtl br om

previ ous ﬂiague infection is gne of the indications of either secondary or
|

pri mary PINANG PF gherise @ssaratiePeiesndihy imeuneriataragiveymelgeule@sdimt i on” of
a_compl expBefufhriog8 Gormbadri drUifie SRRL iderivbaMEIP RN fnecRERAREN!
preferably an i munologi cal conponent of the lysate. Cell Lysate The |ysate
as used ithe fladvipisegrean equivalani thargof cpnetewrabl y purified by i mmuno-
purification using flavivirus specific nonoclonal antibody. Inportantly,
the lysate is a mxture of conponents derived froma cell that has been

i nfected e thidogithla\damples isorcoptpoted! @itk thetfiglke dhdladvivias e specific ef err ed

source of the fl avivirus ecific.i nogeni ¢ conponents. However, these
componentETHEPIBRCARTIET PR HEANGT TG B8 Voatsoal celico Moo
conveni eRfittAsialitRud Ysrab§uivarRnPiRMelE ThEayeaE! pRYIdANirdetmBRoskiied by the

virus and which can elicit an IgA resgonse. When a subject is exposed to
flavi vi r #dmpoRentsodhatr @aa e rpvided aby ythee flaviwiruseat \Anyustageniof gauses a

chai n of ner al.J i ' [ ' I . to the
pl et hora Q%ﬁ@hﬁ%@n@ glreeéé'ﬁ\%&f‘ﬁaagﬁ%‘* fﬁ'faa@élgv?fﬂﬂé{?@'rrl?%ﬁr?fgétmr{??@np 8yt her eof .
The | ysatpeefefakihhinfpderhsst fromveravioos dengud enfedtioni is @tefof dine émijcations o of

(F:)rele:c Zr ;B?e;'/thég ﬁ%@%ﬁi@?ﬁgp &i%?ﬁﬁ%v%é Pnfé&%nf éﬁacy %ﬁfls rr#e?y 8erz detsited’ Ls %et her eof .
formation of a complex between it and a flavivirus specific immunogenic

component, preferably an immunological component of the lysate.

Cell Lysate

The lysate as used in the present invention is preferably purified by immuno-
purification using flavivirus specific monoclonal antibody. Importantly, the lysate
is a mixture of components derived from a cell that has been infected by the
flavivirus or equivalent thereof. The lysate is preferred source of the flavivirus
specific immunogenic components. However, these components may be derived
- by other means. The cell lysate is the most convenient as the lysate can provide

the earliest antigens produced by the virus and which can elicit an IgA response.

When a subject is exposed to flavivirus, the body reacts to initially remove the
virus. This causes a chain of events generally manifesting in an immunological
response to the plethora of antigens presented by the flavivirus or an equivalent

thereof.

The lysate of the present invention may be obtained from any source of cells that
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are cells infected in an in vivo culture with flavivirus or equival ent
thereof. Any type of cell nmay be infected. Preferably, the cell type is
capable of infection and culture of flavivirus. However, it is preferred
that cells capable of producing high titres of flavivirus are infected in
accordance with the nethods of the present invention, including, but not
limted to, continuous cell lines conmmonly available (e.g. Vero cells
(Vero-PM strain), CVv-1 cells, LLCM2, C6/36 and AP-61 cells), primry

cell lines chas tal . Rhesuys .| un FRNL - ells, -BSC- and

o o Ry e IR Byl oL BBy B, PRI b Rl |,
al so en\&réﬁ@l@m@btédm 1 BOAVS cllfivg WithGTaviviios 3 egqlivAlenbthefdfl s are infected
with flavivirus or equivalent thereof. Mst preferably the cell type is
C6/36. Cells may be cultured for any period preferably for a period which
all ows t rably,
the cell Zﬁgr%bgyf}%{e );E%?ﬁ &ghcgfég%%? P\%}" ytb% ;Q%agagygﬁgﬁn@%ﬁ@ﬁe cel |
culture tandrcaiﬂwe ntifladvirusyy Hovéves, it umpafenreah tieeit ctefie capalbls dfrprodhacinge! | s. At

this point he s .y he avail a 0 the kllled

o eboetiondifis &1 hiflRard fueddin AaRnfE wif T FRinER i the ptéSat or ent

such as ifvention, nﬁcrmmdmuuﬁeﬂnm@ultdl@@tmeué el mﬁewarmﬁorﬂpgsaume af f ect

t he |nnu3 %e§§ tR? flavivirus _or equivalent thereo i nactivates the
g Upyerg eellss(Ve

live vir re- Pé%w@w)bgvabﬁe%.%M%&%ﬁf%@]emfsf’a%cm; cont ai n
a mxtur%nma | de! linds "SI SE el ‘R?@%Q?Eiﬂﬁ& \A;Rﬁm'd‘éqsssw& Weld, a@gr e

non-structural virus antigens as wel e virus particles.
dengue viMRE-3 kel oralunyan shipleict Gbroblasts. A treompricationi o CeltitypgsDENIIS0 2, 3 or

i xt or e oresanel e Mesdt bR, XaR8, & a1 Gl b HiRgRla arot 1n
r esponse flavivirup os sgeivhlent therddfaMoyi preferably aive egliiypeli€C6/36 her eof . 21

Preferably, the flavivirus is a dengue virus. Mre preferably the
flavivirus or dengue specific imunogenic conponent is a

Cells may be cultured for any period, preferably for a period which allows the

flavivirus to establish and infect the cell. More preferably, the cells are cultured

untit a cytopathic effect is apparent in the cell culture thereby indicating active
infection of the virus in the cells.

At this point, the cells may be lysed by any method available to the skilled
addressee. Generally, the use of a hypotonic buffer including a detergent such as
Triton X may be used providing the lysing buffer does not affect the immunogens
of the flavivirus or equivalent thereof but inactivates the live virus particles.

It should be appreciated that the lysate will contain a mixture of viral
immunoegenic components including structural and non-structural virus antigens
as well as whole virus particles. For the dengue virus these may be selected from
the group including DEN1, 2, 3 or 4. The present invention seeks fo provide a
mixture of antigens by a mixture of binding partners that are generated in the

biological sample in response to exposure to the flavivirus or an equivalent
thereof.
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structural or non-structural protein of the flavivirus or dengue virus.
More preferably, the structural protein is selected fromthe group

i ncluding G Capsid, M Menbrane and E- Envel ope proteins, which may be
captured by anti-flavivirus 1gA Mre preferably, the non-structural
proteins for the dengue are selected from the group including NS1, NS2a,
NS2b, NS3, NS4a, NS4b and NS5. The |ysate nay be processed in any nanner.
Preferably, the lysate is clarified to renove nuclei and cellular debris
and whol g f L Vi articles. The lysate nay be aliquoted and stored at
-80C forﬁﬁﬁ#ﬁ$g%Jé§%aEWFu?ﬁ%aQQWﬂﬁ%WU¥¥us previ ous met hods used specific
dengue antigens DEN 1, 2, 3 and 4 (present in the supernatant of dengue
virus infected cells) to detect antibodies_ indicative of dengue virus

i nf ect i onVOROEIRIRDIY tthe Tiavadus(or dRnave ShecififolbamuBegaltt epyIPQERNt et e
antigens s%_btuﬁ‘ai”bﬂMrﬁ?ﬁ&ctﬁ%ﬁ%r&ewsof i q‘%\!{'i\ﬁt?;fz' anaé%gaasvme g inthe
flavivirus infected cells, i'ch may contain aviviruds particles and

ot her i mpieieraiy.dhe stwstisaleprotein ps eklectad fromstheugroup ancladidg bGapsiduct ur al

protei ns),,agal | C nt i baodi es.devel. in the course of .flavivirus
bxposur o M B R EEIBR R BRI R rie) £ ot BF Rl BN § T - om
lbytsat e a{iglA.t Mere ilsﬁeﬁe_brabiypfﬂe S ytaie pﬂ:{téi&@?@?ﬂé@lehba% afe ﬁ@ﬁ@xﬁqﬁé form

etween the viral inmun n onents o e lysate an e bi ndi ng
partner d %Qéﬂ%’éﬂdwwﬁw%%iw‘ NE4aINS4pard MPabl y, i mmunogens of
the flavivirus particles, including but not limted to those of the

structural and non-structural proteins captured by anti-dengue |gA wll
f or m conpihed¥satairnay be Mieeasspdin asy snanner dfrefersbly, thehigsatpde clarifeditmdi ng

e e R N R R
exposed/ ihemligupted drm dtheedd=tn80¥C forfuisire d8e.For mat i on of a conpl ex A conpl ex
will form between an anti body, preferably an I gA for the dengue virus
For the dengue virus previous methods used specific dengue antigens DEN 1, 2,
3 and 4 (present in the supematant of dengue virus infected cells) to detect
antibodies indicative of dengue virus infection. However, the present invention
does not solely use these antigens but a mixture of flavivirus
molecules/immunogens (present in the flavivirus infected cells, which may
contain flavivirus particles and other immunological components, preferably
structural and non-structural proteins) against which antibodies develop in the

course of flavivirus exposure.

The flavivirus specific immunogenic component is preferably from lysate and the
biclogical sample is contacted so that a complex may form between the viral
immunogenic components of the lysate and the binding partner contained within
the biological sample. Preferably, immunogens of the flavivirus particles,
including but not limited to those of the structural and non-structural proteins
captured by anti-dengue IgA, will form complexes with binding partners.
Preferably, the specific binding partners are antibodies or fragments thereof
derived from the biological sample. These will only be present when the subject
has been exposed/immunized to the dengue virus.
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or equivalent thereof and a flavivirus specific/or reactive immnogenic
conponent. The nethods and kits of the present invention seek to detect
conponents and binding partners, which form conpl exes and are indicative
of a flavivirus infection. These conponents and binding partners are
generated in the course of a flavivirus infection. The conpl ex may
conprise one or nore binding partners bound to one or nore conponents
derived fromflavivirus or an equival ent thereof. However, not all will be
flavivirus specific IgA. O her nolecules such as 1gG and I gM may al so bi nd.
The bi ol ogical sanple is left in contact with the conponent derived from
flavivi r jpmlioRbr 8¢dpixent thereof for a period of time sufficient and
conditions, which allow the stable formation of the conplex or

al t er nat iA 6pgplextilliforn brtwean a@ Brtiedyo preferabhinpe1gA fardhe dengee yijieal agent
Such a8 ool Aianal o a0t hogdeh.¢ MeBandBP TRk % RBSSHS | ¢

I nmunogeni ¢ conponent's and 7 glcal 78" atE“"%n So that a
conpl ex raymdoment.bet ween the conponents and a binding partner present

wi thin the biological sanple. Preferably, inmmunogens of the flavivirus
particles, including but not limted to those of the structural and non-
struct ur athePaetiidasamy kit ohiphey p?t%étnwrﬁién%n aRkkth| dbtdat] donspdrieftdand ng. an
epi t ope speC|f|c to flavivirus, will form conplexes with either binding
par t ner s kding pRAiRess. Mdich domoi ¢Qf§pI§pse$:| ant aremingisabye call aadlaMivirgsich as a
specific r di es or
f ragnent s"l'@ﬁté?%?;r%fsgr%@ e@6 neH% rﬁggﬁpdggjgl cr{él% n%ﬁér%ﬁzg Zﬁacﬁ%%%f be
present \ehiavitihs ipidcfiect has been exposed/i mmuni zed to the fIaV|V|rus 23
Preferably, the conplex will form between an anti body, preferably an |IgA
specific for the menmber of the flavivirus genus or equivalent thereof and
a anti-f T sdmpiex nh@ \cemprisk eflefdranbrel Elﬁélnﬁlﬁa@ﬂne@mﬁmﬁfﬂ ond Bf fndré t hen

i ndicative of flavivirus specific IgA in the sa d hence recent or
pri or exp&ERagents derived from flavivirus or an equivalent thereof However, not all will

be flavivirus specific IgA. Other molecules such as IgG and igM may also bind.

The biological sample is left in contact with the component derived from flavivirus
or an equivalent thereof for a period of time sufficient and conditions, which allow
the stable formation of the complex or alternatively inhibits the attachment of a

competitive immunological agent such as specific monoclonal antibodies (Mab).

The flavivirus specific immunogenic components and the biological sample are
contacted so that a complex may form between the components and a binding
partner present within the biological sample. Preferably, immunogens of the
flavivirus particles, including but not limited to those of the structural and non-
structural proteins preferably captured by anti-flavivirus IgA having an epitope
specific to flavivirus, will form complexes with either binding partners or a
competing flavivirus specific immunological agent such as a specific IgA.
Preferably, the specific binding partners are antibodies or fragments thereof
present in the biological sample. These will only be present when the subject has
been exposed/immunized to the flavivirus.
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A conpeting flavivirus or nenber specific inmunol ogical agent wll also
forma conplex wth the conponent if the sane epitope is remained free on
the conponent. Were the binding partner and the i munol ogi cal agent are
specific for the same epitope, a conpetition will arise manifesting in an
I ndication of the presence of the binding partner and prior exposure to
flavivirus. The preferred nethod of the present invention relies upon the
detection of fIavivirus specific binding partners preferably |IgA present

avren DEeRRig e S WiforBleaiBEE ah'shybidy, DS RIBRAN SR e brédtfect od

W th the fot thel memn;%r@lf tien fled Uinagemis bhé@@@éleﬂhth‘é%d’l@ﬁd dann-flagpirug ed usi ng
antl-fIaV| virus I gA. The conpl ex may rTFH se one or nore binding partners

bound to %ecaﬂ*u'i%'r 83‘6'%5&‘0#@#{ §0mqn@aa hignist thar indigadiver o Haviwliis val ent
t her eof . s'ﬁezemzfqumfhe's%rﬁﬁlsahQ%hbé r&?érftapﬁﬁér ok@ra bound to the conplex

which is indicative of prior exposure IS present invention. Once
attached, a conpeting flavivirus specific inmunol ogi caI agent may be
added. Ther r It referre [,e- where the
bi ni g Sgempeda prifdef rEn e el By Eaee ol A B Sl F oned
to form ongpieplvith phé Qtonisoriche iRdRé tdme Odpitdpe isTramanegi ket @Goansd.

However, these %Bonents r@ al so be added sinultaneously. Supports for
the det eCOMAPNENt VAT e indine Pritner AR IR FemUNAlgeizal A0etiGrmePedlpect of

the presapf tHeWah iepflopdles %oﬂn%eﬁ’lr 3 Squn@e ﬁﬁllnifgst AP IndiRltioHE the 2

met hod for detecting exposure o ject to a avivirus or equlval ent

t her eof , m%@mfhlwbwmw@nﬁganMnc:oaxmaurenya ﬂia\{wlmsogl cal sanple fromthe
subject with a mxture of flavivirus specific inmnogenic conponents or an
equi val ent thereof; determ ning the presence of a conplex that forns

bet ween & heblpreferrgd paethoer oprtes gresent Inventivrolrelisc apos atmal geteottbra of

flavivi rL#Fa\xrivprus specmc bmg'ln 8&?!'19%‘3%?%@%% }gA gi%%er?to tthe %lolgglcal sample
that are specific for a component of the flavivirus antigen present in cell lysate
derived from a cell infected with the flavivirus or an equivalent thereof which has
been captured using anti-flavivirus IgA. The complex may comprise one or more
binding partners bound to one or more components derived from flavivirus or an
equivalent thereof. However, it is the identification of an IgA bound to the

complex which is indicative of prior exposure in this present invention.

Once attached, a competing flavivirus specific immunological agent may be
added. Therefore, it is preferred to have a pre-incubation step where the binding
agent and flavivirus specific immunogenic components are allowed to form a
complex prior to the addition of the immunological agent. However, these
components may also be added simultaneously.

Supports for the detection of flavivirus specific IgA
- Accordingly in another aspect of the present invention there is provided a solid

support for use in a method for detecting exposure of a subject to a flavivirus or
equivalent thereof, said method comprising:
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characterizing the binding partner in the conplex to correlate the binding
partner to exposure to the flavivirus; said support conprising flavivirus
speci fic i mmunogeni ¢ conponents imobilized on the support. The solid

support may be any material known to those of ordinary skill in the art to
whi ch a binding partner or flavivirus specific inmunogeni c conponent may be
attached. For exanple, the solid support may be a test well in a mcrotitre

plate or a nitrocellul ose or other suitable nmenbrane. Alternatively, the
support may be a bead or disc, such as gl ass, fiberglass, |atex o a
plastic materi al Q‘ﬂaﬁ@g Adpriglog Wgﬁ@m&'e‘ o, e sVeiaFowith ml*ﬁé"%ﬂéport may
al so be a rraﬂé\ﬂ\tnm‘s ﬂﬁcﬁﬂcqh%@{ogeﬁ.cféchﬁﬁor%ﬁé 6r §ﬁa§moaleﬁ%araﬁ those

di scl osed, for exanple The bi ndi ng partner or
the flavivirus spedeheir@lmmgmmg@r@isen@&)rqjoaefmmthIay het formehatwveer wn t he
solid suppor t in the
art, which a[r)@HE{ﬁpPaﬁnd%rgé}e%%ﬁ ﬂ{ tﬁ %@? %éﬁﬁgn%@cfgnﬁg‘?ﬁ“@ﬁr %Jﬁt"ié ure. In
t he cont ext mhmuhegemesemponemteamﬂi optlortdﬁg term"imobilization" refers to

I mmuno- absorption or non-coval ent assom ati.o '

such as adsorptiqn, and
coval ent attachm::ﬁ'f'ar Néwg Rdinggparingr 'thﬁaﬁj)é"m%’f \R%éw"Pﬁ'ée g‘?ﬁ i gen or

nucl eot i de aamd,ﬁgﬁm{ﬁe@wbxw@,@&,%ﬂm,r@gpport or may be a linkage by
way of a cross-linking agent). Immobilization by adsorption to a well in a
m crot i t rs@ighpuanerigronyisang ﬂ@%f%@ﬁﬁﬁl%lmwmlc ¢empenrante gBeebiliged or pt i on

may be aghltﬁggqué/ contacting the binding partner or a conponent of the

cell lysate, Suitable buffer, with the solid support for a suitable
anount of tinme. The contact tine varies with tenperature, but is typically
about 1 ur d over, night n chrret rtner or
2 F Vvt vi e mARE Mafirastimeterab iBowale Hesetsufadedi i MR AR L <o
gener al | yto kehigt Bibivdag Parther 6t flavdagls é’t&cﬁfi&eimrﬁlhmj&féfnic dérhporseritimdypst i onal
reagent that will react with both the support an

attached. For example, the solid support may be a test well in a microtitre plate
or a nitrocellulose or other suitable membrane. Alternatively, the support may be
a bead or disc, such as glass, fiberglass, latex or a plastic material such as
polystyrene or polyvinylchloride. The support may also be a magnetic particle or
a fiber optic sensor, such as those disclosed, for example, in U.S. Pat
No.5,359,681.

The binding partner or the flavivirus specific immunogenic component may be
immobilized on the solid support using a variety of techniques known to those of
skill in the art, which are amply described in the patent and scientific literature. In
the context of the present invention, the term "immobilization" refers to immuno-
absorption or non-covalent association, such as adsorption, and covalent
attachment (which may be a direct linkage between the antigen or nucleotide and
functional groups on the support, or may be a linkage by way of a cross-linking
agent). Immobilization by adsorption to a well in a microtitre plate or to a
membrane is preferred. In such cases, adsorption may be achieved by
contacting the binding partner or a component of the cell lysate, in a suitable
buffer, with the solid support for a suitable amount of time. The contact time
varies with temperature, but is typically about 1 hour and over night.

25




functional group, such as a hydroxyl or ami no group, of a binding partner
or a conponent of the cell lysate. For exanple, the binding partner or
conponent may be covalently attached to supports having an appropriate

pol ymer coating using benzoquinone or by condensation of an al dehyde group
on the support with an am ne and active hydrogen of the conponent (see,
for exanple, Pierce |munotechnol ogy Catal og and Handbook, 1991, at Al

2-Al 3). Detecting, characterizing and identifying the binding partner of

t he conpl ex The flavivirus specific i munogeni c conponent derived froma
flavivirus or an equivalent thereof is then left in contact with the

bi ol ogi caovafsntl Rtachmeft RETH BRdMg Péﬂttﬁ@r §Mtafﬂwnﬁﬂds @gﬁé&ﬂtﬂﬁﬁhuﬁ@g@ié i ons,
which allow the stable formati on o

Once rrpleX|sforrred a
det ect i orfC8IPONEHR {0sa palichserRPsIMEy alsromnarggme aphievrd @y:flfsbfe@ﬁmg e specific
bi ndi ng %hgb&'ﬁ vitdl SlQuR%eoanPFedrgénE ¥t &fﬂ”ﬂ%%&f‘g/ﬁtﬁ e tﬁéh%gﬁfér{ Ungspecific
i mmunogeni € conponent's tecti I"ex WEEN the conponents
deri ved fiunstiohbhgioupr ssclorasam hydq:xy}\/at anting Igemwpfofaldindirtgumm -afea i ved
bi ndi ng part ner eact i ased on an

oo o R aT o BatR AR, Hok . S bR neY b COmPPTS Y o ¢

It is comjeccilabirgl dtrhe®noGePpseS hueinhWn bepropRateCidifiet evRMGEIdisg and
binding partners which form conplexes and are indicative of a flavivirus

i nfecti or'i’eﬂﬁo%'“‘b"'%PE)@Vd‘&nd%%lO@ ofrn alfehydeare ondhe |suRpeT gvithoan

I rmunol o a o]

I mmunohi %@@%e%ﬁgt ??/twgf rc%%ody ? | lr%lb%jto'ngﬁl'r é%%%ﬁé@%‘sa%rﬁe bl ot
anal ysi s,lmunMGMI@M@ﬁalwmthMk 1)@91t lab8d26X13)ot her techni ques such
as are known in the art. 26 In general, conmponents and binding partners,

whi ch form conpl exes and are indicative of a flavivirus infection, may be

det ect ed Deteatiriy, ohmbmjzfr@amd identifpingithe Girldiranpartriordyf €8 cdiypleny neans
avai | abl el_to the skilled addressee. In a referred enbodi nent, the nethod
t

of detec f@nfl%\fm[lbﬁygp%plquﬁmwgpog@%l@mp LQerived from a flavivirus' or an

equivalent thereof is then left in contact with the biological sample for a period of
time sufficient and under conditions, which allow the stable formation of a
complex. Once a complex is formed, a detection system is then added to
facilitate the detection of the specific binding of the binding partner in the
complex to the flavivirus specific immunogenic components.

Detecting the complex between the components derived from flavivirus or an
equivalent thereof and a subject-derived binding partner such as immunoreactive
molecules, may be based on any convenient method, which will be known to
those of the skill of the art.

It is contemplated that procedures useful for detecting components and binding
partners which form complexes and are indicative of a flavivirus infection in a
biological sample include, but are not limited to, immunological assays, such as
immunoblotting, immunocytochemistry, immunochistochemistry or antibody-affinity
chromatography, Western blot analysis, or variations or combinations of these or
other techniques such as are known in the art.
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such as specific MAb and anti-MAb conjugated with enzyne, which permts
detection of said conplexes and the binding partners. In a preferred
enbodi nent, the nethods as herein described involve the use of a cel

| ysate derived froma cell infected with a flavivirus or an equival ent
thereof or the purified conponents there from (herein referred to

I nt erchangeably as the "conponents” or the "conponents of the cel

| ysate"), inmobilized on a solid support such as a polystyrene or

nitrocel | ul ose nmbrane to whjch bi ndi n artner of a, biologjcal sanple
my absol/BTREL SREPEORIEE Siihe Bracrt: e SPrPIRReBeRtt Ftate and
the bi ndiingcétaiet Bera TRvIVirdENinREtiBA! 96E bell Helidted ifled asibiogitan@aRipld hat

contains a reporter group and specifically binds to th conponent / bi ndi ng

e
part ner @bfines frogy @hsidieddy any depats mgl?ééw theeskiliast addregses-dn a&n
ant i body anorcel | £4 | efall ner,
such as gﬁéfgﬂ?pﬁmmnoép%@ﬁ I'n jl Ié]d &%%%ty%ﬁwgﬁyéggggﬁ%ﬁ%@g%%t% A or a
| ectin. stkcheamaspeoilityVMAh asatrpetirVifbecaryegatedayittbenayink] zdich ipermits ch a
detection ?%?.nt caﬁabl e iOf bi ncgk%gqan ant inﬁen derived froma flavivirus is
| abel ed WSEFIQNOL SEI GaMPIEXEs @ PIgALFEShi nd to the i mobil i zed
conponent of the cell lysate in conbination wth the binding partner of

t he bi ol ogi cal sanple. The extent to which the binding partner of the

bi ol ogi cal! aRIRfAred embediment. jhe methpdyas hetfaie deseiheddavalyatha ysaief det ect i on
agent to IR B R I S it N0 i LA of the
bi ndi ng ggpﬁser O?h\ﬁ}déﬁgrpﬁggf’@a %%%[?-,géj }\tllmt il’l%éﬁ% |nm%%ﬁl%@2ﬁb+é§(§%onent.
In a preftee madfiedinotipanenis ihese dene dhesin refegedt toi mtexchangsiablydgs dhe

bt i g 1 e TRRMGEEY of né Deafkbéils e et fell SARET oS ERnE D3I E ey be
prepar ed sopparysuch @s avpolystysenef ot eftfutieluiese knembrane fohadrzhod iidingar y
exanpl e, 27 Har|l ow and Lane, Anti bodies: A

abor at gﬁﬁpﬁsﬁ[ﬁél é%ﬁ'ioa{% PP MBI raboRNBING: JiNp, comslex farmege R¥ral

anti bodi egnfiheRBoPRUead Y ar8lthe Billditg Bartner may then be detected using
a detection agent that contains a reporter group and specifically binds to the
component/binding partner complex. Such detection agent may comprise, for
example, an antibody or other agent that specifically binds to the binding partner,
such as an anti-immunoglobulin (i.e. antibody), protein G, protein A or a lectin.
Alternatively, a competitive assay may be utilized, in which a detection agent
capable of binding an antigen derived from a flavivirus is labeled with a reporter
group and allowed to bind to the immobilized component of the cell lysate in
combination with the binding partner of the biological sample. The extent to
which the binding partner of the biological sample inhibits the binding of the
labeled flavivirus detection agent to the immobilized component is indicative of
the reactivity of the binding partner of the biological sample with the immobilized
component. '

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

variety of techniques known to those of ordinary skill in the art (See, for example,
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techni ques, including the generation of MAb, or via transfection of

anti body genes into suitable bacterial or mamralian cell hosts, in order
to allow for the production of reconbi nant anti bodi es. The secondary

anti body which may be conjugated to a | abel, can be added to the conplex
to facilitate detection. A range of |abels providing a detectable signal
may be enpl oyed. The | abel nay be selected froma group including
chronogen, an enzynme, a catalyst, a quorophore and a direct visual | abel .

In the case of a i rect ,visual |gb | dal
metal | i c [G¥9 H’orf“nr?’et Nec A W’bﬁ 2 2-389@?% 861”@" ngﬁ?‘ené ar or

subst r at @ ahaateyga1uss).PM yg'é?fefalorarﬂlbbéltegxcalﬁ)%é Jﬁb@uceﬁ |b@fr @l naumbey  of
enzymes suitable for use as | abels are disclose Uni ted States Patent

Nos. 436Mmmwmw@edlagdthasgemeetlorsmft Mihbe @rnyignansfegians of rantihedypr esent
i nventi op &'umﬂ%@ﬂaége' b#ﬁeﬁ&o&%ﬁ&ﬁﬁ%na{h%aﬁhg&bmegr%%? ‘i’&"aﬂé‘ﬁf%r Fﬂ%eEf erably

horserad perox al one or
conblnatmumhmmbho&nxmmﬂndmﬂmn&bamemhlch is in solution. In the present

i nvention a secondary antibody attached with horseradi sh peroxi dase, which
then reacts with its substrate DAB and produces a visually detectable

col our chmegrRcoRd&yeiniBbiy aafthaway bt Renighfet oaNiaskl, thR becdideXo the
Preferably, the anfibody i1s an anti |gA anti body and therefore detects |gA

bi ndi ng GBEW%F%fQQHE@teh‘é%CMUn%I reage v labals iDipvidisg s detectable sign@bgeni ¢
conmponen e q&gﬁ erformed
by fi rsttni nt acﬁp?#geg gﬁ%d?é\%“%ﬁ%ég%g%ﬁ %I%gp;ﬁ:a sa%gﬁ%%gp has been
i mobi | i agdenmymee, sotatalystppueropbonenantd g diteet wisbial labela Imiher casiet ofea pl at e,
vmththefl VIiVvir specific i nogeni ¢ conponents .as. herein ecribed,
such t hatt"SCh SIsHahdael 58] Figkett (04K (@1 § SRS MEiBIE e HOBIMGRNG

partner paeitieisa aye pattichndin erflyhty ook lsmaétVatet ae o(fjdaim pmw@rsae@uefteﬁ

i mmunogeni ¢, .conponents nmay be bound to the solid support such that binding

par t ner s Paficleg Aalalrmearﬂbe}/sf ROZ¥Bes RUEtablieden vse as ﬁh%arféﬁtsc osA% Hund
sanpl e | YrfiRANsASP Fefent Nos. 4366241, 4843000 and 4849338, Suitable enzyme

labels in the present invention include alkaline phosphates, horseradish
peroxidase, preferably horseradish peroxidase. The enzyme label may be used
alone or in combination with a second enzyme, which is in solution. in the
present invention a secondary antibody attached with horseradish peroxidase,
which then reacts with its substrate DAB and produces a visually detectable

colour change, preferably achieves the detection of the complex.

Preferably, the antibody is an anti IgA antibody and therefore detects IgA binding

partners that have bound to the flavivirus specific immunogenic components.

General description of the process

This assay may be performed by first contacting a binding partner of a biological
sample that has been immobilized on a solid support, commonly the well of a
microtitre plate, with the flavivirus specific immunogenic components as herein
described, such that a component is allowed to bind to the immobilized binding
partner such as an antibody. Alternatively, the flavivirus specific immunogenic

components may be bound to the solid support such that binding partners are
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fromthe immobilized conplex and a detection reagent (preferably a second
anti body capable of binding to the binding partner or the conponent,
containing a reporter group) is added. The anobunt of detection reagent
that remains bound to the solid support is then determ ned using a nethod
appropriate for the specific reporter group. Mire specifically, once the
bi ndi ng partner or a flavivirus specific i munogenic conponent is

i mobi lized on the support as described above, the renmaining binding sites

Chose of IPRPHAT HRAdbthe a8 ESmageh, Dol Sk i BPn PVt okin

milk wt hirom tthe rimhidiledXcdMBleRr arldves fetdidbM feaben® (Shrmkigla Gecondst -
Louis, M. % The conponent or binding partner may also be diluted with a

sui t abl e anj @%mpa&ﬁ pbindingda the biskbibpriiner o theFempargntneont®@BBg v t h
hunman Seré%rf’é?g;rro?)tlg%ﬁdg 'T%‘a%oﬁﬂpopt?etgﬁﬁﬁpre%geﬁf hﬁf rérﬁaihQ‘BUBﬁ& k@n- In

general, an a contact t 'S a period
of tine rbinezSehdaBUthm)lsrﬂlthtCMerrm:ied |usmgsaji‘rietbmcéappttoprlalel 'icwvtlaae tpenifivi r us
specific | ncrgr,ﬁn eni ¢ conponent to bind to the inmmbilized binding partner,
or vice V&t Lé‘?erably, the contact tinme is sufficient to achieve a

| evel of binding to the target epitope on the attached flavivirus specific
| mmunogeni c conponent that is at |east about 95% of that _ achieved at

equi | i br .Mﬁfﬁb%mf@ﬁ ¥ RNBIHRPIBHAG RASHER T 15 TraNYigSyBRecHEsy INNUNSIaNS vi r us
speci fi ¢ gy ﬁm tmTRBIREE Y t@%asp&ft £ eémrbéd8§¢éde 'tnetra aﬁ{iﬁ W N

recognl ze t etine necessary to achi eve eCIUI dil Yy
det erm n@mdmg aﬂeapnntjﬁet supposivate typidallndilockedhany ssuitable bkoekmg qwnt od of

| <"gener ArPYRBUFFRERE 5T e B Vi o BokB Rl BN St orponent
or bi ndi mglkpwith reither eiyon Xheoo e Tvarev 20 By(SigahiCigerhial Gol,i St sopieert with
0. A doRUL1 SHE HGBMONH Ch HiBING FABIEE BFY ARG NGSR RENb VD Dar T nor
and whi chyiigent B, Sudie B8 'PhREpKkAteHRiffered saline (PBS) with human serum and
either Triton X 100 or Tween 20 prior fo incubation. In general, an appropriate
contact time (i.e., incubation time) is a period of time preferably 30 minutes that is
sufficient to allow a flavivirus specific immunogenic component to bind to the
immobilized binding partner, or vice versa. Preferably, the contact time is
sufficient to achieve a level of binding to the target epitope on the attached
flavivirus specific immunogenic component that is at least about 95% of that
achieved at equilibrium between the bound and unbound binding partner or
flavivirus specific immunogenic component. Those of ordinary skill in the art will
recognize that the time necessary to achieve equilibrium may be readily
determined by assaying the level of binding that occurs over a period of time. At
room temperature (RT), an incubation time of about 30-60 minutes is generally
sufficient.

Unbound flavivirus specific immunogenic component or binding partners may
then be removed by washing the solid support with an appropriate buffer, such
as PBS containing 0.05% Tween 20™ " Tween 80. A detection agent which is

capable of binding to the binding partner, and which contains a reporter group,
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29 may then be added. The detection agent is generally an anti-IgA

anti body. Preferred reporter groups include those groups recited herein.
The detection agent is then incubated with the imobilized binding
partner-conponent conplex for an amount of time sufficient to detect the
bound conponent or binding partner. An appropriate anmount of tinme may
generally be determ ned by assaying the |evel of binding that occurs over
a period of tine Unbound detection agent is then renoved and bound

detection a s d u t he reporter oup. . enpl oyed
for det e&af %m?er @g@‘?‘f fﬁlﬁ %ﬁ%&ﬂ)@péﬂﬁg L?p@ﬁ”?'%&gynﬁl lﬁ”gngéfa?%é%yeporter
group. F@refefdtorpbitée gaspedchild Mddel gidups @R iHdgeifr Thaudsreasdrogr aphi ¢
nmet hods are general ly approg_ul ate. Spectroscopic nmethods may be used to

det ect d@asntisdpemisubatedgyibLine, Im@bjlﬁftgiebm@marp@ytﬁ@rscgﬁaomntwrré&%nt
groups. %}'Qﬁnﬂ@%ﬁt Gf‘@fﬁ@au'fffb‘?éﬁ{dﬁw dBtlot 3hE BWUnd! g&nbgﬁ?ﬁt%r bRfRfiRy! dase

and al kal 1 ne phosphat ase uorescent groups 1nclu are not limted
t o, fl uompagoei. n appropriaty aneadunt @Ftlfﬁé)may@enamy Ibpldeltmdémmby assaymg ocyanat e

(17810 Rl 180, S50 B SERSL b o i o o

radi oact ityeh fﬁmif)\lretpéwmlhd Qféﬂétﬁlo@ra@éhtﬁﬁﬁé'@ed Eam nlﬁeﬁ%p@ﬁéﬁ?ro@boups may
general | %_Bbe detected by the addition of substrate (generally for a

specific érmgwodcﬁm@mmf} forfc%ﬁteqiwgdhﬁyee%%&grege&ﬁpen@ﬁ upeh e B@ib.'[%/Sl s of
h
the reacro'fofhéjr&g!dﬁ%§4g oE]JPe fH SFe[d%eﬁct&? (gl? : &hfﬂf’an O'Eo% Q ?bAB)

agents consistin oro-1- napht | am no enzid
am noet hyputaradibgraphis (wetdpds zare aenerally ppropriate. Spectroscopic methods

(-3- et hyl R ABTS) heny.l enedi am (OPD)
and tet rgﬁ@z ﬁ Ihu%éOLO gslf?g;t (# ng’{’g%%%/r& aﬂgg%osoedh&%@Pg%%Feeanguﬁn% nor e
t han oneﬂuemscbﬁtr gguit!mp Gbrmmtemmeeg&mme | noitnaree e diiited , toul ti pl e
reporter Rgrou s are,cqoupled to one dei§ ction ent no| ecul e, | n another
enbodi me ’?'r%-*rs@ 'P%ﬁ‘ i8e Rhosrhet aF‘@p ?S@PB@EO“%VCB’@%@HE)I% b one
det ect i ofnfggnt -toRegﬁu@He§§§n of iddiRioRpardieY! REITC),  tetramethylrhodamine

isothiocyanate (TRITC), rhodamine, Texas Red and phycoerythrin. Biotin may be

detected using avidin, coupled to a different reporter group (commonly a

radioactive or fluorescent group or an enzyme). Enzyme reporter groups may

generally be detected by the addition of substrate (generally for a specific period

of time), followed by spectroscopic or other analysis of the reaction products.

The substrate can be selected from a group of agents consisting of 4-chloro-I-

naphtol (4CN), diaminobenzidine (DAB), aminoethyl carbazole (AEC), 2,2'azino-

bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), ophenylenediamine (OPD)

and tetramethyl benzidine (TMB).

It may also be desirable to couple more than one reporter group to a detection
agent. In one embodiment, multiple reporter groups are coupled to one detection
agent molecule. In ancther embodiment, more than one type of reporter group
may be coupled to one detection agent. Regardless of the particular
embodiment, detection agents with more than one reporter group may be
prepared in a variety of ways. For example, more than one reporter group may
be coupled directly {o a detection agent, or linkers that provide multiple sites for
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enbodi ment, detection agents with nore than one reporter group may be
prepared in a variety of ways. For exanple, nore than one reporter group
may be coupled directly to a detection agent, or linkers that provide
multiple sites for 30 attachnent can be used. In a related enbodi nent, the
met hod as herein described may be perforned in a flowthrough or strip
test format, wherein the binding partner of a biological sanple or a
flavivirus specific inmunogeni c conponent is immbilized on a nenbrane,
such as nltrocellulose Ip the flowthrough test, for exanple, a
f1avi vi r GHECHBENE G0 geni ¢ conponent is capable of binding to the

I mobi | i zed blndlng partner as the sanpl e passes through the nenbrane.
Alternatively, a binding partner in a b|olg?|cal sanpl e i s capabl e of

bi ndi ng ﬂ'a;atrﬁkﬂted ﬁﬁ@@dlm%dthﬁlfaeﬁh@ﬂr%sh%'p@ gscgbedrmaydfepetorsmfdrient as
the Sa”p L@irﬁ:}’@stt REm3E RAG the SRR pérﬁ%“r"&d Okﬁmrﬁfch” agent

then bin s to the part nér-conponent co I a So
cont ai ni sgmiphe cfed dmlmsmflc frhmmogémmtgimndrennnsrhmmlhz"éheoma ection

ot P b ey oAk e Loreli PR 0SB ST i BB (b
cel | |ysaagivirs b@p@tﬁhd SiMMtS Rt | dbrAp&iitntt isotapabledidti Bhhdiie tBi ehegi cal

sanple. _The bhinding partner 1 n the biological sanple m grates al ong the
menbr ane iMmobdizgs alnrd@g. 8Arteen @& m%@am%tn@@ﬁ%dhé@g@m thendnerbm@Rge. ar ea of

the 'mmlﬂehﬁé?ﬁe%g tpart?ﬁ.lé‘lemcaPBI% idtish ! CO%%GX bf) né‘lﬂ b 1 et he

area of immo |ng part ner-conpone |ca es t
presence lmfndbnltzddrfgavagelatspamnfa: inyinohoggnialcosgopkest awpe caniple nalsees

concentration t he detectjon reagent . a S|te nerat attern,
such as rlof"%%?h@f’m e r LG 1%3’&‘?‘{/‘16%‘?&03 o biry CF‘P éﬁ) attern
i ndi cat eiraling pattharecardsetdnt cbmplsnas al solllitllfh c&imalﬂtnthetHdt@htllﬁg ageat t ner
|nnDb|I|%ed el ther on the nenbrane or polystyrene plate is selected to

gener at e NQWs; la[RUghthgi ree@brang. hﬁa@%t@wpw%hw%dﬁteét%@eamt DI cont ai ns

a be performed as described above.

In the strip test format, one end of the membrane to which a component of the
celi lysate is bound is immersed in a solution containing the biological sample.
The binding partner in the biological sample migrates along the membrane
through a region containing a detection agent and to the area of the immobilized
component. The concentration of detection agent at the area of immobilized
binding partner-component complex indicates the presence of binding agent in a
biological sample. Typically, the concentration of the detection reagent at that
site generates a pattern, such as a line, that can be read visually. The absence of
such a pattern indicates a negative result. In general, the amount of binding
partner immobilized either on the membrane or polystyrene plate is selected to
generate a visually discernible pattern when the biological sample contains a
level of a binding agent that would be sufficient to generate a positive signal in
the sandwich assay, in the format discussed above. Such fests can typically be

performed with a very small amount of biotogical sample.

In a simpler version of the strip test or dipstick test, components of the cell lysate
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| evel of a binding agent that would be sufficient to generate a positive
signal in the sandwi ch assay, in the format di scussed above. Such tests
can typically be perfornmed with a very small anount of biological sanple.
In a sinpler version of the strip test or dipstick test, conponents of the
cell lysate 31 can be immobilised onto a nenbrane, such as a nitrocellul ose
menbrane. Strips of nenbrane nay then be subjected to biological sanples
to form conpl exes between the conponents and a binding partner in the

bi ol ogi cal anpl e.. .The, compl ex is then detectable b ny nmeans descri bed
above usitAl BS EHekitsech ORb A MeskiANg s SHeh A% ApBEPCElaseseTP@Re; ost can

provi de tfpe df michsiraAas | 9By OtheR' BY | Qitfe@XHORUbRIMYi¢AIO8EmpRs N kahpe
bi ol ogi cal sanples. As used herein, "binding" refers to a non-coval ent

associ at icOMAeRebatwamd thee gampoachls aed & dinding pantaer d4n dbapbielegicdl f or med.

The abili ' , a . Al a

bi ndi ng gtgﬁgo{lé;nﬁ#%rﬁ?%ﬁ?%%@&éﬁh@% p %e? nggﬁen%f%eﬁg’éc?lﬁgg%}bﬁgﬁ%in@ganst ant is
t he val ueletdstiannagentheoct fes aonrardibodat The dipstidkhiest aapl provide diquided by t he
product of .the c onent concentrations. Jn genperal,6 t conpounds are

P d Lo Ttsifion dhTeNaUE RIS bithowa e bler BHIE rReswhon the bi ndi ng
.constant for conplex formation exceeds about 103 1Jnol. The binding

constant may be determined using nethods well known in the art. Menbranes
cont enpl fiSedsey hateinpebigindan@fet to 6f norrsopAlerle assogiatian pelweenivaide any

menbr ane | | I I .adl r ; | from
the {1 avisgaite ToIEalOC aubiingt & CoRPIEEIS Rifcd! THEBPRETo BiftfhaiTe
i ncl ude wivehated bygifagexample edeteoninitig a birelingtestantéothafesyation of the
pol ytetrafl uorethyl ene. nenbrane filters, cellulose acetate mag‘ora e
PPl Ters aruiger (e EEGinel TR e dhs Al pRBinet Wi, B Fourriaher Sfar ri ers.
Most pr efties addnyplex Mg dieiied ame the grodittt 6PeRE | donfsohehE rdohadttratidhbenmat i vel y,
t he di agnostic nethods of the present invention may adopt an
general, two compounds are said to "bind," in the context of the present
invention, when the binding constant for complex formation exceeds about 10°
L/mol. The binding constant may be determined using methods well known in the

art.

Membranes contemplated by the method and kits of the present invention
include any membrane to which either the binding partner or components derived
from the flavivirus or equivalent thereof can bind. Examples of membranes
include without being limited to, nitrocellulose membranes, polytetrafluorethylene
membrane filters, cellulose acetate membrane filiers and cellulose nitrate
membrane filters with filter paper carriers. Most preferably, the membrane is a
nitrocellulose membrane.

Alternatively, the diagnostic methods of the present invention may adopt an
automated analytic method using a biological microchip. For instance, a
diagnostic kit can be sfructured to perform immuno-blotting using a glass slide
coated with the component of the cell lysate. This diagnostic kit may comprise a
biological microchip onto the surface of which a flavivirus specific immunogenic

component is immobilized, an appropriate buffer, a standardised sample
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aut omat ed anal ytic nethod using a biological mcrochip. For instance, a

di agnostic kit can be structured to performinmuno-blotting using a gl ass
slide coated with the conponent of the cell |ysate. This diagnostic kit
may conprise a biological mcrochip onto the surface of which a flavivirus
speci fic i mmunogenic conponent is inmmobilized, an appropriate buffer, a

st andar di sed sanple 32 conprising a detectable |evel of binding agent, and
a secondary detection reagent, as herein described. The nmethod and kits of

2 1 bt v EPRETBAGg R, OSSEEIE (VAR PTing e hnhy, & eece et Rhor cof
elther dlﬂéég’%taég.ﬁéejnﬂ-je%@hb@d] or in conval escent phase. used therein

"acute infection" refers to the period of time when a V|rus has infected a
host and is actively replicating and/ or causing synptons associated wth
| nfectio Y S I e

"conval eg-gen#]%tp Ogsgﬁd i edr}sth{eo"l’ r'é%e;ﬁ’(a n@e@t’% 8%? Z}vé?%préb%ciﬁﬁﬁé )Q)tolsg% 8fycl e when
flavivir smanm os arsmats It@rugeﬂavmzmm o wnygsmmfrcemmmben of tthe fagdly bt ood and
has devel ope d| n rtners such a ut ngt limted to anti bod| es.

Uei g & neauheienb dhina? ehet foring 3k difecan, ohdn dronvelesceils a4k A
det ect ed yakd aR¥rdin rl'Ecutéf ﬁ%’ctﬁﬁ'n%@@ @6‘ tﬁé perfdldnef RehaPWheRes vifust hgs | nf ect ed

patient or patient derived from his/her previous infection/infections.
Kits | nifeered hagtpém I%ﬁctl\reéy perlicating iandintqappinohymeptpmsprssprdes a kit
for . det eolidnfedfion | ke 48} ©5het, "bini SoIfCEhG | 6 BbadniR by Uine

equi val en hereo étec |'avi vi'rus "exposSure conprising. a

solid surjq:xmmlesnehwthage”aréfeaantmﬂmstqgacnﬂfbvmmsnm@nﬁnu cyaiponieert or
equi val eglt i hereof: .or als IlflE&OI‘t i ncl udi nﬁ @ Egvtl k\)lll ris SpﬁaC' fic
i munoge APUVERRYIHEA® N5 O’qumﬁ NS REMEBANS: FatfreBC310°'q° nd®Support ;
developed binding partners such as, but not limited to antibodies. Using the
method and kit of the present invention, exposure can be detected at any time
after generation of a binding partner in the infected patient or patient derived it

from his/her previous infection/infections.

Kits
In another aspect of the present invention there is provided a kit for detecting IgA
in a subject that is specific for a flavivirus or equivalent thereof or for detecting
flavivirus exposure comprising:

a solid support including a flavivirus specifib immunogenic cdmponent or
equivalent thereof; or

a solid support including a flavivirus specific immunogenic component or
equivalent thereof attached to a second support;

at least one detection agent conjugated to a reporter group for detecting a
binding pariner in a biological sample that forms a complex with the flavivirus
specific immunogenic component; and optionally

instructions for using said kit to further identify the binding partner of the
complex.

Optionally, the kit will also include additional parts such as washing buffers,
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at | east one detection agent conjugated to a reporter group for detecting a
bi nding partner in a biological sanple that forns a conplex wth the
flavivirus specific immunogenic conponent; and optionally instructions for
using said kit to further identify the binding partner of the conplex.
Optionally, the kit will also include additional parts such as washing
buffers, 33 incubation containers, blocking buffers and instructions as are
necessary for conducting the nmethod. Accordingly the present invention

provides.a kit for detecting,exposure of a subject to flavivirus or any
Tenber offGHREIPR farSAIRES, PIRANY, UERE ARdr BBFICHRS 33 Bre EpeBRnig"
conveni eronf@étAgRE GhetRbd ows for a binding partner in a biological sanple
to interact with an anti-dengue I gA captured flavivirus viral conponent

and may further conpete with a conpeting flavivirus specific imunol ogi cal

agent. T ' Ladj I on, f |Vl pecific
flavivi rBlgc ngcﬁ)%lil%ftbé@%ﬁ%ﬁn!ﬁ%&fr‘%é}r@xg‘%&;ﬁa B@eﬁ?’ggﬂé ?%&{nﬁeg%?(dosl\%%i%zﬁ sanpl e,
of pri or sehjeesto Bavivinust dbranywmenter IBf deefamiilyyort dreeduiitalenntherenésTre kibl i d
support such as described, 'herein adapted to receive or conpy.ise.

aner =T | 2T PReaGROEBIARt JETR TR PYS 3ot BTG Rares it 4 CIBRBIoR! en
thereof . shRmiKitd inRYack!With GAMNBHILEhdURARANESptufRPAAGFus URAISsomhSshep@pabl e of
provi di ng detectable signals and optionally instructions for 'use. The kit

may be i r@nﬁnmﬂYanFH’@f roRrRate| wWith rﬁjio@ﬂmngcﬂﬁ?ﬁ)@%nﬁae% ipmungiogiceht el y
pur Ch?‘se‘jatge heTks redliis 2 Raladsh 35 ﬁﬁb&pr@&éﬂlfe‘ c?f'f%i\f?ﬂﬂlg PecRTavIRIDEr S
wherein at | éast one nmenber I's d solld support conprisling an

anti - f | awipecifiodinding paptenseslichf dsalgAvin the Iniclogimak sémofe, fof aviow expresuoe

equi val ent por.cell at r.jsing an_ i nogeni ¢ conponent derived from
211 v i ot Gt ety BROR SRR A T ERe B SETEAS: TseiBfe sol | o
support GrmginiRRptedntoaktaye @ conplisd BintiFRIVIVITEE 3gA @apRIféd @6mPBRéEnts @rponent s
of one or, npre flavivirus or equival ent ,

flavivirus or an equivalent thereof. The kit may also comprise reagents, reporter

molecules capable of providing detectable signals and optionally instructions for

use. The kit may be in modular form wherein individual components may be

separately purchased.

The kit may be a modular kit comprising one or more members wherein at least
one member is a solid support comprising an anti-flavivirus IgA captured
flavivirus component of flavivirus or equivalent or cell lysate comprising an

immunogenic component derived from a flavivirus or equivalent thereof.

In an alternative embodiment the solid support comprises an array of binding
partners for one or more components of one or more flavivirus or eguivalent
thereof from one or more subjects.

The present invention also provides individual components of the kit for use in
the method of the present invention. The invention provides solid supports which
include anti-flavivirus IgA captured components of the flavivirus for use in the
detection of exposure to the flavivirus. In one embodiment, the invention provides

a polystyrene 96 well plate or a nitrocellulose membrane to attach viral antigen,
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thereof fromone or nore subjects. The present invention also provides

I ndi vi dual conponents of the kit for use in the nethod of the present

i nvention. The invention provides solid supports which include
anti-flavivirus |IgA captured conponents of the flavivirus for use in the
detection of exposure to the flavivirus. In one enbodi nent, the invention
provides a polystyrene 96 well plate or a nitrocellul ose nenbrane to
attach viral antigen, 34 either for use as an inmobilized anti-flavivirus
I gA captured flavivirus viral  conponents or as a dot blot or use as a dip

stick, wHtEEr ifofcU§Beds AhyHRahl ge@f anti-Havivirgy ilgh r eapterede fayivisye vrat ner eof .
Pref er ablgym bH@nt@lcﬁta% LUTBIBPHANSS ak %Céllﬁgﬁlck Cﬂﬁ@ﬂﬁ%&&essf‘drﬁﬁ&rﬁéﬁtg pPM the

group i ncl udl ng flavivirus structural a non- structura rot el ns,
flavivir tiee favivired es eamdafrenbgmamfs Preferably, the ptawoommbranes pmcdltsde and

car bohydr r| [o h Vi Vi.r 0 repof . The solid
suppor s SayeRnEs, SR oMb i Bl bGPl Sl G RE koo

m cr ochi ptruberaiproeins, ﬂmuﬂmpémcrefs dritefraghéntt thareef, @nytoprm@lhsl liggd. These
solid s$ orts can then_ be sub ected to the biological sanple to detect

flavivir caibniydrates derives Wﬁh%ﬂﬁ‘ﬁ'{“ﬁ %'P\%"WWWPHF?"@%I ate is used to
attach flavivirus antigen by i muno-purification using anti-flavivirus |IgA
fromflavivirus infected cell lysate. In the case of a nitrocellul ose
menbr ane,Theh ol soipgo’ uppyr alsaalhe e michditge platewdiash alisled ort bielogisial d

support f I

I mobi | i tsr@ccl'lorm@po‘}gﬁ%%ﬁ{s]ﬂhglfg oﬁ# O%Pgsv?fttﬂgtfgﬁ ISE% es?'%omgbmu‘tcﬁtrhﬁtg?rggiéel | ul ose

nmenbr ane sopyortee canpivent bel subjected ito kththbiologita | szenglé etoneatechfiavivioude di pped
into a biological_s | e sych as serum. This is us | a onponent of a

't ° o nespSHET PRBIARY B EhsoidPie iR Balioh Pedtad SR Encous! v
Assessi n@lnh?éu@thVlmrﬁUﬁdﬁpr fldd%ﬂcﬂislﬁ@ anfi-AeRtvira8 agAefromsiambirust itedisgsent

i nvention so provides a nethod of assessing he relative risk of one or

nmor e subjc@B¥$ali ng exposed to flavivirus or an

In the case of a nitrocellulose membrane, the second support may be a holder,
which holds the solid support to improve manipulation of the solid support, which
has immobilised components of the flavivirus. For instance, the nitrocellulose
membrane may be supported on a stick that enables the membrane to be dipped
into a biological sample such as serum. This is useful as a component of a kit

since small amounts of biological sample can be tested simultaneously.

Assessing relative risk of infection
In yet another aspect, the present invention also provides a method of assessing
the relative risk of one or more subjects being exposed to flavivirus or an
equivalent thereof within a defined location (e.g. geographical area, housing
estate, means of transport or center for medical treatment or assessment),
comprising;

obtaining samples from a representative population within a defined
location; and

assessing evidence of exposure of individual members of a sample

population to a flavivirus or equivalent thereof by the method comprising the
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equi val ent thereof within a defined |ocation (e.g. geographical area,
housing estate, neans of transport or center for nedical treatnent or
assessnment), conprising; obtaining sanples froma representative

popul ation within a defined |ocation; and assessing evidence of exposure
of individual nenbers of a sanple population to a flavivirus or equival ent
thereof by the nmethod conprising the 35 steps of contacting a biological
sanple fromthe subject with a m xture of flavivirus specific i munogenic
conponents; and determ ning the presence of a conplex that fornms between a
bi ndi ng ﬁiﬂﬁﬁgf in the biological sample and a flavivirus specific

| munogeni ¢ conpongaitadtivh WhisbRigital REmpIE $RAT tredEubjBst GRATY Rixtufe of
i ndi cati ve of exposure of the subject to a flavivirus or equival ent

t hereof ; and #8¥isds pReqifiinrauaRganic eersrorgNtex@ssure within the defined
| \ by oh o Ve ! . Sk
ocati on by char agLe0 hASHRkDI 3" ik b0 Fof i idfeelts

anal ysis may be conduct tware in a conputer orm
Consequent | y, biruingor pertver imvibet idolofical eamplel ahds at dlagiviraspepedific eadabl e

program and conputer conprising,suitable for anal ysin osure of subjects
or group of JUBUECES"IG, OJ"P‘?réE&'tcﬁndeif"g‘SE‘ﬂ?etF‘ﬁfp@ﬁ j‘i?c%f 36 %1 subj ect s

to a flaviviincAliveesixaker of Y a®ject kB MRYIDG OF ehaivARNAHRESS; t he
present invention allows for the epidém ol ogical study or

sero-survei | | @de of outbreaks of infection caused by flavivirus or any
menber of the fam ; |V . St udi | -val uabl e
I nformati on, whi chlf's‘%(ts vgh@mﬁuﬁliﬁ% e't'%k:égtg Iép%sf%?%(g‘élg]gﬁrjémhee?ﬁmﬁ%éloggté%ﬁof
flavivirus dbyehsmcidrmingthartphding epitdenindhegomalexst udi es aid in the
identification of the
Risk analysis may be conducted using software in a computer readable form.
Consequently, the present invention further relates to a computer readable
program and computer comprising suitable for analysing exposure of subjects or
group of subjects or a risk of exposure of subject or group of subjects to a

flavivirus or equivalent thereof.

The method or technique of the present invention allows for the epidemiological
study or sero-surveillance of outbreaks of infection caused by flavivirus or any
member of the family or equivalent thereof. Such studies provide valuable
information, which advance multiple facets of research in the area of flavivirus
disease. For example, epidemiological studies aid in the identification of the
index of an infection. Such information enables the identification of a defined

location from which the source of virus responsible for a viral outbreak originated.

Additionally the technique/method of the present invention permits for the rapid
identification or isolation of subjects who are infected with a flavivirus or
equivalent thereof without major laboratory equipment or even in field conditions.
Such information aids in identifying subjects, who require medical treatment as
well as defining locations that require further investigation or disease control

approaches such as identification of breeding places and its control. Further, the
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I ndex of an infection. Such information enables the identification of a
defined 1location fromwhich the source of virus responsible for a viral

out break originated. Additionally the techni que/ nmethod of the present
invention permts for the rapid identification or isolation of subjects
who are infected with a flavivirus or equival ent thereof w thout major

| aborat ory equi pment or even in field conditions. Such information aids in
i denti fying subjects who require nedical treatnment as well as defining
Iocation t hat ,ﬂ%lre further |nv stlgatlon or. dis r oaches

) | .
such as TEERNGYS CRNPaReSt i EntPA RN dcthe TaoRitating s @ndriecies atist t he 36

t echni quao ebtdrifthfiRSHREchd 8N! bAMAalivPus st)@crné . MRNEViStio et @tat ftfe I nfected
patient to determne the presence of - anti-flavivirus speci A

Al | evi at (BSgIres et intaneearst phase ofigtaskiee may be tla%mdqubnasvé setzondanect i on
may be t heLish SRkt ﬁ Oﬁelél?t‘ﬁgnm%?’fonﬂit)tei n eCPI?é(;kﬂJeIBP%gaﬁlog ;Etagggt@m toring

of the subsequent lavivir Furt her,
t he techmnfqutsomiﬁketlDHFmrmt i nvention provides a neans for identifying
subj ects who are infected with any specific nmenber of the genus of
flavivirus and serotypes involved, allowng for the rapid detection, risk

of furt heyrihef eekiteshni @é)bnthé\ﬁrésent rehfB6@btVidey a FRedrdf RE identifiang di sease
cont rol strategy A re erence herein to a patent docunent or other matter

whi ch i s SYbigsks Who gre bifectad withanyspechicyaemiref the sanus @hlawvisys apdt t he

d t t t
o?Ctjgnc oS%mF"r% g% ‘rﬁ’({avro‘g%% ké’IBW%O%rfor ttllﬂa‘; rapi tﬁﬁgét%f?%mlélpg) fbrtﬁ@ngrﬁ%/&g, was par

cl ai ns. Beintivgde thgf iqcaeorpobaledﬂetﬂg)ntamwlseasdrmrmnodasteatEQy nvention wi I I now
be nore fully described. It should be understood, however, that the
followi ng descriptionis illustrative only and should not be taken in any
way as a A esferdnceiteteinrtotd) patede doc@heityorobthbhendtiey WNidOR glesie bk heidrabove.
EXAMPLES Exanpl e 1: Devel opnent of anti-dengue | gA (ACA-ELI SA) using serum
art is not to be taken as ah admission that the document or matter was known or
that the information it contains was part of the common general knowledge as at

the priority date of any of the claims.

Examples of the procedures used in the present invention will now be more fully
described. It should be understood, however, that the following description is
illustrative only and should not be taken in any way as a restriction on the
generality of the invention described above.

EXAMPLES

Example 1: Development of anti-dengue IgA (ACA-ELISA) using serum

a) Preparation of antigen: Lysate dengue viral antigens were prepared
against all four serotypes of dengue virus according to the method described by
Cardosa ef al., 2002. Briefly, dengue viruses (5 m.o.i.) were grown in C6/36 cells
with virus maintenance medium containing 2% fetal calf serum were incubated 4-
5 days depending on the development of cytopathic effects and serotypes of the
virus. The medium was decanted and the flask with infected cells was washed
four times with PBS, treated with 1 ml hypotonic buffer with 1% trix100 for an
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a) Preparation of antigen: Lysate dengue viral antigens were prepared

agai nst all four serotypes of dengue virus according to the nethod
described by Cardosa et at, 2002. Briefly, dengue viruses (5 mo.i.) were
grown in C6/36 cells wth virus nmai ntenance nmedi um containing 2% f et al

calf serumwere incubated 4- 5 days dependi ng on the devel opnent of
cytopathic effects and serotypes of the virus. The nmedi um was decanted and
the flask with infected cells was washed four tinmes with PBS, treated with

1 mM hyp i ffer W %4 k] 7 u fi

centrif ug]tggpgﬁ d?ﬁ]@gg CPé\{rﬁle%er]d %%ﬁm(ﬁ?péé%trﬁ@ @Hﬂg’ghgpgﬁq’p%%%%ﬁ?’?sect ed,
al | ocat e¢oléddéd, diicenrabonl i eppéndids afd dtored @C-PORG dintiisge. b) Serum
sanples: A total 292 dengue PCR confirned serumsanples in 3 sets were

used as positive sanples. 182 patient serum sanpl es negative to dengue PCR

wer e useg,as ' I | ' 4 l.ogi n@?ﬁ@h’\ ;| gM
capt ulrJe %I!I SA%%O%?%%IRE?% P%%Q;H-é%@%%gtﬁug%r}@ﬁ%g)‘e’%%@%ll"jls fo?e’ t hg
measur ensets vlerantsied das gositivpesaniples.| 482 qaticbbdersn samplése negallee$o used i n

this study. Th st _was performed according.tq the procedures described
by the meRPAEPSFERer] fRed R el e ailes It BIPe al kit (Pan: bi o,
Australia) was used for the detection of anti-dengue specific |1gG

anti bodies in _serum sanples used in this_ study. The test was perfornmed
accor di nf)t o Sesological jassaysicloM i mpiuey ELIRA. Aasommardab kit (jan-Bis. capt ure

ELI SA ( ABGELLSA)L: ' [ | et nd
Bal nnseg?@gﬁa gw%%ggég/va@?ﬂﬁgggggméﬁﬁh%ﬁﬁgt)g%g%fﬁ{?@atg?ﬁﬂc rNi'I gP ﬁig&ﬁe%a wel |
pol yst yr éméhg| samplésrausied alps thish studyNJhentast ovait parfainnéd BooRidingf taitiié - hunman

| gA (Sour LU : ’ ' oating buffer (sodium bicarbonate buffer,
Si gma, U§i§ge§ﬂ':5ési é\%%lg@%géyzlﬁ?ﬂ@u%@%r&?s at 37C or overnight at 4C. Wlls
were bl ocked with blocking buffer (5% skimmlk containing 0.1%triton

X100) for__an hour 7C and washed 4 tinmes wth shing buffer (1x PBS
cont ;i ni NgC Irllldg}ect Eﬂsﬁ, a commercial ?(it (Ft’anrzgio, ustraYl% Was®used for the

detection of anti-dengue specific 1IgG antibodies in serum samples used in this

study. The test was performed according to the procedures described by the
manufacturer.

d) IgA capture ELISA (AAC-ELISA): The method described by Talarmin ef
al., 1998 and Balmaseda et.al,.2003 was used with minor modification. Briefly a
96 well polystyrene plate (maxi-absorb, NUNC) was coated with 100l of anti-
human IgA (Source) diluted at 1:500 in coating buffer (sodium bicarbonate buffer,
Sigma, USA) and incubated either 2 hours at 37°C or overnight at 4°C. Wells
were blocked with blocking buffer (5% skim milk containing 0.1% triton X100) for
an hour at 37°C and washed 4 times with washing buffer (1x PBS containing
0.05% Tween 20). 10 pairs of dengue confirmed serum samples (anti-dengue
IgM and 1gG) were used to optimize the test. Each serum sample was diluted at
1:100 in diluent buffer (5% skim milk containing 0.1% triton X100) and 100! of
diluted serum sample was added to each well and incubated for 1 hour at RT. 1
positive and 3 negative control wells were kept in each plate. A mixture of
dengue lysate antigen (1:100) and pan dengue reactive monoclonal antibody
conjugated with HRP (1:1000) (ICL, USA) was prepared in a glass bottle and
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0. 05% Tween 20). 10 pairs of dengue confirmed serum sanpl es (anti-dengue
IgM and 1gG were used to optim ze the test. Each serum sanple was dil uted
at 1:100 in diluent buffer (5% skimmlk containing 0.1%triton X100) and
1001 of diluted serum sanple was added to each well and incubated for 1
hour at RT. 1 positive and 3 negative control wells were kept in each
plate. A mxture of dengue |ysate antigen (1:100) and pan dengue reactive
nonocl onal antibody conjugated with HRP (1:1000) (ICL, USA) was prepared

ina gl a%ﬁcu.ﬁ%iéc# &t R%or % H&Hb@%l a{@% 3?(6‘}%3%%}5%3#% Fd la%‘gﬁe%%[)ﬁéd( (6)

washes of t ate as descri be €n an m xt ure

was addedhboee e‘tﬂﬂpl wé Bhtigerdand dAR hidurd was hdded to @hciRivedi rohdtiheubates hed
again 6 tines. 100l of OPD (Sigma. UK) was then added to each well and
i ncubat edoal hryr aRT Snggthan wasbed agﬁ@ ¢ dEnesi dA0mRf OFR4RIGsID pHOMER t h

st oppi ngttll?%éc%ec( %Rgg’cﬁ Fl BﬁHrihc?u qd?at[ BRdof gq%ﬁ@gergﬁuﬁg r%?ct@ y | SA

reader a were ca ed using a al ue of
t he test themploppdd wmtiesio;bpmglbuﬁee(mWA:@DIpﬁurme!ﬁd)laml thamiteseadhth an

mul tiplyi t he val.u Anti g tures a | gA_ELI SA

Caca, B | ShsARgde 2 in-Refdd Whs e RN ST S 8 B itk 500 o
per well thé teditsanipe shvitiatGby dn eﬂ«@ﬂg@toﬂ ‘ot HeQative eambldadarkt huitiphang

i ncubat ed either over-night at 4C or 1 hour at 37C. After bl OCkI ng the

pl ate wi tthe ¥plveYRy buffer for 1 hour at 37C, 100 pl of pan-dengue MAb
(ICL, USA) diluted at 1:1000 in PBS was added to each well and incubated
at 37C for an hour. After 4 washes, dengue |lysate antigen (1-4) was added
at 1:100 &)i | utAndigent oaptures weiti- dangué rigAbELﬁU-\a(MA\-EMSB)?dHE)I% \a.'ell hour .

The pl at e, was sh tlrres n uff r .and 100] t est
serum at piv}ﬂd&ﬁa})%%m%@ﬁrﬁhéh aYaHbmgBBdﬂ of ang naggsiet and 3
negative oﬁlafednmcmnbogl A dRitiAg ktﬁ.mer'd’l‘ldei%@bbﬂleéteﬁtheﬁfdvéfnn@hhQH 4°Qfori pcubati on
at RT, th was washed again 6 times using wash buffer and 100pl of

rabbi t arholur ahﬁ?r&w ATEER hi@?hlrmgmeddaw with biking: forbBoudaiel ©o018@ch wel |
and furth@ros nan-dengue MAb (ICL, USA) diluted at 1:1000 in PBS was added to each

well and incubated at 37°C for an hour. After 4 washes, dengue lysate antigen
(1-4) was added at 1:100 dilutions to each well and incubated again at 37°C for
an hour. The plate was then washed 4 times using washing buffer and 100pl of
test serum at 1:100 in diluent buffer was added to each well. 1 positive and 3
negative serum controls were kept in each plate. After 1 hour of incubation at RT,
the plate was washed again 6 times using wash buffer and 100ul of rabbit anti-
human IgA conjugated with HRP (1:4000) was added to each well and further
incubated for 30 minutes at RT. Following incubation, the plate was washed
again 6 times and 100ul of OPD (Sigma, USA) was added to each well and
incubated for 5 minutes at RT. Further colour development was stopped using
sulphuric acid (2.75%) and the plate was read in an ELISA reader at 492 nm.
Results were calculated using a formula of OD value of the test sample divided

by an average OD of negative samples and multiplying the value by 5.

f) Comparative analytical sensitivity of ACA and AAC ELISAs The
analytical sensitivity of 1gA captured (AAC) and antigen captured (ACA) enzyme
assays for the detection of anti-dengue IgA in patient's serum was studied by

-39




i ncubated for 30 mnutes at RT. Follow ng incubation, the plate was washed
again 6 tinmes and 1000 of OPD (Sigma, USA) was added to each well and

i ncubated for 5 mnutes at RT. Further col our devel opnent was stopped using
sul phuric acid (2.75% and the plate was read in an ELI SA reader at 492 nm
Results were cal cul ated using a fornmula of OD value of the test sanple
divided by an average OD of negative sanples and nultiplying the val ue by
5. f) Conparative analytical sensitivity of ACA and AAC ELI SAs The

anal ytic e Vv, tured ( d antl en ca ACA)
anayne SRR, Pl e AR enile GRS FAMR Bt SETatr b v
st udi ed tsmﬁmemwemgdmne@ram mnmU%]ﬁeWKerdﬂnﬂ‘dm h tdapiey pefsvA iRy um

sanpl es. ,Serum sar‘g)les were diluted at 1:5 to 1;640 either in serumfroma

heal t hy (RPSeRIIVRHS qnguﬁé’@éiPP%St('@%éGM@da'ﬁﬁ) 196&? giluent baffer and Hse | gA) or
in diluens Gubk %bluﬁ‘iﬁﬁs USRE st8& %lilﬁ’éjﬁsﬁﬁ?% thﬂ‘ﬂér dTD%dSétO"FJﬁoé' ih UG Rfet Werﬁ

further diluted at 1:100 in diluen as wor ki ng solutions and
assays (/Anfearas A@KiEQ| splitiors eandpdhne oaaseus adAfe sand Waﬁblﬁé\) Theee

i nhi biti non ecific n_serum agai nst
i luent  BaTPaPedaS SRSEMISH h8ie R RA GRS B 13RS ysg dealF ol age. o

i nhibiti cspe@ﬁ'd:)gmri@@ﬂ(n@@gambuemem baffetwet balemiateddby teufdsmulargivén uent
buffer) I’LOO g) Standardi zation of assays: Checkerboard titrations showed

that 100 0BO%f anti - mouse I gG, 1001 pan dengue MAb (1:1000 in PBS, and 100l
of lysate antigen at 1:100 dilution) was found as optimum for the assay in
96 well plates (Figure 1% The optimal dilution of serum sanples (1:100)
used in the EPeg®nirge olie @wtrﬁnr(é’d) Byl 06H{EEk walyenirusarue ditueot Ok valnes

anti-human Ig positive and 6 dengue negative anti body
serum sanpl esﬁt@?’]gurgga%ﬁsgl mlarly, the optimal dilutions of rabbit

anti-human | gA-HRP for ACA-ELI SA was determ ned by checkerboard titration
and was %Btl m %aer(ljdé’j}"[cllzation of assays: Checkerboard titrations showed that 100 pl
of anti-mouse IgG, 100! pan dengue MADb (1:1000 in PBS, and 100ul of lysate
antigen at 1:100 dilution) was found as optimum for the assay in 96 well plates
(Figure 1). The optimal dilution of serum samples (1:100) used in the ELISA was
determined by checkerboard titration against anti-human IgA using 10 dengue
positive and 6 dengue negative antibody serum samples (Figure 2). Similarly, the
optimal dilutions of rabbit anti-human IgA-HRP for ACA-ELISA was determined

by checkerboard titration and was optimized at 1:4000.

'The serum dilution of the assay was carried out using a serial dilution of samples
ranging from 12.5 to 1:800. 8 anti-dengue IgA positive and 6 anti-dengue IgA
negative serum samples were used in this assay. A mean of all positive serum
samples were found positive even at 1:800 dilution while none of the negative
samples was positive (Figure 3). 2 samples were slightly above cut-off point and
serum dilution for the assay was fixed 1:100 (4 times negative samples dilution)
and used through the assay.

The ACA-ELISA was developed using 10 pairs of dengue PCR positive acute
and convalescent serum samples collected at 10-37 day interval. Sera were
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The serumdilution of the assay was carried out using a serial dilution of
sanples ranging from12.5 to 1:800. 8 anti-dengue |gA positive and 6
anti-dengue IgA negative serumsanples were used in this assay. A nean of
all positive serum sanples were found positive even at 1:800 dilution
whil e none of the negative sanples was positive (Figure 3). 2 sanples were
.slightly above cut-off point and serumdilution for the assay was fi xed

1: 100 (4 tinmes negative sanples dilution) and used through the assay. The

ACA-ELI Sh, AVRIPRRY rggﬁi{égFlﬁ%%%cgiq{a; tacflf 6&@%3%?}&?'5{%0% H)X\%I&%"éh? and

conval escéent serum sanpl €5 Co 1 rva era were 40
test ed atsefa Kboweddhigbslgvels showtieddritale A atangtedanné etk bitigen

conval es&f:nt Eera showed hi gh levels of anti-dengue |IgA against dengue
lysate anti9YEh®: (Figure 4). Exanple 3: Conparative anal ytical sensitivity
of two I gA assays: The |evel of sensitivities of two anti-dengue | gA assays
(AAC- ELI SA and ACA- ELI SA) was further anal yzed usi ng dengue positive |gA
ser um sarfptample3: 2Comparative anglyticahsensitivity of twerdghassayst i ve serum and

di | uent f f LS | QUL € i 1 um havi n
a high | 2@‘& el ﬁ?%ﬂsﬁﬁ’%ééeﬂ"g’éﬁ‘«ﬁsw éggéyﬁ @«fQCQEL\%A ?@Fu’%}éﬁ'\'f\as found
32 tines HI4SA) semssiurthee drizdyzednusidg | demguebpdditve &R sehemi semples iinrR due to
15 SR T o8 B ) SRR Bt over o
det ecti orRjigtt 416RENEd IRACIHf ARCLEIASAVRERIE Héfing 8 HH evener dilidengse
(negative serum and diluent buffer) and the inhibition of non-dengue

speci fi c 194yawher siiHied in rRegative deruanwasdeunt gRitines tess sapsitivadhan dim - 11. 08%

to -61.7 I S : =Tag A Vo T i, £1d Vi é Lfdeciity - of
aCa ELi SRS dhie B ARl Entiuel bR 8101 bt i oo aB SOLHE NS 16 guie
negat i ve sesen ditugrdngaingeg frolh 43.78% tat 7R te(FAgurecdnval escent stages. Qut of
t he dengue :
- On the other hand, in ACA-ELISA the level of detections of dengue specific IgA
were equal in both the diluents (negative serum and diluent buffer) and the
inhibition of non-dengue specific IgA present in serum diluent was negligible,

varying from -11.08% to -61.76% (Figure 4).

Example 4: The sensitivity and specificity of ACA-ELISA

This was carried out using 296 dengue confirmed and 182 dengue negative
serum samples collected at acute and convalescent stages. Out of the dengue
confirmed samples, 96 were collected between days 1-3 of onset of fever, 97
samples between 3-7 days while 102 were collected between days 10-37 of
onset of fever. 182 serum samples were collected from patients who were
negative to dengue PCR and had developed fever during the collection of
samples. The sensitivity and specificity of ACA- and AAC-ELISAs are showed in
Tables 1 and 2.
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confirmed sanples, 96 were collected between days 1-3 of onset of fever, 97
sanpl es between 3-7 days while 102 were col |l ected between days 10-37 of
onset of fever. 182 serum sanples were collected frompatients who were
negative to dengue PCR and had devel oped fever during the collection of
sanpl es. The sensitivity and specificity of ACA- and AAC- ELI SAs are showed
in Tables 1 and 2. 41 Table 1. Sensitivity and specificity of serum

ACA- ELI SA Den ue real -tinme PCR PositiveNegativeTotal Positivel8016196

Negat i ve 6 - EL| SATot al 292182474 ns{tdyi 9%1.64S ecificit
991. 21 p#%%i%ﬁgg%@%(" Eﬁfe?i'l'cl‘ab? esez’.“"éﬁ%'ﬁbiﬂe sensitivity and
specificity of AAC ELI SA Dengue real -tinme PCR PositiveNegativeTot al
Positi ve95398 Negativell38179317 _AAC-EL|l SATotal 233182415 Sensijtivit

g9 y

=0+

(99 40. 77ppecificity |998. 35 PPV (% 90N rdMothhe PCREXanpl e 5 Kinetics of

anti - dengue TgA and|TgMpro Quer  contl d serum sanpl es
usi ng t we—-anti—dengge—t-gA-al eqatk C) - ELI SA
Positive 196
Negative 278
ACA-ELISA Total 474

Sensitivity (%); 61.64 |Specificity (%) 91.21
PPV (% 91.84 NPV (%) 59.71

Table 2. Showing the sensitivity and specificity of AAC-ELISA

Dengue real-time PCR

Positive Negative : Total
Positive 95 3 98
Negative 138 179 317
AAC-ELISA Total 233 182 415

Sensitivity (%) | 40.77 | Specificity (%) 98.35
PPV (%) 96.94 NPV (%) 56.47

Example 5: Kinetics of anti-dengue IgA and igM production among dengue
confirmed serum samples using two anti-dengue IgA assays and igM
antibody capture (MAC)-ELISA.

The kinetics of IgA (AAC and ACA-ELISAs) and IgM was carried out using 101
dengue confirmed serum samples in 3 sets. A total of 292 samples were
collected at acute and convalescent stages. Each serum samples was collected

in 3 collections {first collection (1-3 days), second collection (3-7 days) and third

42




The kinetics of 1gA (AAC and ACA-ELI SAs) and IgM was carried out using 101
dengue confirnmed serumsanples in 3 sets.. Atotal of 292 sanples were

coll ected at acute and conval escent stages. Each serum sanpl es was
collected in 3 collections {first collection (1-3 days), second collection
(3-7 days) and third 42 collection (10-37 days)} after the onset of fever.
Qut of the dengue positive serum sanples, 35.79% were positive to
anti-dengue IgA on the first collection (1-3 days), 61.46% were positive

Dosi 1 ve Chekint S0 i atief ey 1 or, Oyt e BRROR RATRYESerlR]
det ect i oBahpial, B0T9WALelL b&tivete dntidigder ighgoh I‘tﬁeffirgtst:ollewbh gat3 on
41.67%in the sec d collection and 72.50% in the third col]ectio

Conpar at dagtly 615 br"\éesr@ri?f@'tbﬁe emthe &@ﬁ@‘%cp'@ﬂt'%r(?’ﬁgdﬁi‘% ‘@@i?esﬁé?ir}‘bd of
|11 ness  swamm 3ambRls ¥R pdiitRé’dn helthirg Ebliez:ﬁioﬁ‘??(h Q?Hb 66.67% in the

second collection and 9.61%i1n the thir ectio (Figure 6). Asimlar
| evel of perfornmance of ACA- ELI SA was observed when it was used to detect

aca v O e i, B Bbiion BRER' EAGIRLISR oo aldtBp PRI S} 07

because ablledtion] 4at679g ih Hise isatend eotactRnoind 72-3056 dnldhe Shieg icbilectiopA | n
ACA- ELI SA, whi ch |nh bits 43.71 %t 79. 79% o duri AAC- ELI SA, articularly
in early aiyely, W@S?i“i‘-‘n@%%“t' YedaMegyRg PR PEEPL af WBPSS dengue

cases coO %rﬁ'fdiléwéﬂ“@*ﬁl?% ﬁﬁhe“i’ﬂé@bil@ﬁh’orp e, 19 tﬁé’@edc%@'%dﬂécﬁt@ﬂw I gM

production in secondary infection (Chanama et. a/.2004) where |gA was
found 92.78%11% imwoitiitgt ¢allectipn Figge BT gmylauciﬁ;u%o@gee‘@@nam@tof £LI SA can

D oUSes, BASSE ke bikG0P BB P H Bl S AEEIEA VIPndGAGS cascs

(76.26% anobng rmed Cases - ELI SA
usi ng Salsargples) (FAgured@@n capture anti-dengue | gA ELI SA (ACA-ELI SA): The 96
V\I\/ﬁ{ol pl ate (Max-absorb-NUNC) was coated with 100 pl per well of pan-dengue

The newly developed ACA- ELISA showed better petformance compared to

ACC-ELISA. This is because of eliminaiing the interference of non-dengue

specific IgA in ACA-ELISA which inhibits 43.71% to 79.79 % during AAC-ELISA,

particularly in early phase of dengue illness. The ACA-ELISA also detected more

dengue cases compared to MAC-ELISA, which may be due to the lack of dengue

IgM production in secondary infection (Chanama et. al.2004) where IgA was

found 92.1% in association with IgG. This study suggests that ACA-ELISA can

be used alone or in combination with MAC ELISA to detect more dengue cases

(76.26% among dengue confirmed cases).

Example 6: Development of ACA-ELISA using Saliva

a) Antigen capture anti-dengue IgA ELISA (ACA-ELISA): The 96 well
plate (Max-absorb-NUNC) was coated with 100 ul per well of pan-dengue MAb
diluted at 1:1000 in coating buffer and incubated either over-night at 4°C or 1
hour at 37°C. After blocking of the plate with blocking buffer for 1 hour at 37°C,
dengue lysate antigen was added at 1:100 dilutions to each well and incubated at
RT for 1 hour. The plate was then washed 4 times using washing buffer and

100pl of test saliva at 1:5 in diluent buffer was added to each well. 1 positive and
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diluted at 1:1000 in coating buffer and incubated either over-night at 4C
or 1 hour at 37C. After blocking of the plate with blocking buffer for 1
hour at 37C, dengue |ysate antigen was added at 1:100 dilutions to each
wel | and incubated at RT for 1 hour. The plate was then washed 4 tines
usi ng washing buffer and 100l of test saliva at 1:5 in diluent buffer was
added to each well. 1 positive and 43 3 negative serumcontrols were kept
in each plate. After 1 hour of incubation at RT, the plate was washed
again 6 tjnmes.using washing buffer and 100l of rabbit anti-hupan ] gA
con] ugat STGIANE SR ERRBE Vel Kin i raen S caRaritounat Inclaliah b “each
vel | and HTheRe bRt Rakeshdher ayains tiwiasudhg Whshihg!dufét BAd 100GWTakbEn, t he
pl ate was washed again 6 tines and 100l of OPD {Signa, USA) was added to

each wel Bnghwmaie ifFacedugatedswiih riRR o 140081 Dakneytomatioer Denimatk) was

an EL} oaonedaD, SRPRAEEN SN ndt) BRUGHEa Bl 20 rulile R TR O

val ue of indubatibeSthe $hate Measdivasitieidadyin BtirdyeAaga 00 sFOPBJSidni#, \98Apl es and
multiplying the value by 5. b) Standardi zation of assays: Checkerboard
titrati oN@SsARARHta gagh el andincubaleg der frminuies @b & T T heolirthag celous er |

0. 25ng/ : ' ' ' X ound as
opti mJm@%&élpﬁg%gﬁ%geﬁéqdnéﬁggglﬁ%ISPIHBPgtEe%gE} (#{uée%%%ﬁ?rtr%? E’%?? \lﬁ?al%oi;rl] of saliva
sanpl es (d4BAireader aA92aym deesultsi werd dajculated clsingoa forchuda of @0 waluaghi nst

ti-h ' sl ] f 5d < fi d P .and 5
251 1 va oS AR R By o leda ST B, TP BRI e
opti mal dhé ualuemy sof rabbit anti-human | gA-HRP for ACA- ELI SA and

anti-nouse 1gG for AAC- ELI SA were determ ned by checkerboard titration at
1: 4000 and 1: 3000 respectively. 5 saliva sanples were collected from dengue

were festld attaisth, Shassafy: ORI M e
that all paal dermgusaMAles1:#00Mihi comtidgniguféer, 0.25ng/well) and 100ul of lysate

antigen at dilution 1:100 was found as optimum for the antigen in 96 well plates.

The optimal dilution of saliva samples used in ELISA was determined by

checkerboard ftitration against anti-human IgA using saliva from 5 dengue-

confirmed cases (PCR) and 5 saliva samples from healthy donors as negative

controls. Similarly, the optimal dilutions of rabbit anti-human IgA-HRP for ACA-

ELISA and anti-mouse IgG for AAC-ELISA were determined by checkerboard

titration at 1:4000 and 1:3000 respectively.

5 saliva samples were collected from dengue PCR- positive patients on day 5-7
and 5 samples from healthy volunteers were tested at ranges of 1:1:25 to 1:640
in diluent buffer. Results showed that all saliva samples from five dengue-
confirmed patients showed high levels of anti-dengue IgA against dengue lysate
antigen titres from 1:160 to 1:640 while 5 dengue negative saliva samples did not
show any reaction even at lower dilutions {1:2.5) except 2 which showed a mild
reaction up to a level of 1:1:25 dilutions (Figure-8). Hence, the cui-off point of
saliva dilution for the ACA-ELISA was set at 1.5 (4 times) and used throughout
the study.
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confirmed patients showed high I evels of anti-dengue |IgA agai nst dengue

| ysate antigen titres from1:160 to 1:640 while 5 dengue negative saliva
sanples did not show any reaction even at |lower dilutions (1:2.5) except 2
whi ch showed a mld reaction up to a level of 1:1:25 dilutions (Figure-6).
Hence, the cut-off point of saliva dilution for the ACA-ELI SA was set at
1:5 (4 tinmes) and used throughout the study. 44 The ACA-ELI SA was

devel oped using 184 dengue PCR-confirnmed saliva sanpl es collected at acute

Campl o5 ddPe Lo FLTR Gvep o rorash S oo HEceort, BE o iERd 4 \'3%?. ve to

dengue- PERniphsd collltetphi Yeuts il Esnvarlscent sildgés: Q-myhf-el HAy-4pRGhe were
al so used as negative sanples in this study. 100ul Ci/)an dengue

(1: 4000 i18-%06d rﬁel%@ﬁa@\pewqerr@ilﬁéneﬂ)frqn@awmlwf@rha gae@réwt WgEhs at

1: 100 di tes.
Scanpl ¢ ToIRRLI BEndBUPERTReLd Sie mbIBE cBIGAEE o pEARED gt 75

pr esence vere a@isé uded ase negativiensaaplegainaihiés stedynt Gamipdafeﬁarli-dengl.'lé)mml:engue
ono AN ol B i il Sl
sanpl es \WRorP@&s FduRi é@oﬂﬁﬁﬁmﬂ‘oﬂ%émlg eke 32.40% of saliva and
37.15% of serum were positive to AAC- ELI SA. The ki netics of anti-dengue

| gA produced in saliva during dengue illness was displayed by ACA-ELI SA

showt ng - gagifle’reapltditidrflér aRreRhGHIYA M _ afl'ABA- B ISAGEC! | On and

reached 100% w thin the secon onset ever) and
gradual | yf h@em’BBmme off anti-demguef igiﬁt |In mea E(I’IEI symuma sempled frem 40@Idenfue

dengue- pQsi.t A LI,SA duri.ng 3 ser, | ections at
acutg e ang;%bﬁIJ ég@%ﬁ? %Q%E%Sgg? Hé&'?g?%'l‘;t Fg09uE [ﬂ'&é%%saéfﬂ%'ggl@@f an‘imset of
fever) W(})A-E]J@AP/Q Ré8uIfR3 ¥hawed SthaB 5% M%per:tsawé yanqum(E%doﬁ @eruengue
MAC- ELI SA, ?al i va- based ACA- ELI SA pi cked UE 0% nor e dengue

samples were positive to dengue 1gA by ACA-ELISA while 32. 40% of saliva and

37.15% of serum were positive to AAC- ELISA.

The kinetics of anti-dengue IgA produced in saliva during dengue illness was
displayed by ACA-ELISA showing dengue reactive IgA appeared during early
phase of infection and reached 100% within the second week of iliness (onset of
fever) and gradually declined after the fifth week (Figure 10).

The level of dengue-positive cases detected by ACA-ELISA during 3 serum
collections at acute and convalescent stages (day 1-3, day 4-7 and day 10-37 of
onset of fever) were 61.04%, 70.83% and 54.35% respectively. Compared to
dengue MAC- ELISA, saliva-based ACA-ELISA picked up 50% more dengue
cases between day 1-3 (Figure 11) and this clearly indicated the effectiveness of
this technique in the early detection of dengue infection using non-invasive
samples such as saliva.

45




cases between day 1-3 (Figure 11) and this clearly indicated the
effectiveness of this technique in the early detection of dengue infection
usi ng non-invasive sanples such as saliva. 45 Table 3: 2-by-2 tables show
the sensitivity, specificity, positive and negative predictive values of
sal i va- based ACA-ELI SA on 184 saliva sanples collected between day 1 to 37
of onset of fever. Den gue PCR PositiveNegativeTotal Positivell66122
Negat i ve68148216 Tot al 184154338 Sensitivity (% 63.04 Specificity (9 96. 10

AR5 U T AR R S

haenor r haggdicthey edluéd cPsanva-basddNNOA-BUBSA Idrs 84 aGlies Safrples] 8oIGEEd
haenorrhagi ¢ fever/dengue shock syndrome (DHF/ DSS). Trans. R Soc. Trop.

Med. HygPetvgeergday Bim37 ghemesiofifeves. | M G Guzman, S. Hammond, G Robl et o,
C. Flores, Y. Tellez, E. Videa, S. Saborio, L. Perez, E. Sandoval, Y.

Rodriguezj and E. Harris. 2003.] D agno n rus itnfection b
det ec?i onjof eci H-6—i-mmunoglobull ngﬂ\é Liﬁﬂ?'g: ntibodies in se)r/um
and saliva. dm.‘l n. Plagn. Lab. | nmMesitive egative | Total

< Positive 116 6 122

2 Negative 68 148 216

o Total 184 154 338

®» Sensitivity (% )| 63.04

Specificity (%) 96.10
H

i

Positive predictive value= 91.89%

Negative predictive value= 79.57%
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t hereof said nethod conprising: contacting a biological sanple fromthe
subject with a mxture of flavivirus specific immunogenic conponents; and
determ ning the presence of a conplex that forns between a binding partner
in the biological sanple and a flavivirus specific imunogenic conponent;
characterizing the binding partner in the conplex; and correlating the

bi ndi ng partner to exposure to the flavivirus. 3. A nethod according to
claiml1l or 2 wherein the flavivirus specific inmunogenic conponents are
captureddirgmsa | ysate of cells infected with flavivirus or an equival ent
thereof. 4. A method according to any one of clains 1 to 3 wherein the
flavivirus specific imunogeni c conponents are captured by a nonocl onal

antibody1.5. A netitedforeeesdlingdghtnad ¥uliest Pat @ sp&dificl fdrta flaWiRisebp t he
flavivirus _specific immunogenic conponent is selected fromthe group

i ncl udi n§IRVaEN fhafieofspid dGUMPEHEY-non- structural proteins, flavivirus
particl es and fraﬁﬁﬁﬁtﬁ@ﬁ%ﬁ@bic&l %Elgm@é”fﬂﬁﬁ'tﬂézsdbﬁ%gq@ifrg{éd paARopydr at es

derived fromthe avi vrrus. od accordi ng m5 wherein the
st r uct ur davigirgs epecificingvlregardc componerts; ayxdbup i ncl udi ng envel ope proteins,

Pr menbrane protej and .. nucl eocapsid proteips.. 7. A nethod according to
claim 6 wher o n ciacp e pRHeSHEREN A pOnEleX (B8 ofgp bl or MGG A et hod
accor di ngattegnys aRe ofolsdicdiMsampl® Zndhar gialivirhe Epestfiy| ntBunsdeeid fic

i mmunogeni ¢ conponent is selected fromthe group conprising dengue virus
ser ot ype CPHRGABEEANE conmponents sel ected from the group including DEN 1,

DEN-2, DEN-3 or %récteﬁzin@ B IRGInGCSRtHENE He SopkAvithehehfiidie met hod

det ect s exposure
antibody.

2. A method for detecting exposure of a subject to a flavivirus or equivalent
thereof said method comprising:

contacting a biological sample from the subject with a mixture of
flavivirus specific immunogenic components; and

determining the presence of a complex that forms between a binding
partner in the biological sample and a flavivirus specific immunogenic
component;

characterizing the binding partner in the complex; and

correlating the binding partner to exposure to the flavivirus.
3. A method according to claim 1 or 2 wherein the flavivirus specific
immunogenic components are captured from a lysate of cells infected with

flavivirus or an equivalent thereof.

4. A method according to any one of claims 1 to 3 wherein the flavivirus

specific immunogenic components are captured by a monoclonal antibody.

5. A method according to any one of claims 1 to 4 wherein the flavivirus

specific immunogenic component is selected from the group including flavivirus
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dengue virus serotype selected fromthe group including DEN-1, DEN 2, DEN- 3
or DEN-4. 10. A nethod according to claimb5 wherein the non-structural
protein i's selected froma group including NS-1, NS-2a, NS-2b, NS-3,

NS-4a, NS-4b and NS-5. 11. A nethod according to claim 10 wherein the
non-structural protein is NS- 1. 12. A method according to any one of
clains 1 to 11 wherein the inmmunogenic conponent is an anti-idiotypic
antibody to an antigen binding site of a flavivirus antibody generated in

response strRcREHMOS ﬁoﬁ-@tracl@%]mﬂfe'ﬂs dRvivired paf't'ic%@ fah@‘ﬁa\gh{él'ﬁs Her86tui val ent
thereof. 52 13. A nethod according to any one of clains to 12 wherein the

bi ndi ng 9B&%OPFEeINEslinidy prd caibehydretrscigrived fiam Btﬁjglﬂ%vlft&n i munol ogi cal
fragnent thereof. 14. A nethod according to claim 13 wherein the binding
partner is an anti body expressed in an early stage of a flavivirus

i nfecti o, duA mptlarheed@dingnioeclaim Sdehéretd tHer structural evotoinsisi seflantéd on.  15.
A net hod ;accoy di ng%to any one of Ia ins .1 toOF’;4 wherein the bindin

part ner i@ &nty i 96 '"gl6e”"ﬁq'?§t RERfelns, leﬁﬁm%a%yp%ﬁpsofa@ ains 1

to 15 wheiigigdchped pratgingi rus is selected fromthe group including yellow
fever virus, dengue virus, and JE virus. 17. A nethod according to claim16
wherein the flavivirus is dengue virus. 18. A nethod according to any one

of clai mz3 t o\ Jeber Sl B Wit BAEIIREInaNLINAEG | rofih 1194t i body

that is speC| Ic to a dengue serotype sel group 1 ncluding
DEN- 1, DEnvelopPErbtgiror DEN-4. 19. A nethod according to any one of clainms 1
to 18 wherein the biological sanple is selected fromthe group including
bl ood, saliva, cord fluid, Bcells, T cells, plasm, serum urine and

ami ot i c 81 ui & method according to any one of claims 1 to 7 wherein the flavivirus
specific immunogenic component is selected from the group comprising dengue
virus serotype immunogenic components selected from the group including DEN-
1, DEN-2, DEN-3 or DEN-4.

9. A method according to claim 2 wherein the method detects exposure to a

dengue virus serotype selected from the group including DEN-1, DEN-2, DEN-3
or DEN-4,

10. A method according to claim 5 wherein the non-structural protein is
selected from a group including NS-1, NS-2a, NS-2b, NS-3, NS-4a, NS-4b and
NS-5.

11. A method according to claim 10 wherein the non-structural protein is NS-
1.

12. A method according to any one of claims 1 to 11 wherein the
immunogenic component is an anti-idiotypic antibody to an antigen binding site of
a flavivirus antibody generated in response to exposure to a component derived
from flavivirus or equivalent thereof.
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20. A nmethod according to claim19 wherein the biological sanple is serum

or saliva. 21. A nethod according to any one of clains 1 to 20 herein the
binding partner is characterized using an anti-I1gA antibody. 22. A nethod
according to claim 21 wherein the anti-1gA anti body is bound to a reporter
group. 53 23. A nethod according to claim22 wherein the reporter group is
an enzyme. 24. A solid support for use in a nethod according to any one of

claims 1 to 23, said nethod conprising: contacting a biological sanple

from the 13ubj @Cmethdd sRcHidiigi e abl orfd a¥ ickihys s@epz WherdifTHE QiRih G
conponents or an equivalent thereof; determ ning the presence of a conpl ex

that for rR&MHEE tﬁ@ﬂa\é\wm%ﬁn%@‘lc qré&bpﬁxépr pR évBwinojogiaah raginenbiiereal. sanpl e and
a flavivirus specific inmunogenic conponent; and optionally characterizing
the binding partner in the conplex to correlate the binding partner to
exposur e o t Hemiethwd adoonding mtuimmmomlneremmmimding phitasi igianumntibpdgi fi c
i nmmunogeni ¢ co i.ze oI|d suPport

accor di ngPEeFdi 'H]%eégyggc{o%%l =Y Y'ngﬁﬂgégpc?%cé%ﬁpnﬁoﬁ’a FEELCS 8" di sc, a

magneti c d@méuﬁbm @lpr@néugamfecqphl c sensor, a mcrotitre plate, glass slide
or biological mcrochip or a nmenbrane i ncI udi ng nitrocel |l ul ose nenbr anes,

pol ytetrafl uorethyl ene nenbrane filters, cellul ose acetate nenbrane fllters

and  cel 45 oSy Ridihad &c ik shly! S B Wdifis’d b Sfa ARRREN GAE ifdifg 20 A

kit for detecting IgA 1 n a iI'S speci vivirus or
eqU|vaIemmﬂmBESankﬁkmﬂmwduetect|ng flavivirus exposure conprising: a solid
support including a flavivirus specific inmunogeni c conponent or

equi val ent thereof; or

16. A method according to any one of claims 1 to 15 wherein the flavivirus is
selected from the group including yellow fever virus, dengue virus, and JE virus.

17. A method according to claim 16 wherein the flavivirus is dengue virus.

18. A method according to any one of claim 13 to 17 wherein the binding
partner antibody is an IgA antibody that is specific to a dengue serotype selected
from the group including DEN-1, DEN-2, DEN-3 or DEN-4.

19. A method according to any one of claims 1 to 18 wherein the biological
sample is selected from the group including blood, saliva, cord fluid, B cells, T

cells, plasma, serum, urine and amniotic fluid.

20. A method according to claim 19 wherein the biological sample is serum or
saliva.

_21. A method according to any one of claims 1 to 20 herein the binding

partner is characterized using an anti-igA antibody.

22. A method according to claim 21 wherein the anti-IgA antibody is bound to
a reporter group.
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a solid support including a flavivirus specific I munogeni c conponent or
equi val ent thereof attached to a second support; at |east one detection
agent conjugated to a reporter group for detecting a binding partner in a
bi ol ogi cal sanple that fornms a conmplex with the flavivirus specific

i mmunogeni ¢ conponent; and optionally instructions for using said kit to
further identify the binding partner of the 54 conplex. 27. A kit according
to claim 26 wherein the flavivirus specific i munogenic conponent is

i mmobi lized on a solid support. 28. A kit according to claim 26 or 27
wherein the flavivirus specific _imunol ogi cal agent is captured by a
monocl ondS- ant 'HEHPd asgording iq claige 82 ayhagein ghe reportep grampds @nererer | avi vi r us
speci fic i mmunogeni c conponent is selected fromthe group including
flavivirus virus structural and non-structural proteins, flavivirus

parti cl e4and A saligrreipperitforussin a gleflumpactoeding to ahy phdof alaims drtb@3y dr at es
derived fr % flavivirus. 30. A kit according to claim29 wherein the
structur§?ﬁgb I C§ﬁ?@§ﬂ&xﬂed from the group including envel ope proteins,

Pr menbr ane pr ot e¢dtgactmigd anbielcgi@dRshtble Froh ehBSsubfdet Witk id nf@GRy @Fng to
claim 30 wherein the structural protein is an envelope protein. 32. AKkit

accor di né'aVU'rHﬁ§p%?i@C BRMENEIRRIC seMpenets AR anEdIMARNIthRIePNi rus is  sel ected
from the group i ngidghithg/@le é}g@é,@éeéf_ é’b{)ﬁgleﬁﬁﬂ%?myﬂe%ee 9indndi rus.

33. A kit according to clfaim'32 wherein avivirus 1s dengue rus. 34.
A kit aceartaehgrasentimitime ®logicalesamplrearid avilanivins spesifid insmiunogerigeni ¢

conponent_ | . he group includi ng dengue virus serotype
immnogerﬁohﬁjc?@rgr%g%éﬁg@%%@ytl, DEN-2, DEN-3 or DEN-4. 35. A kit according to

cl ai m 29 wherei n theracteriziagr thet bihdingppateamin thes ebepleddto correlate the
binding partner to exposure to the flavivirus;

said support comprising flavivirus specific immunogenic components
immobilized on the support.

25. A solid support according to claim 24 selected from the group including a
bead, a disc, a magnetic particle or a fiber optic sensor, a microtitre plate, glass
slide or biological microchip or a membrane including nitrocellulose membranes,
polytetrafluorethylene membrane filters, cellulose acetate membrane filters and
cellulose nitrate membrane filters with filter paper carriers.

26. A kit for detecting IgA in a subject that is specific for a flavivirus or
equivalent thereof or for detecting flavivirus exposure comprising:

a solid support including a flavivirus specific immunogenic component or
equivalent thereof; or

a solid support including a flavivirus specific immunogenic component or
equivalent thereof attached to a second support;

at least one detection agent conjugated to a reporter group for detecting a
binding partner in a biological sample that forms a complex with the flavivirus
specific immunogenic component; and optionally

instructions for using said kit to further identify the binding partner of the
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froma group including NS-1, NS-2a, NS-2b, NS-3, NS-4a, NS-4b and NS-5. 55
36. A kit according to claim 35 wherein the non-structural protein is NS-1.
37. A nethod of assessing the relative risk of one or nore subjects being
exposed to flavivirus or an equivalent thereof within a defined | ocation
(e.g. geographical area, housing estate, neans of transport or center for
medi cal treatnment or assessnent), conprising; obtaining sanples froma
representative population within a defined |ocation; and assessing

evi dence compeposure of individual menbers of a sanple population to a
flavivirus or equivalent thereof by the nmethod conprising the steps of
contacting a biological sanple fromthe subject wth a m xture of

flavi vi r@. speckitisecoliMy e eniim 26 Vaweht e AMRvifR! SidEift PemURSgdHiesence of
a conplex that forns between a binding partner in the biological sanple
and a f| &PMAongst isgamatilzed anmsglichsroshponent  and wherein the presence
of the conplex is indicative of exposure of the subject to a flavivirus or
equi val ent thereof; and assessing the relative risk of exposure within the
defi ned [28cat iForkibyaccotdingactoe dlaimn @& her Ri7nditegeipatheneftavivirushgpegfipl ex. 56

immunological agent is captured by a monoclonal antibody.

29. A kit according fo claim 28 wherein the flavivirus specific immunogenic
component is selected from the group including flavivirus virus structural and
non-structural proteins, flavivirus particles and fragments thereof, glycoproteins,
lipids and carbohydrates derived from the flavivirus.

30. A kit according to claim 29 wherein the structural protein is selected from

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

31. A kit according to claim 30 wherein the structural protein is an envelope
protein.

32. A kit according to any one of claims 26 to 31 wherein the flavivirus is

selected from the group including yeliow fever virus, dengue virus, and JE virus.
33.  Akit according to claim 32 wherein the flavivirus is dengue virus.

34. A kit according to claim 39 wherein the flavivirus specific immunogenic
component is selected from the group including dengue virus serotype

immunogenic components DEN-1, DEN-2, DEN-3 or DEN-4.

35. A kit according to claim 29 wherein the non-structural protein is selected
from a group including NS-1, NS-2a, NS-2b, NS-3, NS-4a, NS-4b and NS-5.
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36.  Akit according to claim 35 wherein the non-structural protein is NS-1.

37. A method of assessing the relative risk of one or more subjects being
exposed to flavivirus or an equivalent thereof within a defined location (e.g.
geographical area, housing estate, means of transport or center for medical
treatment or assessment), comprising;

obtaining samples from a representative population within a defined
location; and

assessing evidence of exposure of individual members of a sample
population to a flavivirus or equivalent thereof by the method comprising the
steps of -

contacting a biological sample from the subject with a mixture of

flavivirus specific immunogenic components; and

determining the presence of a complex that forms between a binding
partner in the biological sample and a flavivirus specific immunogenic component
and wherein the presence of the complex is indicative of exposure of the subject
to a flavivirus or equivalent thereof; and

assessing the relative risk of exposure within the defined location by
characterizing the binding partner in the complex.
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