1 COWPETI TI VE ENZYME LI NKED | MMUNCSORBENT ASSAY (C-ELI SA) FOR THE
DETECTI ON OF A FLAVI VI RUS SPECI FI C ANTI BODY FI ELD OF THE | NVENTI ON The
present invention relates specifically to a techni que of detecting exposure
of a human and/ or an animal to a flavivirus or equivalent thereof. Mre
particularly, the present invention relates to a rapid and easy anal ysis
of a biological sanple taken froma %ubject (animal or human) in order to
determne if the subject had been exposed previously to a nenber of the
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differential sero-evaluation to members of a flavivirus infection or equivalent
thereof. The invention is particularly important for the detection of flavivirus.
secondary infection, defining the serotyping of previous infection, sero-

epidemiology and vaccine evaluation.

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 virus West-Nile (WN) and Japanese encephalitis (JE) virus which are
responsible for their corresponding diseases.

Dengue is the most common and widespread arthropod-borne flavivirus infection
in the world and more than 1.2 million dengue infections occur annually while 2.5
billion people are at risk living in the dengue endemic area of the world
(WHO/TDR, April 2005). There are four distinct virus serotypes, each capable of
producing a wide spectrum of signs and symptoms and a primary infection with
one of the four serotypes confers lasting immunity to that type. The chance of

secondary infection with different serotypes still remains.




secondary infection with different serotypes still remains. 2 Although
dengue is endem c in nost of the tropical and subtropical countries, it
occurs mainly in devel oping countries that |ack the healthcare
infrastructure or financial capabilities to readily diagnose dengue
effectively. In Singapore, an uneven _distribution of the two vectors
resulted in the uneven transmi ssion of dengue within the population (Qo
et. a/., 2001). By doing a serological survey, it was determined that a
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method commonly used is complement fixation but this requires antibodies that
are short-lived. More and more laboratories are resorting to the commercial
enzyme-linked immunosorbent assay (ELISA) kits. However, none of these tests
are specific to dengue antibodies and cross-react with other members of
Flaviviruses co-circulating in the same region, like Japanese Encephalitis (JE),
West Nile, Hepatitis C, Yellow Fever, Murray Valley encephalitis etc.

The sensitivities of the performance of six commercially available immunoassay
systems for the detection of dengue virus sbecific immunogiobulin M (lgM) and
IgG antibodies in serum (Goren et al. 2000) have recently been evaluated. The
sensitivities of the dengue virus-specific assays evaluated varied between 71 and
100% for IgM and between 52 and 100% for IgG, with specification of 86 to 96%
and 81 to 100% respectively. The total test time of these tests varied from 7 to
480 minutes. In addition to this, all tests require laboratory equipment support
except Pan-bio RIT and its sensitivity and specificity for dengue 1gG assay were
very low (75% and 52% respectively). However, none of the tests evaluated in

these studies were able to detect dengue specific antibody, but rather were




480 m nutes. In addition to this, all tests require | aboratory equi pnent
support except Pan-bio RIT and its sensitivity and specificity for dengue
| gG assay were very |low (75% and 52% respectively). However, none of the
tests evaluated in these studies were able to detect dengue specific

anti body, but rather were 3 cross-reactive with other flaviviruses. Hence,
the detection of an early secondary PBnfection is rather difficult at
present, because only the presence of dengue specific 1gG during an acute
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antigens; and (iv) the serodiagnosis of past, recent, and present dengue

Vi rus suspected samples. However the technique is rather complicated because of
several reasons - (i} patients may have multiple and sequential infections with the
four dengue virus serotypes due to a lack of cross-protective neutralization
antibodies; (ii) 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 re-
stimulated to synthesize early antibody with a greater affinity for the first infecting
virus than for the present infecting virus in every subsequent flavivirus infection)
in regions where two or more flaviviruses are. co-circulating; (iii) 1gG antibodies
have high degrees of cross-reactivity to homologous and heterologous flavivirus
antigens; and (iv) the serodiagnosis of past, recent, and present dengue virus
infections is difficult due to the long persistence of IgG antibodies (=10 months, as
‘measured by E/M-specific capture 19G ELISA, or life long, as measured by E/M
antigen-coated indirect IgG ELISA) in many dengue patients with secondary
infections (Gubler, D. J. 1996 and Innis ef al 1989).

Thus, among the viral infections that can be diagnosed by serology, dengue virus
infection is among the most challenging. However, great advances in analyzing

the complex viral antigens and antibody responses have recently been made by




infections is difficult due to the | ong persistence of 1gG anti bodies (>_10
nont hs, as neasured by E/ Mspecific capture 1gG ELISA, or life long, as
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The virus neutralization test (VNT) is the gold standard technique currently
available that can be used to distinguish between dengue and other flaviviruses
(WHO manual 2002). The VNT is also used to discriminate among dengue
serotypes (1-4 serotypes). Serum antibodies raised against either virus may
neutralize all dengue serotypes and even other flaviviruses as well but would
neutralize the homologous virus at a higher titre that it would neutralize the
heterologous virus (Makino ef al, 1994). Unfortunately, anti-dengue antibodies
(IgM) developed at an early phase of infection give rises to an equal level of
neutralizing against all dengue serotypes; hence secondary. infection cannot be
determined at this stage by VNT (Nawa et al,, 2000). On the other hand, VNT
has the following disadvantages:

i Needs sophisticated cell-culture laboratory and trained personnel

ii. Duration of test is more than a week '

iii. Serum from a patient with a dengue infection less than six months
cannot be serotyped due to dengue cross-reactive antibodies

1v. Difficult to detect multiple dengue serotypes

V. 10% sera have toxic effect on cell culture




(1gM devel oped at an early phase of infection give rises to an equal |evel
of neutralizing against all dengue serotypes; hence secondary infection
cannot be determned at this stage by VNT (Nawa et at, 2000). On the other
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patients with primary and secondary infections. Although

Recently, Ludoffs ef al., 2002 reported the serological differentiation of infections

with dengue serotypes 1 to 4 by using recombinant antigens. Immunoblot strips

dotted with the B domains of dengue virus serotypes 1 to 4 expressed in

Escherichia coli used to detect dengue serotype specific antibodies in paired

~ serum samples from 41 patients with primary and secondary infections. Although

some cross-reactivity with heterologous serotypes were observed, the results

showed 93.94% specificity, however serotyping is not reliable for secondary

infection by this method.

The problems faced for dengue virus is equally encountered by other flaviviruses,
which share antigenic characteristics, hence make difficult in accurate diagnosis.

There is a need, therefore, for a rapid, reliable, and simple test that can
distinguish flaviviruses specific antibody at any stage of infection from antibody to
other flaviviruses as well as among flavivirus serotypes. Serological detection
procedures have the potential role to play in clinical diagnosis to differentiate
flavivirus infections from other infectious diseases similar to flavivirus as well as
in sero-surveillance studies and vaccine valuation. Such techniques will assist in
the early detection of secondary infection leading to betier case management,
reduced case fatality and cost of treatment.




sonme cross-reactivity wth heterol ogous serotypes were observed, the
results showed 93.94% specificity, however serotyping is not reliable for
secondary infection by this nmethod. The problens faced for dengue virus is
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characteristics, hence nmake difficult in accurate diagnosis. There is a
need, therefore, for a rapid, reliabl & and sinple test that can
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antibody to other flaviviruses as well as anmong flavivirus serotypes.
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immunological agent.

The present invention results from a need to develop a rapid, low cost and
straightforward assay to determine present or prior specific exposure fo a
flavivirus. The invention specifically utilizes a competing flavivirus specific
immunological agent to compete with a binding partner from the host body for the
epitope either specific to flavivirus or to their serotypes presence on the envelope
protein of flavivirus, which includes a mixture of anti-flavivirus IgA captured
components including flavivirus particles amongst other antigens indicative of
flavivirus infection.

Accordingly, the present invention shows greater specificity and sensitivity
compared to other conventional and most currently used flavivirus IgG indirect or
capture ELISA by providing a platform that can specifically identify antibody (IgG)
produced against flavivirus or immunological relatives thereof at any stage of the
infection.




straightforward assay to determ ne present or prior specific exposure to a
flavivirus. The invention specifically utilizes a conpeting flavivirus
speci fic imunol ogi cal agent to conpete with a binding partner fromthe
host body for the epitope either specific to flavivirus or to their
serotypes presence on the envel ope protein of flavivirus, which includes a
m xture of anti-flavivirus |IgA capt ur €d conponents including flavivirus
particles anongst other antigens indicative of flavivirus infection.
Accordin the present. i nvention shows_greater specificity and
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The present invention also provides individual components of the kit for use in
the method of the present invention including solid supports such as microtitre
plates and nitrocellulose membranes on which the anti-flavivirus IgA captured
components are immobilized.

The present invention also provides a method of assessing the relative risk of
one or more subjects being exposed to flavivirus or its equivalent thereof within a
defined location {e.g. geographical area, housing estate, means of transport or
center for medical treatment or assessment), comprising;
a) obtaining samples from a representative population within a defined
location; and
b) assessing evidence of exposure of individual members of a sample
population to a flavivirus or equivalent thereof by the method comprising
the steps of -
i) contacting a biological sample from subject with a component
derived from the flavivirus or equivalent thereof to form a complex
between the components and a subject-derived binding partner of

the component contained within the biological sample;




conponents are imobilized. The present invention also provides a nmethod of
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FIGURES

Figure-1 shows the optimization of dengue lysate antigen on the anti-dengue IgA
captured polystyrene plate. Figure-1 (A) shows a comparison of MAb-captured
and anti-dengue IgA captured ELISA. (a) Detection of dengue virus (serotype-2)
using cell supernatant virus antigen. Virus was diluted at 10-foid dilution (Logo)
starting 10° pfu/ml to 10? pfu/ml in virus diluent. (b) Detection of dengue virus
(serotype-2) using cell lysate antigen. In both cases anti-dengue IgA captured
ELISA showed better performance than MAb-captured ELISA.

Figure-2 shows the optimization of Monoclonal antibodies against each serotype
of dengue lysate antigens. Determination of the optimal dilution of MAbs. (a).
Serial two-fold dilutions of each MAb (1:250 to 1:32000) were reacted with 2-fold
dilution of dengue positive and two dengue negative sera (one was negative to
dengue indirect IgG ELISA and other one was positive to IgG ELISA and yellow
fever VNT but negative to dengue VNT) in a C-ELISA. A MAD dilution of 1:2000
was chosen.

Figure-3 shows optimization of dengue IgG positive and negative sera using
competitive ELISA (C-ELISA). Determination of an optimal dilution of serum for

C-ELISA. Serial two fold dilutions of negative, flavi-cross-reactive and positive




and anti-dengue |1 gA captured ELI SA. (a) Detection of dengue virus
(serotype-2) wusing cell supernatant virus antigen. Virus was diluted at
10-fold dilution (Login) starting 106 pfu/m to 102 pfu/m in virus
diluent. (b) Detection of dengue virus (serotype-2) using cell lysate
antigen. In both cases anti-dengue |IgA captured ELISA showed better

per f or mance than MAb-captured ELI SA. Bigure-2 shows the optinization of
Monocl onal anti bodi es agai nst each serotype of dengue Iysate antlgens
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di stingui shing between negative and positive sanples. Figure-5 shows the
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bl ocki ng dE Ifec Ing tienﬁklhagg out%loaklngprIEeLlI ncu%?r%ulganeous and pre-incubated
competitive ELISA. Comparison of B-ELISA with C-ELISA (Simultaneous and
Pre-incubation addition of MAb). Each datum point is the mean of four values;
moderate positive (Logz 100 TCIDsp, 8) and negative sera. The simultaneous
addition of test serum and monoclonal antibody showed low level of performance
(positive 1:40) compared to pre-incubation and blocking ELISAs (1:160).

Figure-6 shows the results of C-ELISA using 10 triplets serum samples (collected
on day-1, day-4 and day-20) from dengue confirmed cases. The presence of

- dengue specific IgG was detected from the triplet samples from dengue
confirmed 10 patients (by PCR) at day 1, day 4 and day 20. The levels of anti-
dengue specific IgG in the second and third collections were increased
substantially compared to first collection.

Figure-7 shows results of correlation coefficient between C-ELISA and VNT.
Linear regression of anti-dengue 1gG specific serum samples shows a high level
of correlation between C-ELISA and VNT (r=0.91) and indicates a high level of

specificity compare fo “gold standard” technique.
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components to a competing flavivirus specific immunological agent;
determining the presence of a complex that forms between a flavivirus
specific binding partner present in the biological sample and an anti-flavivirus IgA
captured component of the flavivirus in the presence of the competing flavivirus

specific immunological agent. .

The present invention results from a need to develop a rapid, specific, low cost,
straightforward assay to determine present or prior exposure to a flavivirus. The
method uses anti-flavivirus IgA to capture flavivirus antigen preferably from crude
cell lysate. The lysate derives from cells infected with flavivirus comprising a
mixture of flavivirus components, preferably immunogenic components. Subjects
including animals such as mammals and in particular humans are screened for
the presence of flavivirus specific binding partners in a biological sample in the
presence of a competing flavivirus specific immunological agent. The preferred
binding partners are subject-derived binding partners such as, but not fimited to
immunointeractive molecules. Preferably, the immunointeractive molecules are
antibodies particularly immunoglobulin G (IgG) or immunointeractive fragments.
Furthermore, specificity is enhanced with the use of a flavivirus specific
immunological agent as a competitor of the flavivirus specific binding partner in

the biological sample. The identification of such binding partners or competing -




determ ning the presence of a conplex that forns between a flavivirus
specific binding partner present in the biological sanple and an
anti-flavivirus 1gA captured conponent of the flavivirus in the presence
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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 yellow fever, dengue fever and JE. The species of flaviviruses which
make up the genus have demonsirated 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 yellow fever virus, dengue virus West
Nile and JE virus. Due to similarities at the nucleotide and amino acid level,
these viruses may show similarities in antigenicity, fransmission and disease.

Dengue Virus
The term “dengue virus” as used herein the claims and description refers to all
dengue serotypes (Den-1, Den-2, Den-3 and Den-4) associated with a dengue

infection. The present invention is applicable to detecting dengue virus infection




I mmunol ogi cal relatives thereof at any stage of the infection. Throughout
the description and clains of this specification, use of the word
"conprise" and variations of the word, such as "conprising" and

"conprises”, is not intended to exclude other additives, conponents,
I ntegers or steps. Flaviviruses The term"flaviviruses" or "flavivirus" as
used herein the clainms and descriptio i ncl udes the Flaviviridae famly of

flaviviruses including the flavivirus genus which cause disease in humans
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Dengue virus is transmitted to humans through the bites of infected female
Aedes mosquitoes, principally the A. aegypfi mosquito. This is a small, black and
white, highly domesticated tropical mosquito that prefers to lay its eggs in artificial
containers found in and around homes that may hold water such as buckets,
flower cases 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 ef al., 1992; Newton et
al., 1992). The female mosquitoes are nervous feeders, disrupting the feeding
process at the slightest movement of the host, thus returning to the same or
different host to continue feeding. Because of this behaviour the mosquito often
feeds on several persons during a single blood meal and if infective may transmit
the virus to multiple persons (Platt ef al, 1997; Scott et al, 1997). Such
behaviour has been used to explain the epidemiological observation that dengue
diseases occur mainly in chi!drén although in certain places, like Singapore, this
may have changed due to adaptation {o vector control measures (Ooi ef al.,
2001).




sense RNA genone encl osed by an isonetric nucl eocapsid. The genonme encodes
a single open reading frane of about 11000 nucl eotides, coding for the
three structural (C Capsid, M Menbrane and E- Envel ope) and seven non-
structural (NS1, NS2a and NS2b, NS3, NS4a and NS4b, NS5) proteins. Dengue
virus is transmtted to humans through the bites of infected female Aedes
nosqui toes, principally the A aegypt13nnsquito. This is a small, black and
white, highly donesticated tropical nosquito that prefers to lay its eggs
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and synptons. During this viraem c period (which may be between 2 to 7
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infecting virus, the host age and immunological conditions. It may result in
asymptomatic illness or ranges from an undifferentiated flu-like iliness (Viral
syndrome) to dengue fever (DF), fo dengue hemorrhagic fever (DHF), and the
severe and fatal dengue shock syndrome (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 Ili and grade IV

are considered to be dengue shock syndrome (DSS).

Grade | Fever with non-specific constitutional symptoms, and the only
haemorrhagic manifestation is a positive tourniquet test and or easy

bruising.

Grade Il In addition to the manifestation in grade |, spontaneous bleeding in

the forms of skin or other haemorrhages.




nosquito feeds on the host during this viraemc period, this nosquito wl|
becone infected after an obligatory extrinsic incubation period of 10 to
12 days, it would subsequently be able to transmt the virus to other

uni nfected hosts. In this transm ssion cycle, humans are the main
anplifying hosts for the virus although studies show that nonkeys can get
I nfected and perhaps serve as a sourc&for the virus (Putnamet at, 1995;
Gubl er et at, 1976; WHO Fact sheets, 2002). Dengue virus infection causes
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dengue fever (DF), to gue henorrhagic fever (DHF), and the severe and
fatal dengue shockSEMRNOIREURISBSFS.(Ni nmanni tya, 1993: WHO, 1997). The
Wrld 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 Grade I'¢ons Pdefoadd tshoble wdtbngnaetsttable bigod poessuf@sB)pulser BYEIQ,: Fever
W th non-specific q taitutional synptons, and the only haenorrhagic

mani festation is a g }'tive tourni quet test and or easy bruising. G ade
I1: In addition to the manifestation in grade |, spontaneous bleeding in

the fornms_of skin or other haenorrhages. 14 Gade Ill: Crculatory failure
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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., 1983; WHQO). 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 iilness 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 (Gubier DJ., 1998).

DSS is the terminal stage of DHF and is manifested by hypovolaemic shock due
to plasma leakage (WHO, 1997). There are four warning signs of DSS:
sustained abdominal pain, persistent vomiting, restlessness or lethargy, and a
sudden change from fever to hypothermia with sweating and prostration. Early
recognition and appropriate treatment by experienced hospital staff can decrease
the case fatality rate of DSS 10 0.2% but once shock sets in the mortality rate can
be over 40% (Nimmannitya, 1994, ‘Rigau-Perez JG, ef al., 1998).




adults, and they are less likely to be asynptomatic (Sharp et at, 1995).
The fever is abrupt in its onset wth high fever, headache, incapacitating
nyal gias and arthral gi as, nausea vom ting and macul ar or macul opapul ar
rash (Waterman, 1989). The fever usually lasts for 5-7 days and sonetines
can follow a biphasic course (Saddl e back appearance) (N nmmannitya, 1993).
DHF is primarily a disease of the youler children bel ow 15 years alt hough
it may also occur in adults and is mainly associated with secondary dengue
infections (Sumarno et at, 1983; WHO . The critical stage of DHF is at the
time of defervescence, when the tenperature beconmes normal .. The ngj or
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Japanese encephalitis is a disease that is spread to humans by infected
mosquitoes. It is one of a group of mosquito-borne virus diseases that can affect

the central nervous system and cause severe complications and even death.

Japanese encephalitis is caused by the Japanese encephalitis virus, an
arbovirus. Arboviruses are a large group of viruses that are spread by certain
invertebrate animals (arthropods), most commonly blood-sucking insects. Like
most arboviruses, Japanese encephalitis is spread by infected mosquitoes (culex
spp).

Those infected develop mild symptoms or no symptoms at all. In those who
develop a more severe disease, Japanese encephalitis usually starts as a flu-like
iliness, with fever, chills, tiredness, headache, nausea, and vomiting. Confusion
and agitation can also occur in the early stage. The illness can progress to a
serious infection of the brain (encephalitis) and can be fatal in 30% of cases.
Among the survivors, another 30% patients showed permanent neurological

sequlae. .




The nucl eoplasmd is in turn surrounded by |ipid containing the envel ope
and nenbrane proteins. In addition to envel ope and capsid proteins, dengue
virus has seven non-structural proteins NS1, NS2a, NS2b, NS3, NS4a, NS4b
and NS5. Japanese encephalitis virus Japanese encephalitis is a disease
that is spread to humans by infected nosquitoes. It is one of a group of
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Like Japanese encephalitis these viruses often only produce mild general
symptoms, similar to mild influenza.

The diagnosis of this disease has previously been made by detecting antibodies
in serum and CSF (cerebrospinal fluid) by IgM capture ELISA but this has shown
less specificity and the process can take a long time. A vaccine is available but
anti-virals are usually ineffective unless administered within hours of being
infected, hence treatment is mainly supportive. Japanese Encephalitis virus is
not transmitted between humans. Infection with JEV confers life-long immunity.

Equivalents

The term “equivalent” as used herein and applied to the flavivirus 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.
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the present invention may be applied at any stage of exposure as described
above. Preferably, the method is used to detect exposure where there are no
signs and symptoms that are obvious of a flavivirus infection. Preferably, the
method detects exposure of the subject at any phase of flavivirus infection at an
early acute phase for secondary infection or late convalescence stage of
exposure to flavivirus or equivalent thereof for the primary infection or
vaccination. The exposure may not always manifest in a flavivirus infection or
notable signs or symptoms but it will cause a response so as to induce a binding

partner. Preferably, the response is an immunological response.

Immune response or immunologicall 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
Accordingly, the “binding pariner” as used herein is any molecule or celi that is

produced against the foreign flavivirus or equivalent thereof. Preferably, it is an




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 exposut® as described above. Preferably,
the nethod is used to detect exposure where there are no signs and

synptons .t hat are obuious,of ,a.flavivirus infecti.on. Preferabl t.he
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interact with a flavivirus antigen or equivalent and conpete with
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flavivirus or related virus components. However, a binding partner of the targeted

antibody may also be used. An example of such a binding partner is an anti-

idiotypic antibody or an antibody specific for and discriminatory of a subject

antibody specific for the member of the flaviviruses or related virus components.

In the early convalescent stages of flavivirus infection antibody preferably 1gG
derived from previous flavivirus infection is one of the indications of either
secondary or primary flavivirus infection. The antibody may be detected by the
formation of a complex between it and a component of the member of the
flaviviruses. The formation of this immuno-complex with the member of the
'flavivirus specific IgG and antigen at the flavivirus specific or member specific
epitope is indicated by the absence of the attachment of competing flavivirus or
member specific immunological agents.

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 the member of the flavivirus genus or
immunological relative thereof.




such as flavivirus specific nonoclonal antibodies. The preferred binding
partner is an i munointeractive nolecule, which preferably refers to any
nol ecul e conprising an antigen binding portion or a derivative thereof.
Preferably, the inmmunointeractive nolecule is an anti body agai nst any
portion of flavivirus proteins produced during a hunoral response in the
subject of a flavivirus infection orsbxposure More preferably, the

bi ndi ng partner is an anti body produced in the subject to a flavivirus or
rel ated virus conponents. However, a binding partner of the targeted

anti body may also be used. An exanple of such a binding partner is an anti-
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conprised of a
P dengue virus or JE virus.

Cytotoxic cells contained within the biological sample may also serve as binding
partners. The cell may interact directly with the flavivirus or any component of a

cell lysate from cells infected with flavivirus or an equivalent thereof.

Biological Sample

The method of the present invention detects exposure to the flavivirus or
equivalent thereof via the use of a biological sample obtained from a subject
having been potentially exposed to the flavivirus. The biological sample may be
any sample from the body that may contain a binding partner. Such biological
samples may be selected from the group including blood, saliva, cord fluid, B
cells, T-cells, plasma, serum, urine and amniotic fluid. Preferably, the biological
sample is serum or plasma or saliva. Most preferably, the biological sample is

serum or saliva.

It is also preferred that the biological sample is obtained from subjects suspected
of exposure to a flavivirus. A biological sample may also be modified prior to use,

such as by dilution, purification of various fractions, centrifugation and the like.




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
anti body has binding specificity. The fragnents can include the variable
region of at |east one heavy or [|ight chain i munogl obulin pol ypepti de,
and include, but are not |limted to, Fab fragnments, F(ab')2 fragnents, and
Fv fragnments. Preferably the binding %%rtner Is an anti body. Mbore
preferably it is a flavivirus 1gG nol ecule or an inmunointereactive

portion. [ rably. the flavivirus i engue Vvirus or JE
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cel | s or wauigheorprise phe icompeting flaviairus epedific iamunologidad agefit 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 of a
lysate, preferably an immunogenic component of flavivirus or its immunological
relative thereof should be understood as a reference to any method to facilitating
the interaction of one or more immunointeractive molecules of the biological
sample with a component of the flavivirus or ifs immunological relative thereof.
The interaction should be such that coupling or binding or otherwise association
between the immunointeractive molecule and a specific immunogenic component
of the flavivirus or its immunological relative thereof can occur.

The biological sample is contacted with a mixture of anti-flavivirus IgA captured
viral components of flavivirus or equivalent thereof.

Anti-flavivirus IgA captured component.
Anti-flavivirus IgA is used to capture flavivirus or member specific components.
Preferably the component is an immunological component that is reactive to a

flavivirus specific binding partner and a competing flavivirus specific




It should be noted that a biological sanple may al so be devoid of a binding
partner that can interact with flavivirus or an equival ent thereof. This
occurs when the subject has not been exposed to flavivirus or an

equi val ent thereof. Hence "determ ning the presence of a conplex that
forns between a flavivirus specific binding partner present in the

bi ol ogi cal sanple and an anti-flavivi¢us | gA captured conponent” may yield
a zero result as a conplex cannot formin the absence of binding partners.

The only. | ex .t hat y rm.dan this instance | d i
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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. Hence the component provided in the present invention

represents any stage of exposure to the flavivirus and may be an antigen or

portion of the antigen that includes an epitope either specific to all flavivirus or fo

the serotype. The components may be derived from any source including the

flavivirus itself. However, it is preferred that the component is derived from a cell

infected with the flavivirus virus. This may be derived from a cell culture or from

tissue or biological samples infected with the flavivirus. Most preferably, the

components are derived from a culture of cells infected with the flavivirus from

which a cell lysate is obtained.

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. These immunogenic components are captured by anti-
flavivirus IgA. Preferably the flavivirus immunogens are immunogenic
components of the lysate that are capable of eliciting an immunological reaction
to a flavivirus specific binding partner present in the biological sample and to

competing flavivirus specific immunological agents. The lysate provides viral




the IgA is captured by anti-human I gA. The present invention specifically
uses anti-flavivirus |IgA captured conponents as opposed to 1gG or |IgM

whi ch generally results in loss of sensitivity of the test. It has now
been found that the use of IgA to capture flavivirus conmponents can

i mprove the sensitivity of the serological test. IgA can capture flavivirus
conponents react nore specifically w bi ndi ng partner fromrecent

i nfection and exposure. Wien a subject is exposed to flavivirus, the body

I mmune systemreacts to, . initially.remve th iLrus. .Jhi uses chai n of
events gEREESNE]E e REoM Rynifoodnic comRvaenf thal Mavste RIQFRd Bl o hor a
of antigeﬁsivpugaempgagyotfhgdéb@mbmehus or an equi val ent thereof. Hence

t he conponent provided in the present invention represents any stage of

exposure to the flavivirus and may be an antigen or portion of the antigen
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cells infected with the flavivirus from which a cell |ysate is obtained.
In the present invention the cell |ysate preferably conprises a m xture of
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agents. The \WS8LeiPALISH ehiard! o1 cells, LLC-MK2, C6/36 and AP-61 cells),
primary cell lines such as fetal Rhesus lung (FRhL-2) cells, BSC-1 cells, and
MRC-5 cells, or human diploid fibroblasts. A combination of cell types is also
envisaged by the present invention. C6/36 or AP-61 cells are infected with

flavivirus or equivalent. Most preferably the cell type is C6/36.

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
until a cytopathic effect is apparent in the cell culture thereby indicating active

infection of the virus in the cells.

At this point, the celis may be lysed by any method available to the skilled
addressee. Preferably, the use of a hypotonic buffer including a detergent such
as Triton X 100 may be used providing the lysing buffer does not affect the
immunogens of the flavivirus or equivalents thereof but preferably inactivates the

live virus particles.

It should be appreciated that the lysate will contain a mixture of viral

immunogenic components including structural and non-structural flavivirus virus




conponents, preferably imunogeni c conponents that may be provided by the
flavivirus at any stage of its devel opnent. The |lysate of the present

i nvention may be obtained fromany source of cells that have been infected
with the specific nenber of the flaviviruses or equivalent thereof.
Preferably, the cells are infected in an in vivo culture with flavivirus or
equi val ent thereof. Any type of cell 4@y be infected. Preferably, the cel
type is capable of infection and culture of fIavivirus However , S

preferred t.hat cells, capabl.e .of. producing .. hi res of flavi |rus are
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cells arexumkmmﬁed W th fIaV|V|rus or equivalent. Mst preferably the cel
type is C6/36. Cells may be cultured for any period, preferably for a
period which allows the flavivirus to establish and infect the cell. Mre
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the cells. At this point, the cells may be |ysed by any rrethod avai lable to
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[gA. More preferably, the non-structural proteins for the dengue are selected
from the group including NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5. .

The lysate may be processed in any manner. Preferably, the lysate is clarified to
remove nuclei and cellular debris and whole flavivirus particles. The lysate may.

be aliquoted and stored at -70°C to -80°C for future use.

For the dengue virus previous methods 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 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 a flavivirus

exposure.

Competing Flavivirus Specific Immunological Agent
The immunological agent, preferably an antibody or monoclonal antibody is used

to compete with the binding partner present in the biological sample. The




antigens as well as whole flavivirus virus particles. For the dengue virus
these may be selected fromthe group including DEN1, 2, 3 or 4. The

present invention seeks to identify a mxture of antigens by a m xture of
bi nding partners that are generated in the biological sanple in response
to exposure to the flavivirus or an equivalent. Preferably the flavivirus
is dengue virus or JE virus. More m%ﬁ%wably the flavivirus or dengue

specific innunogenic conponent is a structural or non-structural protein
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partner (flaesdas igA t baptbreal a@inqaﬂnenwrpiﬂe.co’ﬁﬁtﬁném)n of the IgA captured
components and a highly specific immunological agent will enhance the
specificity of the test to the member of the flavivirus genus.

Specificity in the test may be enhanced by the degree of specificity of the
competing flavivirus specific immunological agents. Preferably the competing
flavivirus specific immunological agent is an antibody such as a polyclonal
antibody or a monoclonal antibody. More preferably it is a monoclonal antibody
specific for an epitiope of the flavivirus, more specifically to an anti-flavivirus IgA
captured component.

By knowing the antigen o which the antibody is raised, the antigen of the
component can be identified.

Any methods available to the skilled addressee may be used to make an

antibody or monoclonal antibody to the flavivirus virus.

Complex formation
The components and the biological sample are contacted so that a complex may

form between the components and the binding partner present within the




I mmunol ogi cal agent is also reactive to flavivirus specific conponents. Any
I mmunol ogi cal agent that is specific for flavivirus or nore preferably to
an epitope of the flavivirus is preferred. CGenerally the i mrunol ogi cal
agent will be specific to the epitope on the envel ope portion of the
flavivirus virus. Most preferably, the conpeting flavivirus specific

i mmunol ogi cal agent is specific for a#P anti-flavivirus |gA captured
conponent. Since the i munol ogical agent is to conpete with the flavivirus
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The binding partner may also be a cytotoxic cell such as a cytotoxic T-cell from

the biological sample that reacts to the flavivirus immunogens.

A competing flavivirus or member specific immunological agent will also form a
complex with the component if the same epitope is remained free on the
component. Where the binding partner and the immunological agent are specific
for the same epitope, a competition will arise manifesting in an indication of the

presence of the binding partner and prior exposure to flavivirus.

The preferred method of the present invention relies upon the detection of
competing flavivirus or member specific immunological agent with flavivirus
specific binding partners present in the biological sample. The competing
immunological agent and flavivirus or member specific binding partner compete
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.




bi ol ogi cal sanple. Preferably, immunogens of the flavivirus particles,
including but not limted to those of the structural and non-structural
proteins captured by anti-flavivirus IgA having an epitope specific to
flavivirus, will formconplexes with either binding partners or a
conpeti ng £l avivirus specific immunolo Egl cal agent. Preferably, the
specific binding partners are anti bodt%s or fragnments thereof present in
t he bi ol ogi cal sanple. These will only be present when the subject has
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sane epi trapiicular membeneithergesuen the conponent. Were the binding part ner
and the i munol ogi cal agent are specific for the sane epitope, a
conpetition will arise manifesting in an indication of the presence of the
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t he present ngﬁptlon relies upon the detectiaon of ngetln flavivirus or
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partners REap8ARY cb gda@npbfé Rt bithe addiiEA" & tHS' cal

agent andflaviviru nber specific art ner conpete a
conponentimpiunoingi¢al avgent: uﬁm&vegeﬁhgseesmpomerdel imay salse ber |aa|dadf rom a
cell i nfs‘ﬁ'ﬁhﬁ%e‘@u& the flavivirus or an equival ent thereof which has been
captured “using anti-flavivirus IgA. The conplex may conprise one or nore
bi nding partners bound to one or nore conponents derived fromfl avivirus
I th
or an quLHevﬁ"lng{ion p%fgrably u?llzes a flavivirus specific or any particular member
specific antibody to compete with binding partners such as anti-flavivirus specific
or any particutar member specific IgG from the host body for an epitope either
specific to flavivirus or any particular member of the genus or to their serotypes
present on the envelope protein of flavivirus derived from a cell lysate, which
includes a mixture of flavivirus immunogenic components including flavivirus

particles amongst other antigens indicative of flavivirus infection.

The methods and kits of the present invention seek to detect components and
binding partners, which form complexes and are indicative of a flavivirus
infection. These components and binding partners are generated in the course

of a flavivirus infection.

In yet another aspect, the biological sample may be applied to a solid support
such as, but not limited to, a nitrocellulose membrane or polystyrene plate coated
with anti-flavivirus IgA. The solid support may also have the component captured
by anti-human IgA and derived from flavivirus or an equivalent thereof applied to
it. The component derived from a flavivirus or equivalent thereof is then left in

contact with the biological sample for a period of time sufficient and under




The bi ol ogical sanple is left in contact with the conponent derived from
flavivirus or an equivalent thereof for a period of time sufficient and
conditions, which allow the stable formation of a conplex and inhibits the
attachnment of conpetitive immnol ogical agent such as a nonocl onal

anti body specific for flavivirus or an particul ar nenber of the genus.
Once attached, the conpeting flavivir4fs specific i mmunol ogi cal agent may be
added. Therefore, it is preferred to have a pre-incubation step where the

bi ndi ng nt _and c nent are.aldowed to.forma conplex prior to the
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present on the envel ope protein of flavivirus derived froma cell |ysate,
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applied to it. The conponent derived froma flavivirus or equivalent
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components, binding partners and flavivirus specific immunological agents such
- as monoclonal antibodies 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, immunohistochemistry
or antibody-affinity chromatography, Western blot analysis, or variations or

combinations of these or other techniques such as are known in the art.

In a preferred embodiment, the method of detection employs a further detection
agent such as specific antibodies and anti- antibodies conjugated with enzyme,
or simply using an immunogenic agent directly bound to a reporter group such as
an enzyme. A suitable enzyme is horse radish peroxide (HRP) which permits
detection of the complexes formed with competing components. For added
speciﬁciiy, monoclonal antibodies may be employed.

The present invention includes the use of a flavivirus or flavivirus member
specific immunological agent that has a reporter group. The use of this
enhances the speed of which the test can be performed. It reduces the number

of steps required to identify complex formation. A suitable reporter group is an




27 conditions, which allow the stable formation of a conplex in the
presence of conpeting i munol ogi cal agents specific to flavivirus or any
menbers of the genus. Once a conplex is forned, a detection systemis then
added to facilitate the detection of the specific binding of the

I mmunol ogi cal agent in the conplex. Determ ning the presence of a conpl ex
Detecting the conpl ex between the ant#8 f 1 avi vi rus | gA captured flavivirus
viral conponents derived fromflavivirus and a flavivirus specific binding

partner such _a n_i oi nt ereactive nmolecule or flayvivirus_ specific
mmunol oGt EATeagit 28 TRy K ELSURRIR TEROEL SURHRe MY e ART A wi 11 be
known t o famiiae teofthosbekillediih theodrtt he art. It is contenpl ated that procedures

useful for detecting anti-flavivirus |IgA captured conponents, binding
partners and fl avivirus specific immnol ogi cal agents such as nonocl onal
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of the biological sample. The extent to which the binding partner of the biological

sample inhibits the binding of the labeled flavivirus or flavivirus member specific

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 biclogical sample. Antibodies may be prepared by any of a
variety of techniques known to those of ordinary skill in the art (See, for example,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, 1988). In general, antibodies can be produced by ceil culture
techniques, including the generation of monoclonal antibodies, or via transfection
of antibody genes into suitable bacterial or mammalian cell hosts, in order to

allow for the production of recombinant antibodies.

The secondary antibody, which may be conjugated to a label, can be added to
the complex to facilitate detection. A range of labels providing a detectable signal

may be employed. The label may be selected from a group including chromogen,




of steps required to identify conplex formation. A suitable reporter group
Is an 28 enzynme such as HRP. O her suitable reporter groups nay be used and
are famliar to those skilled in the art. The conplex forned by a
conponent of the cell lysate and the binding partner may be detected using
a detection agent that contains a reporter group and specifically binds to
t he conponent/ bi ndi ng partner conpl ex29 Such detection agent may conpri se,
for exanple, flavivirus specific or nmenber specific antibody derived from
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Presentation of the anti-flavivirus IgA captured components

In a preferred embodiment, the methods as herein described involve the use of a
cell lysate derived from a cell infected with a flavivirus or a flavivirus member of
the genus, or the anti-flavivirus IgA captured components (herein referred to
interchangeably as the “components” or the “components of the cell lysate”),
immobilized on a solid support such as a polystyrene or nitrocellulose membrane

to which a binding partner present in a biological sample may bind.

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:
contacting a biological sample from the subject with a mixture of
anti-flavivirus IgA captured components of flavivirus or an equivalent;
subjecting the biological sample and the anti-flavivirus IgA captured

components to a competing flavivirus specific immunological agent




The secondary anti body, which nay be conjugated to a | abel, can be added to
the conplex to facilitate detection. A range of |abels providing a
detectabl e signal my be enployed. The | abel may be sel ected froma group
i ncl udi ng chronogen, 29 an enzyne, a catalyst, a fluorophore and a direct
visual label. In the case of a direct visual |abel, use my be made of a
colloidal netallic or non-netallic p3ticle, a dye particle, an enzyme or
a substrate, an organic polymer, or a latex particle. A |large nunber of
enzynes suitable f use asébabels are di scl osed Iﬁmtgglte t at es Pat ent
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a fiber optic sensor, such as those disclosed, for example, in U.S. Pat.

No.5,359,681.

The binding partner or the component of the cell lysate 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 both 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 immuno-absorption with antibody coated to a well in a
microtitre plate or a simple absorption 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 previously coated with
antibody for a suitable amount of time. The contact time varies with temperature,
but is typically about 1 hour and over night.




equi val ent thereof, said nethod conprising: contacting a biological sanple
fromthe subject with a mxture of anti-flavivirus |IgA captured conponents
of flavivirus or an equivalent; subjecting the biological sanple and the
anti-flavivirus I gA captured conmponents to a conpeting flavivirus specific
I mmunol ogi cal agent 30 determ ning the presence of a conplex that forns
between a flavivirus or flavivirus n&hber specific binding partner present
in the biological sanple and an anti-flavivirus |IgA captured conmponent in

the presence of the cqmpeting. flavivirus specific¢ inmunol glcal agent ;
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scientific literature. In the context of the present invention, the term
"imobi lization" refers to both imuno-absorption or non-coval ent
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preferred embodiments but the invention should not be restricted to this general
description. nor to the dengue virus. The dengue virus is merely a preferred
flavivirus for the purposes of illustration a flavivirus for the invention.

The assay may be conducted as a two-step sandwich assay. This assay may be
performed by first contacting a dengue specific binding partner present in a
biological sample that has been immobilized on a solid support (this may be the
well of a microtitre plate), with the component of a cell lysate as herein described,
such that a component is allowed o bind to the immobilized binding partner.
Unbound sample is then removed from the immobilized complex and a detection
reagent (preferably a second antibody capable of binding to the binding partner
or the component, containing a reporter group) is added. The amount of
detection reagent that remains bound fo the solid support is then determined

using a method appropriate for the specific reporter group.

More preferably, once the binding partner or a component of the cell lysate is
immobilized on the support as described above, the remaining binding sites on
the support are typically blocked. Any suitable blocking agent known to those of
ordinary skill in the art, such as bovine serum albumin or skin milk with either
Triton X 100 or Tween 20 ™ (Sigma Chemical Co., St. Louis, Mo.) The




| mobi | i zation by inmmuno-absorption with anti body coated to a well in a
mcrotitre plate or a sinple absorption to a nenbrane is preferred. In such
cases, adsorption may be achieved by contacting the binding partner or a
conponent of the cell lysate, in a suitable buffer, with the solid support
previously coated with antibody for a suitable anount of tinme. The contact
time varies with tenperature, but isﬁ%ypically about 1 hour and over

ni ght. 31 |Inmuno-attachnment of a binding partner, an anti-flavivirus |IgA
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binding to the target epitope on the attached dengue antigen that is at least about
95% of that achieved at equilibrium between the bound and unbound binding
partner or component of the cell lysate. Those of ordinary skill in the art wilt
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, an incubation time of about 30-60 minuftes is generally

sufficient.

Unbound components may then be removed by washing the solid support with
an appfopriate buffer, such as PBS containing 0.05% Tween 20™ ° Tween 80. A
detection agent which is capable of binding to the component of the cell lysate or
the binding partner, and which contains a reporter group, may then be added to
the solid support. The detection agent is then incubated with the immobilized
binding pariner-component complex for an amount of time sufficient to detect the
bound component or binding partner. An appropriate amount of time may
generally be determined by assaying the level of binding that occurs over a

period of time. Unbound detection agent is then removed and bound detection




or the conmponent, containing a reporter group) is added. The amount of
detection reagent that remains bound to the solid support is then

determ ned using a nmethod appropriate for the specific reporter group.
More preferably, once the binding partner or a conponent of the cell l|ysate
is imobilized on the support as descri bed above, the remaining binding
sites on the support are typically b¥ocked. Any suitabl e bl ocki ng agent
known to those of ordinary skill in the art; such as bovine serum al bum n
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agent may have a reporter group directly to1t. Preferably, the
cont act tinghede,s Buff f iace emnott olimited evte, a fluovescenf idntdcyanate t(rél€ar get

epi t ope de l.ge [ eas u 95%, of t hat
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time. At Enzyme reporter groups may generally be detected by the addition of substrate
(generally for a specific pericd of time), followed by spectroscopic or other
analysis of the reaction products. The substrate can he selected from a group of
agents consisting of 4-chloro-l-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 reporier group to a detection
agent. In one embodiment, multiple reporter groups are coupled to one detection
agent molecule. In another 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 to a detection agent, or linkers that provide multiple sites for
attachment can be used.

In a related embodiment, the method as herein described may be performed in a

polystyrene plate or flow-through or strip test format, wherein the binding partner




roomtenperature, an incubation tinme of about 30-60 mnutes is generally
sufficient. Unbound conponents may then be renoved by washing the solid
support with an appropriate buffer, such as PBS containing 0.05% Tween
20TMor Tween 80. A detection agent which is capable of binding to the
conmponent of the cell lysate or the binding partner, and which contains a
reporter group, may then be added to 34 he solid support. The detection
agent is then incubated with the inmobilized binding partner-conmponent
conpl ex

for an amount of time sufficient to.detect th bound. ¢ onent or
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Chr onogeni ¢ _enzynes_include, but are not limted to, peroxidase_and
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(TRITC, rhodam ne, Texas ycoerythrin. Brotin may et ect ed
using avidin, coupled to a different reporter group (commonly a
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speci fi c cettriysde ¢§ bouns)is irhaldrsetbth hysoitRet cortgiapigcther biologiyal sampleysi s of
the Teactl o pidig Pariner T the biological ‘eample migrates: long the membiang,
through a region containing a detection agent and to the area of the immobilized
component. The concentration of detection agent at the area of immabilized
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 tests can typically be

performed with a very small amount of biclogical sample.

In a simpler version of the strip test or dipstick test, components of the cell lysate
can be immobilised onto a membrane, such as a nitrocellulose membrane.
Strips of membrane may then be subjected to biological samples to form
complexes between the components and a binding partner present in the
biological sample. The complex is then detectable by any means described

above using a detection agent, such as a monoclonal antibody. The dipstick test




agents consisting of 4-chloro-I-naphtol (4CN), diam nobenzidi ne (DAB)

am noet hyl carbazole (AEC), 2,2'azino-bis

(3- et hyl benzot hi azol i ne-6-sul fonic acid) (ABTS), ophenyl enedi am ne (OPD)
and tetramethyl benzidine (TMB). It nmay al so be desirable to couple nore
than one reporter group to a detection agent. In one enbodinment, nmultiple
reporter groups are coupled to one detRcti on agent nol ecul e. I n anot her
enbodi ment, nore than one type of reporter group may be coupled to one
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For exanghmmplé®re than one reporter group may be coupled directly to a
detection agent, or linkers that provide multiple sites for attachnent can
be used. In a related enbodi nent, the nethod as herein described my be
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cell Iyd &Oage%tr?él%‘aﬁgﬁhe FaERlex Enelyligd bhdhenpredust ol theserBprnentabel ed
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m grates al ong the nmenbrane through a region containing a detection agent

and to the area of the imobilized
Solid supports contemplated by the method and kits of the present invention

include any surface to which either the binding partner, components derived from
the flavivirus or any specific member of the group or equivalent thereof or a
competing flavivirus specific immunological agent can immobilize using immuno-
absorption. Examples of surfaces include without being limited to, polystyrene or
membranes including nitrocellulose membranes, polytetrafluorethylene
membrane filters, cellulose acetate membrane filters and cellulose nitrate
membrane filters with filter paper carriers. Most preferably, the membrane is
polystyrene and the membrane is 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 structured to perform immunoblotting 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 components of the cell lysate is
immobilized, an appropriate buffer, a standardised sample comprising a
detectable level of binding agent, and a secondary detection reagent, as herein
described.

A




conponent. The concentration of detection agent at the area of immobilized
bi ndi ng partner-conponent conplex indicates the presence of binding agent
in a biological sanple. 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 partn® imobilized either on the nenbrane
or polystyrene plate is selected to generate a visually discernible
pattern when the biol ogical sanple contains a |evel of a binding agent
that would be sufficient to generate a positive signal in the sandw ch
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Kits
In another aspect of the present invention there is provided a kit for detecting
exposure of a subject to a flavivirus or any member of the family or equivalent
thereof, said kit comprising;

anti-flavivirus IgA captured components from flavivirus;

competing flavivirus specific immunological agent; and

at least one detection agent for detecting a complex that forms between a
binding partner present in a biological sample and an anti-flavivirus IgA captured
component in the presence of the competing flavivirus specific immunological
agent.

Optionally, the kit will also include additional parts such as washing buffers,
incubation containers, blocking buffers and instructions as are necessary for
conducting the method.

Accordingly the present invention provides a kit for detecting exposure of a

subject to flavivirus or any member of the family or an equivalent thereof. The kit




known in the art. Solid supports contenplated by the nethod and kits of the
present invention include any surface to which either the binding partner,
conponents derived from the flavivirus or any specific nenber of the group
or equivalent thereof or a conpeting flavivirus specific immnol ogical
agent can i mobilize using i muno- absorption. Exanples of surfaces include
wi t hout being limted to, pol ystyrene37or menbr anes i ncl udi ng

nitrocel |l ul ose nenbranes, polytetrafluorethylene nenbrane filters,

cel |l ul os filter. IIqus nitrate nefllters
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i nfection" refers to the period of tinme when a Virus I nfected a host
and is addti mayybe spmasiar fgrmndhereire ingividigpl sommanestsa grychatsegaralgly h
infectiognﬁéﬁgg Eever, rush, joint pain and or abdom nal pain. The

"conval escent phase" refers to the stage of flavivirus infection cycle when
flavivirus virus is no longer multiplying or remains in the host blood and
has

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

n 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,
either for use as an immobilized anti-flavivirus IgA captured flavivirus viral
components or as a dot blot or use as a dip stick, which includes components of
the flavivirus or equivalent thereof. Preferably, the plate or membranes include

components selected from the group including flavivirus structural and non-




devel oped bi nding partners such as, but not limted to antibodies. Using
the nmethod 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 fromhis/her previous infection/infections. Kits 1In
anot her aspect of the present invention there is provided a kit for
detecting exposure of a subject to a38 | avivirus or any nenber of the
famly or equivalent thereof, said kit conprising' anti-flavivirus |IgA

captured mila flayivirus speci.fi
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t he conpeting flavivirus specific imunol ogical agent. Optionally, the kit
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which holds the solid support o 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 biclogical 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 any
member of the family 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;
a) obtaining samples from a representative population within a defined
location; and
b) assessing exposure of individual members of a sample population to a
flavivirus or any member of the family or equivalent thereof by the method
comprising the steps of -
i) contacting a biological sample from a subject with an anti-flavivirus

IgA captured component derived from the flavivirus or equivalent




equi val ent thereof. The kit may al so conprise reagents, reporter nol ecul es
capabl e of providing detectable signals and optionally instructions for

use. The kit may be in nodul ar form wherein individual conponents may be
separately purchased. The kit may be a nodul ar kit conprising one or nore
menbers wherein at |east one nenber is a solid support conprising a
anti-flavivirus |IgA captured flaviviri conponent of flavivirus or

equi val ent or cell Iysate conprising an innunogenic conponent derived from
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gl ycoproteins, 'lipid and car bohydrates derived fromthe flavivirus or any

m xture thereof. The solid support nay also be a mcrotitre plate, glass

slide or I 0 ysate
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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

technique of the present invention allows for the monitoring of an infected patient




antigen by imuno-purification using anti-flavivirus IgA fromflavivirus
infected cell lysate. In the case of a nitrocell ul ose nenbrane, the second
support may be a holder, which holds the solid support to inprove
mani pul ati on of the solid support, which has inmobilised conponents of the
flavivirus. For instance, the nitrocellul ose nenbrane may be supported on
a stick that enables the menbrane to 4& di pped into a biological sanple
such as serum This is useful as a conponent of a kit since snmall anounts

of bi ol ogj SR S el e | lve risk
of inf ec%i {)%I%’tqrn yeth%afr;l%? ﬁ'g(?e éﬁbéﬁﬁ"fla\"%ugpgﬁ%cgﬁfI%véﬂ?ﬁ%ﬁégggbﬂpﬁéi des a
met hod ofordlsgresenug intdreedird) phasecof infactioh nedebe therhidicatiohjof ¢ksoruzirng
exposed t . avi vi menper of the fam|l r an equival ent thereof

o f I,r,.ys oy an 0

wi t hi n a'ﬁ@?é‘%@”f’&gﬁ%i Eﬂp(%egmonﬁ%w abmecéub%ﬁ%ént rm@mg#é@wtre? means
of transperktich KENd&HgdeL heffsttiRfic EVGAMTRP] & J8SGRS SHBBK )synaRIfE ! Si ng;
a) obtaining sanples froma représentative population wthin’a defined

| ocat i on;(D&%d- b) assessing exposure of individual nembers of a sanple
popul ation to a flavivirus or any nmenber of the fam |y or equival ent

t hereof by the nethod conprising the steps of i) contacting a biol ogical
sanpl e f rramiher sthbjtectinigid lof dive prasent irvention psovideplaaapany fit idaitifgngnt

derived fromthe flavivirus qr equivalent 39 thereof to forma conpl ex
bot weon (HEICEHBRGH Iiriod WihATH FRRYIC BRRERT PG SRIR ST SaVbREr SBiesent i n
the Dbi ol egréigpes MRS, | AllovAsy Forithe NEpidNBeRicASE NAsKk Uf fuRfief HRBLEN, t hat
forms between a flavivirus specific binding partner present in the
bi ol ogi c&Cigiagdphe lgatiam oban infectinn and diseasprcodpy girateg¥onponent in the
presence of a

A reference herein to a patent document or other matter which is given as prior

art is not to be taken as an 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 - C-ELISA for the detection of dengue specific IgG

1. Materials and Methods

1.1 Preparation of viral lysate antigens for C-ELISA: 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




conpeting flavivirus specific imunol ogi cal agent, wherein the presence of
the conplex is indicative of exposure of the subject to a flavivirus or
any menber of the famly or equivalent thereof; and iii) assessing the
relative risk of exposure within the defined |ocation. Ri sk analysis may be
conducted using software in a conputer, readable form Consequently, the

present invention further relates to 41 conput er readable program and

conput er conprising suitable for anal ysing exposure of subjects or group
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permts fh2 tiMone¢lotal adtibbdidse aPamwdengué Sﬁé@fi(t ALY wetddbistainedwismar e
i nfected wi t(ﬂ@a flavivirus or equivalent thereof w thout major |aboratory

equi prentWrdiEGiEAt SAHTePR (APeMdPKIAsHUK andcinmunepawnCGopsulianis Limited,
i denti fyingas ahb Hts MAKE wWepd HehtFicdBs) C ! ARRIEE s 2 DerRle sé‘l'étﬁ')%' ni ng

| ocations that require further investigation or disease contro appr oaches
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may be the indication of secondary infection and thus, help the nonitoring
of the subsequent phases of flavivirus

1.3 Test sera: A total 360 serum samples were used in this study. These
samples were received from different clinics and hospitais for the diagnosis of
dengue infection using either PCR or virus isolation or serological assays. The
presence of dengue reactive antibodies (IgG) in the sample was initially screened
using two types of dengue virus IgG indirect ELISAs (Pan-Bio, Australia and IVD
Research Inc, Carlsbad, CA 92008, USA) and level of IgG was then determined

using dot-blot EIA by serial dilutions. All samples were preserved at ~80°C until
they were tested by C-ELISA.

1.4 Indirect ELISA: Three types of indirect ELISAs were used in this study.
The commercial kits (Pan-Bio, Australia and VD Research Inc, Carisbad, CA
92008, USA) were used for the screening of dengue virus reactive IgG antibodies
in serum samples and tests were performed according to the procedures
described by the manufactures. In house indirect ELISA was used to evaluate the
MAbs and to determine the optimal viral antigen, MAb and serum dilutions for
use in the competitive assay. Indirect ELISA was performed in 96 well maxi-sorb
polystyrene plates. The maxi-sorb 96-well flat bottom microtiter plates (NUNC,

Denmark) and volumes of 100ul of reagents were used throughout the assay.




I nfection |ike dengue henorrhagi c fever (DHF) or dengue shock syndrone
(DSS). Further, the technique of the present invention provides a neans for
identifying subjects who are infected with any specific nmenber of the
genus of flavivirus and serotypes involved, allowing for the rapid
detection, risk of further infection, ,pointing to the |ocation of an

I nfection and di sease control strat eg@z. A reference herein to a patent
docunment or other matter which is given as prior art is not to be taken as
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0.1% Triton x100) and incubated at room temperature for 30 minutes. After six
times washing, 100ul of goat anti-mouse IgG conjugated with horseradish
peroxidase (HRP) added to each well at 1:3000 dilution in diluent buffer and
incubated at room temperature for another 30 minutes. The optimum dilutions of
goat anti-mouse 1gG with HRP 1:3000, had been determined by direct ELISA
after plates were coated with serial dilutions of MAb. Following incubation, plates
were washed six times and 100ul of OPD (othro-phenelyne-diaimine, Sigma,
USA) was added to each well and incubated at room femperature for 5-10
minutes. Further colour development was stopped after 5-10 minutes by adding

100pl 2 M H2S0O,4 and optimal density was read at a 492-nm wavelength.

1.5 Competitive ELISA (C-ELISA): C-ELISA depends on the blocking of the
binding of MAb to a dengue virus common epitope in the presence of dengue
positive serum. Competition is detected as a reduction in the optimal density
reading obtained with the MAb alone. The amount of decrease in ELISA signal
would be proportional to the titer of dengue virus specific IgG in the serum. The
test was carried out by three ways, namely, simultaneous addition of test serum
and MADb to antigen capture wells leading to a competitive ELISA or addition of

MAb after pre-incubation of half an hour with test serum or one hour pre-




serotype specific nonocl onal antibodies by indirect ELI SA, and all ocated
5001 in eppendrofs and stored at -70C until use. 1.2 Monocl onal

anti bodi es: Pan dengue specific MAbs were obtained from two different
sources (Abcam Oxford, UK and I mrunol ogy Consultants Limted, USA) and
both MAbs were certified by CDC, Atlapnta, USA. Dengue serotypes specific
MAbs (den-1. den-2. den-3 and den-4) re obtained fromICL, USA  The
reactivities of all MAbs agai nst four serotypes of Singapore isolates were

otal 360 PR SRR hactini Ry oq Plialed by ARUERII AL which g o< >

r ecei ved HockinglEESy enB-ELISAI Al ttasd fdrosgis vars tdsted irhthisdstagyosi s of  dengue
i nfection using either PCR or virus isolation or serol ogical assays. The
presence of dengue reactive antibodies (1gG in the sanple was initially

screened FdifidedglidBefoiRs i9blaftRing l&n@(éﬁdﬁé wedEusedii 84 stabiy SAALS tead Bi o,
Australia and | VD Research Inc, Carlsbad, CA 92008, USA) and |evel of 1gG

was t hen iBdhig shidyewera seragnedusipggnors thapy1aisolatesi{Pen-loPen-2a0ersanpl es
were pre v = | 4 |,r ect
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commer ci aditrkalt.sT r(eRmtin&;chilut@ms of gbate m@ehfs/mdkmwrmm&mby clzakestozeld CA
92008, U were.used.for the screening o engue virus reactiye 1gG

ant bod: dura0R Bind, Afuasf pad s FPEGLETib mellS dipapial SBebBRG W T e
procedur efengde3gA ah@d: to0 HinRiofesT Wsad Hﬁiﬁ%en Was Bptinal fohthe fsdayELI SA was used
to evaluate the MAbs and to determne the optinmal viral antigen, MAb and

serumdilutions for wuse in the conpetitive assay. Indirect ELISA was
P o et 8 Stk RS LE o) ol PR paq il '
r eagent s themethed desdrivedptmye, whsherd foay times dfid glatgs weresready & usafaed with
1001 per welly Q% 30N BT IReMssty AR bt BlocRig buffer (PBS with 0.3%
dengue antibodies negative human serum and 0.1% Triton x100) was added to
each well and then 5 pl of test and control sera were added to the respective
wells and are used according to the assay: for simultaneous C-ELISA 50 pl of
specific MAb diluted 1:1000 in blocking buffer was added to wells containing
serum; for pre-incubation C-ELISA, specific MAb was added after 30 minutes of
incubation serum at room temperature and for B-ELISA serum was incubated for
an hour at room temperature, washed six times and specific MAB was added to
each well. After incubations (60 minutes for simultaneous and 30 minutes for pre-
incubation C-ELISASs, ptafes were washed 6 times, and 100ul of a 1:3000 dilution
of HRP-conjugated goat anti-mouse IgG diluted in blocking buffer was added to
each well. The rest of the assay was done exactly as described for indirect
ELISA. In case of B-ELISA, following addition of test sera plates were incubated
at RT for an hour washed 6 times and then added 100 pul of MAb to each well at
1:1000 dilutions. The rest steps were similar to C-ELISA.

1.6  Establishment of optimal MAbs and serum dilutions and test format:
For initial establishment of test parameters, two dengue virus-2 neutralizing

positive sera (1:640 and 1:160), two convalescent dengue sera {confirmed by




i n carbonate/ bi carbonate buffer (Fluka, Biochem ka, Switzerland) buffer at
pH 9.6 and incubated either at 37C for 1 hour or overnight at 4C. The

pl ates were washed one tinme with washing buffer (PBS containing 0.05%
Tween 20) and 1001 of anti-dengue IgA at a predeterm ned optimal dilution
(1:5000) in PBS was added to each we n%‘l The plates were incubated for 1
hour at 37C and washed again one ti and 1001 of dengue |ysate antigens
(Den-1 to Den-4) at predeterm ned dilution of 1:100 in PBS was added to
each wel lp @3& 7 E ation,
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1.5 Conpetitive ELISA (C ELI SA): LI SA depends on the bl ocking of the

bi ndi ng &eINgsPasey "HHhB'GEk'WrbUEeEommn epitope in the presence of dengue
positive serum Conpetition is detected as a reduction in the optinal

density reading obtained with the MAb al one. The anmount of decrease in
ELI SA si gntl Quantificasiopr obGrand FaELISA results aad statlawmaiyslaﬂbpem fic

sl ¢ and BB P pirtple 1838 iiddife, Wher¥ SN sLR¥BRer APE i <
| eadi ng tpresermenpltetuny avdd keSpresseddd pemrndfinhibition (PI), calculated from

mean OD values using following formula

= rOD test sample
EOO B LOD average 181?56} xlOO}
The mean and standard deviation of percent inhibition values from dengue
negative and positive serum eamples_ were calculated and positive cutoff was

established. The relative specificity and sensitivity of C-ELISA were estimated by
using the VNT as gold standard test.

2. Results

2.1  Optimal dilutions of Antigen and MAbs: Since one of the requirements
of C-ELISA was the possibility to use non-purified and non-concentrated dengue
lysate antigens, the strategy adopted was the use of a capture anti-dengue IgA
that was previously captured by anti-human IgA to maxi-sorb ELISA plate. The
technique is able to immune-purify and concentrate the dengue viral antigen from
cell lysate and to present as trapped antigen to a dengue specific IgG (either
from positive serum or specific MAbs). We observed that anti-dengue IgA specific.




MAb after pre-incubation of half an hour with test serumor one hour pre 43
I ncubation with serumwashing six tines followed by addition of MAb which
called blocking ELISA or B-ELISA. Al three formats were tested in this
study. Four dengue serotypes isolated in Singapore were used in this study.
MAbs used in this study were screene‘gﬁusi ng nore than 100 i sol ates (Den-1,
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they were further tested. Figure- 2b expressed the differentials as a function of
serum dilutions. On the basis of the result in Fig. 2b, we adopted the 75 to 80%
saturation dilutions (1:1000) as optimal dilution of the MAbs in subsequent
testing. At the concentration of MAbs, the optimal dilution of serum was the
dilution yielding the peak value. This serum dilution was 1:10 (Fig-3). It is
remarkable that the two MAbs plateau at the same dilution with serum (Fig-2a).
In subsequent testing, we observed that they gave similar results in very test, and
we chose to use Pan-dengue MADb, ICL, USA because of its cheaper value and
availability.

2.3 Test Format: compeﬁtive ELISA versus B-ELISA and incubation
periods: We compared competitive and blocking ELISA by strong, moderate,
weak and negative dengue sera (VNT =1: 640, 1:160, 1:40 and <1:10). This
comparison was extended by evaluating the values for different combinations of
serum and MADbs incubation periods, with sera with optimal dilution. Either MAbs
or serum was added simultaneously or MAb added after pre-incubation with
serum for total incubation periods (serum plus MAb) of 45, 60, 90 and 120

minutes. Figure-4 clearly indicates that the competitive and blocking format yield




1.6 Establishnent of optimal MAbs and serumdilutions and test format: For
initial establishnment of test paraneters, two dengue virus-2 neutralizing
positive sera (1:640 and 1:160), two conval escent dengue sera (confirned by
44 PCR), two yellow fever neutralizing positive sera (1:1280 and 1:80) and
two flavivirus negative sera (VNTzl:%g) were used. First, the MAbs were
titrated by adding serial dilutions :250 to 1:64000) in blocking buffer
to antigen-captured plates and running an indirect ELISA (Fig- la and 2b).
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i nhibition), the mssing conponents being replaced wth blocking buffer.
1.7 Quantification of C and B-ELISA results and statistical analysis: The
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non- concepk At (S161BHR 2 standard deviation or inhibition (6.6). When the flavivirus

cross-reactive serum samples are considered alone (Fig-5, the same cutoff point
is given by the mean plus 3 standard deviations. For the absolute negative serum
samples, the mean plus standard deviations gave a cutoff value of 25%
inhibition.

2.5 Comparison of the VNT and C-ELISA: Figure-6 presents mean endpoint
titers for the two sets of serum samples, as determined by the VNT and C-ELISA.
The overall correlation coefficients between results of the test was (n = 64). By
combining all the samples, the specificity and sensitivity of C-ELISA relative to
the VNT were estimated as shown Table 1.

Table 1 shows comparison of C-ELISA with virus neutralization test (VNT) for
detecting dengue specific antibody (IgG)

Table 1: Virus Neutralization Test (VNT)

Positive Negative Total
Positive 62 0 62
C-ELISA ‘
Negative 2 100 102
Total 64 100 164




| ysate antigens, the strategy adopted was the use of a capture anti-dengue
|gA that was previously captured by anti-human I gA to maxi-sorb ELISA
plate. The technique is able to i mmune-purify and concentrate the dengue
viral antigen from cell lysate and to present as trapped antigen to a
dengue specific 1gG (either from posi I,i ve serumor specific MAbs). W
observed that anti-dengue | gA speci fielas captured antigen purification
foll owed by the detection using dengue specific MAbs (either conplex or
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positive flavivirus serum (yellow fever) at various _concentrations. W
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serumwas the dilution yielding the peak value. This serumdilution was
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| CL, USA because of its cheaper value and availability.

Table 3 shows comparison of C-ELISA with conventional techniques (dengue
capture IgG ELISA) of detecting dengue secondary infection.

Table 2: Anti-dengue IgM/lgG ratio (<1:2 ahd <1:2}

Positive Negative Total
Positive 64 8 72
C-ELISA Negative 51 31 82
Total 115 39 154

Sensitivity = 72/115X100=62.60%, Specificity = 31/39X100=79.48%, Positive
predictive value (PPV)= 64/72X100= 88.89% and Negative predictive value =
31/82X100= 37.80%

Table 3: Anti-dengue IgG Capture ELISA
Positive Negative Total
Positive 54 18 72

C-ELISA Negative 16 66 82




2.3 Test Format: conpetitive ELI SA versus B-ELI SA and i ncubation periods:
We conpared conpetitive and bl ocking ELI SA by strong, noderate, weak and
negative dengue sera (VNT =1: 640, 1:160, 1:40 and <1:10). This conparison
was extended by evaluating the values for different conbi nations of serum
and MAbs incubation periods, with serwm optimal dilution. Either MAbs
or serum was added si nul taneously or added after pre-incubation with
serum for total incubation periods (serum plus MAb) of 45, 60, 90 and 120

m nut es.r Frgure=4—ct elebiély rnci-e 8S that—the gompetitiv 1§‘gd—h"—0t‘kl‘ﬂg
format yield 46 simjl a|1 sensitivity and speciticity. Funtheérnore, a|30 mn
pre-incubation with the serumand further 30 min incubation after adding
MAb resulted jn optimal ~specificity and sensitivity than sinultaneous
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Car | sbad,80&9%2008, USA) and 64 dengue positive sera (VNT>1:20) and the 25
dengue 1gG reactive but negative to dengue virus VNT (<1:10), a cutoff

val ue was established for C and B ELISA (Fig-5). For the two popul ations

conbi ned 2.7 Q-EldSAShnd déiryuliséiotypinigy & heatshivaist sl al¥o Y6 tdiftdrentidie nean
(9.9) plus 2 standard deviation or inhibition (6,6). Wen the flavivirus
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negative serum sanples, e nean plus standarad deviations gave a cutoff
val ue of demgleispiecifictseown Sarples mpeniousin defecter: by/anadehgoeBnpSIclomlgur e- 6
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Den-2, 49.38% dengue-4 and 32,10% to dengue-1 virus respectively. Twenty

percent sera were positive to all three dengue serotypes (Den-2, Den-4 and Den-
1), 38.46% samples were positive to dengue 2 and dengue 4 antibodies, 10.77%
sera had antibodies against dengue 2 and dengue-1 while 12.50% serum
samples were positive to dengue-4 and dengue1 viruses. Serum samples were
tested against dengue serotype 3 due to the low reactivity of serotypes specific

MAD.
Table 4: Dengue Serotyping
Total Den- Den-1 Den-2 Den-4 Den- Den-1 Den-1 Den-2+
samples | specific | specific | specific | specific | 1+Den2 | +Den-2 | +Den-4 Den-4
+Den-4
88 81 26 65 45 13 20 18 25
90.05% | 32.10% | 80.25% | 49.38% | 20% 30.77% | 27.69% | 38.46%

2.8. Fifteen minutes and one-step competitive ELISA: The test was performed

as described in section 2.3 except the competing monoclonal antibody was




the VNT were estimated as shown Table 1. Table 1 shows conpari son of
C-ELISA with virus neutralization test (VNT) for detecting dengue specific
anti body (1gG Table 1: Virus Neutralization Test (VNI)
PositiveNegativeTotal C-ELISAPositive62062 Negative2100102 Tot al 64100164 47
Sensitivity = 62/64 = 1x100=96. 88% cS,i)eci ficity = 100/100 = 1x100=100%
positive predictive value = 62/62*10 %100 and negative predictive value =
100/ 102*100= 98% 2.6 C-ELI SA and Dengue secondary infection: The

sensitivity. an specifd ¢t Yy, @frC ELI faor the detecting.of dengue
secondar fbﬁjr\'gggetdi ‘ﬁﬁh \%B# eabﬁro H%fl’) @@Ia/@qsd%dt W”bﬂ'ﬁ%ﬁﬁ“ Wﬁélt tSERT qngré%; -
anti - dengstel Irgibatish pefod atdsOshortenbd2iromeg0 ntiAles! fdf 85 nhillesaame fvo 2
(primary infection, Shu et a/., 2003) and anti- dengue |1gG capture ELI SA,

whi ch i s SiapsiteAnergtepoThe resplfa the 18ipinutepapinglesstep Bspae Was A9BWErenpar i son
of G ELI QAvvihrkh &%%ﬂ%ﬂt'-@l el Aishte! o ecting
dengue seco\rlpcfgrg I n ect?on?é%;aglﬁg@ggﬁ@evédséﬁt\)dnpér |tgocﬁl@o%té%-@%r@ﬁ \%\Aﬁ&th
convent i ovesl found ABDYLsmiladEradlee5).capt ure 1 gG ELI SA) of detecting dengue
secondary infection. Table 2: Anti-dengue IgMIgGratio (:91:2 and <1: 2)
Posi tiveNegativeTotal Positive64872 C-ELI SANegative513182 Total 11539154

Sensitivity = 72/ 115X4Hle &2 . G6tipatiB6ni df Pdrformrarided Bisnd$0=79. 48% Positive

Total C-ELISA/90 minutes C-ELISA/30 C-ELISA/5
samples and 2 steps minutes and 1. step | minutes and | step
Positive (Pan- | 98 80 (81.63%) 83 (84.69%) 81 (82.65%)
bio 1gG)
Negative 29 1 (3.45%) 3 (10.35%) 1.(3.45%)
(Pan-bio 1gG)

2.9 Competitive ELISA against Japanese Encephalitis Virus:Monoclonal-
based C-ELISA was also established against non-dengue flaviviruses like
Japanese encephalitis virus (JEV) using virus specific monoclonal antibody
(cross-reactive with St. Louis Encephalitis Virus). The plate was prepared using
the protocol described in section 2.3 and JEV antigen was captured instead of
dengue virus. In short, JE lysate antigen (Nayakama strain) was used and
captured by anti-dengue IgA. Anti-JE antibody was produced in rabbit and used
for the development of the assay and 83 human serum samples were screened
using the technique. Of 83 samples 65 samples were positive to flavivirus cross-
reactive 1gG and the reminder 28 sera negative to flaviviruses. Results showed
that 89.23% (58/65) flavivirus reactive sera were positive by JE C-ELISA while
89.29% (25/28) flavivirus negative samples did not react with JE-C-ELISA.
However, validation of the technique was not done using JE confirmed serum
samples. |

3. Discussion




predictive value (PPV)= 64/72X100= 88.89% and Negative predictive value =
31/ 82X100= 37.80% Tabl e 3: Anti-dengue 1gG Capture ELISA
PositiveNegativeTotal Positive541872 C-ELI SANegativel66682 48 Total 70 84
154 Sensitivity= 54/70X100=77.14% Specificity= 82/84X100=97.62% positive
predictive val ue = 54/ 72X100= 75% andggegative predictive val ue= 66/ 82X100=
80.49% 2.7. C ELISA and dengue serotyping: The test was used also to
differentiate the serotypes of dengue virus presence in serum sanpl es
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the outcome of serology in two ways: degradation of antibody and alteration of
pH to a level that hinders antibody binding. In practice, the relatively high dilution
at which serum is screened (1:20 or above) should nullify the second factor.

The superiority of B-ELISA and 30 minutes pre-incubation serum C-ELISA over
simultaneous addition of test serum and MAb may be due to the fact that MAb is
highly purified and has a high-affinity for the epitope than serum antibodies do.
When the two are added simultaneously, only high-affinity serum antibody would
compete in a competitive format, early-primary-response sera, which would
contain mainly low-affinity antibody, tested negative while secondary-response
sera, presumably having high affinity, showed a level of sensitivity comparable to
that of B-ELISA. However the use of conjugated monoclonal antibody specific to
dengue virus has eliminated the lower sensitivity of the technique and similar
results were obtained. The modified technique not only improved the sensitivity of
the test but also reduced the total timing from 90 minutes to 15 minutes and two
steps to one step. The 15 minute, one step C-ELISA makes a tremendous break-
through of the current dengue IgG detection technique and a single test can be
used to differentiate between dengue primary and secondary infection at the
early stage of disease as well as dengue specific sero-surveillance which is
particularly important where there is more than one flavivirus co-circulating.
Currently two types of anti-dengue IgG test are used for the detection of dengue
secondary infection and sero-surveillance.




MAb. Tabl e 4: Dengue Serotyping

Tot al Den- Den- 1Den- 2Den- 4Den- Den- 1Den- 1Den- 2+

sanpl esspeci fi cspeci fi cspecificspecificl+Den2+Den-2+Den-4Den-4 +Den-4
888126654613201825 90. 05%32. 10%80. 25%19. 38%20%30. 77927. 69%38. 46% 2. 8.
Fifteen m nutes and one-step conpetitive ELISA: The test was perforned as
described in section 2.3 except the eting nonocl onal antibody was 49
conjugated with HRP (I CL, USA) and added si mul taneously with test serum

The tot ' t nut es
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flavivirus aan see S VIrds {JEV) using virus specific
nonocl onal anti body (cross-reactlve with St. Louis Encephal itis Virus).
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study but also to diagnose secondary infection through the detection of dengue
specific IgG which patient might carry from the previous infection. According 1o
WHO, only serum having >2560 HAI level of anti-dengue IgG in the early
convalescence phase of dengue infection is considered as secondary infection
(WHO Manual-1982). However, this criterion of detection of dengue secondary
infection may lead the patient to undergo severe form of dengue infection like
dengue hemorrhagic fever (DHF) because of delaying detection procedure and
thus not applicable to take proper patient management. We compare our new
technique with a WHO equivalent test (dengue IgG capture ELISA, Table 3) and
found that C-ELISA is 77% sensitive and 97.62% specific to dengue IgG capture
ELISA and it was also observed that 18 dengue cases despite the presence of
dengue specific IgG, capture IgG failed to detect, while 16 dengue cases were
detected by capture IgG ELISA which were not specific to dengue 1gG. Hence,
the presence of high-level dengue cross-reactive IgG does not mean the dengue
secondary infection, which is a common scenario where more than one flavivirus
is co-circulating. On the other hand, presence of low level of dengue specific IgG
in an early phase of dengue iliness does not rule out the dengue secondary
cases. Another technique described by Shu et al., 2003 using IgM and 1gG ratio
(Table 2) showed 74.67% dengue patients had a secondary infection, which is
pretty high compared to dengue capture IgG and C-ELISA. Under this
circumstance, we found that our invented technique C-ELISA is a powerful fool to

detect secondary infection by detecting dengue specific 1IgG (both at low and high




dengue virus. In short, JE |ysate antigen (Nayakama strain) was used and
captured by anti-dengue I gA Anti-JE antibody was produced in rabbit and
used for the devel opnment of the assay and 83 human serum sanpl es were
screened wusing the technique. O 83 sanples 65 sanples were positive to
flavivirus cross- reactive 1gG and the rem nder 28 sera negative to
flaviviruses. Results showed that 895%3@6(58/65) flavivirus reactive sera
were positive by JE G ELISA while 89.29% (25/28) flavivirus negative
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contain mainly lowaffinity anti body, tested negative while
secondary-response sera, presunmably having high affinity, showed a |evel
of sensitivity conparable to that of B-ELISA However the use of

conj ugat ed nonocl onal anti body specific to dengue virus has elimnated the
| ower sensitivity of the technique ag simlar results were obtained. The
nodi fi ed techni que not only inproved the sensitivity of the test but also
reduced the total timng from90 mnutes to 15 mnutes and two steps to
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dengue henorrhagic fever (DHF) because of del aying detection procedure and
thus not applicable to take proper patient nmanagenent. W conpare our new
technique with a WHO equi val ent test (dengue 1gG capture ELI SA, Table 3)
and found that CGELISA is 77% sensitive and 97.62% specific to dengue 1gG
capture ELISA and it was al so observed that 18 dengue cases despite the
presence of dengue specific 1gG capﬁ”ure lgG failed to detect, while 16
dengue cases were detected by capture 1gG ELI SA which were not specific to
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specific immunological agent.

2. A method according to claim 1 wherein the biological sample and the anti-
flavivirus IgA captured components of flavivirus are pre-incubated to form a
complex prior to subjecting to the competing 'flavivirus specific immunological
agent.

3. A method according to claim 1 wherein the biological sample, the anti-
flavivirus IgA captured component of flavivirus and the competing ﬂavivirus
specific immunological agents are contacted simultaneously prior to determining
the presence of a complex. ‘

4, A method according to any one of claims 1 to 3 wherein the competing
flavivirus specific immunological agent is an antibody specific to an epitope of an
anti-flavivirus IgA captured component of flavivirus.

5. A method according to any one of claims 1 to 4 wherein the competing
flavivirus specific immunological agent is a monoclonal antibody conjugated to a
reporter group.




Simons. AmJ Trop Med Hyg. 23(5):974-82. 56 CLAIM5S 1. A nethod for
detecting exposure of a subject to a flavivirus or an equival ent thereof,
said nethod conprising the steps of: contacting a biol ogical sanple from
the subject with a m xture of anti- flavivirus |IgA captured conponents of
flavivirus; subjecting the biological,;anple and the anti-flavivirus |IgA
captured conponents to a conpeting 9%vi vi rus speci fi c i nmunol ogi cal
agent; and determ ning the presence of a conplex that forns between a
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of the conpeting flavivirus specific immnological agent. 2. A nethod
accordi n% to él)ai iﬁ?@ wher ei n .t he bi ol qgi cal sarral e and the anti- flavivirus
| gA capt Ured EoMSEINERCCOE(Ing fa.dnyiqngsofaams b1q AelisieiBdhe dniidiavius conpl ex

prior to |gNb;RireRdchpbRénts OAREthP@irdd aMnY | 4 Upsateest Ebifs infaetaal wigh cal
agent. 3. A method according to claim1l wherein the biological sanple, the
anti- fl d@vi¥irksis | gA captured conponent of flavivirus and the conpeting
flavivirus specific immnol ogical agents are contacted simultaneously
prior to determning the presence of a conplex. 4. A nethod according to
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speci fic i nmmunol ogi cal agent is a nonoclonal antibody conjugated to a
reporter tber@gf) glycoproteins, lipids and carbohydrates derived from the flavivirus.

9. A method according to claim 8 wherein the structural protein is selected
from the group including envelope proteins, Pr membrane proteins, and
nucleocapsid proteins..

10. A method according to claim 9 wherein the anti-flavivirus IgA captured
component is an anti-idiotypic antibody to an antigen binding site of a flavivirus
antibody generated in response to exposure to an IgA captured component
derived from a flavivirus or equivalent thereof.

11. A method according to any one of claims 1 to 10 wherein the binding

partner is a flavivirus specific antibody or an immunological fragment thereof.
12. A method according to claim 11 wherein the binding partner is an antibody
expressed in an early stage of a flavivirus infection, during convalescence or

derived from a previous infection.

13. A method according to any one of claims 1 to 12 wherein the flavivirus is

selected from the group including yellow fever virus, dengue virus, and JE virus.

14. A method according to claim 13 wherein the flavivirus is dengue virus.




57 6. A nethod according to claim5 wherein the reporter group is an
enzyne. 7. A nethod according to any one of clains 1 to 6 wherein the
anti-flavivirus |gA captured conponents are captured froma |ysate of
cells infected with flavivirus. 8. A nethod according to any one of clains
1 to 7 wherein the anti-flavivirus | captured conponent of flavivirus is
selected fromthe group including flI&Vvivirus structural and non-structural
proteins, flavivirus particles and fragnents thereof, glycoproteins,

| i pids and car bohydrates derived fromthe flavivirus. 9. A nethod according
to claim8 wherein the structural protein is selected fromthe group

i ncl udi ng5env @ mpthodrazcerdisg idclaime B veegeiprihé davisirusisdiE vinwd. eocapsi d
proteins. 10. A nethod according to claim9 wherein the anti-flavivirus |IgA
captured conponent is an anti-idiotypic antibody to an antigen binding

site of agfl aw mitHéd a&BFdlﬁQWclﬁﬁﬁ%%%Feinﬂhé%é%ﬁ&é%eié%t@éﬂﬂfs‘%@tdé’ an 1 gA
captured conponent derived froma flavivirus or equivalent thereof. 11. A

met hod a@l@ague Wi Us seEmtype selestedcirainribe grovp ieludieg 81BNl hBEN-AdPRY-3 par t ner
is aflay 3 specific antibody or an inmunol ogi cal fragment thereof. 12.
A nethod accor ing to claim 11l wherein the binding partner is an anti body
expressed |n an early stage of a flavivirus infection, during conval escence

deri yed 1 t met hod di f
clai me 170 15 W] Ratdel R Fai B whSregt e pamoeRohHeaUG SBRBTFhc udi ng

yel | ow fﬁ’rY]ﬁ’fun\bldgl@al RRAP L aKl dntfboddpediicVio! 4% ephtdpe Aofh&®do derguei ng to
claim 13 wherein the flavivirus is denque virus. 58 15. A nmethod according

to cl ai mvirysweeatyres PRB-1.|RENV, QRN3orpENi4 us. 16. A nethod according to
claim 14 wherein the nethod detects exposure to a

18. A method according to claim 14 or 17 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.

18. A method according to claim 18 wherein the non-structural protein is NS-1.

20. A method according to claim 14 wherein the binding partner antibody is an
1gG antibody that is specific to a dengue serotype selected from the group
including DEN-1, DEN-2, DEN-3 or DEN-4.

21. A method according to any one of claims 1 to 20 wherein the biological
sample is selected from the group including blood, saliva, cord fluid, B cells, T
cells, plasma, serum, uring and amniofic fluid.

22. A method according to claim 21 wherein the biological sample is serum or

saliva.

23. A mixture of anti-flavivirus IgA captured components of flavivirus for use in
a method according to any one of claims 1 to 22.




dengue virus serotype selected fromthe group including DEN-1, DEN 2, DEN- 3
or DEN-4. 17. A nethod according to claim 16 wherein the conpeting dengue
speci fic imunol ogi cal agent is an anti body specific to an epitope common
to dengue virus serotypes DEN-1, DEN-2, DEN-3 or DEN-4. 18. A nethod
according to claim14 or 17 wherein t non-structural protein is selected
froma group including NS-1, NS-2a, = 2b, NS-3, NS-4a, NS-4b and NS-5.

19. A nmethod according to claim 18 wherein the non-structural protein is

NS- 1. 20.247 T3 iRl RSO DANRs bR e RS BHACARBROAMIS gat D"

anti body 1s an IS to a en ue ype sel ected
from t he agptured fnom:da Mategoiﬁuslmfeﬂé‘shﬂlih DENvidusor DEN-4. 21. A met hod
according to any one of claims 1 to 20 wherein the biological sanple is
selected fromthe group including blood, saliva, cord fluid, Bcells, T

cell's, plasmaA akturd abédr@mgafs claifi 28 of 24l sdrfprisiry cﬁn‘lﬁ%hbﬁ@ gsiegtedi ng to
claim 21 wherein the biological sanple is serumor  saliva. 23. A mxture

of anti - fifa ke giespiispudingiiavivirue stpelne tandgfonrstesatyial pteins, flaylving  a
t hod '
anti 11 agrded Snd freterdt ool dlThrdelr, s HaidhrtfhiBiiey'dored

froma nymme)iﬂa\d\érUSS infected with flavivirus. 25. A mxture according to

claim 23 or 24 conprising conponents selected fromthe group including
flavivirus structural and non-structural proteins, flavivirus particles

and fragmst s A hextarf accﬂ:lrdl@lgﬂbQﬂéihﬂ% WHeraeuelah@rs&u@mrﬂodmtzymsemld@tbuved
fromthe flavivirus. 26. m xture according to claim25 wherein the

structureﬁo%rﬁlemgﬁo'i‘% @Qu@gﬂ%danvelope proteins, Pr membrane proteins, and
nucleocapsid proteins..

27. A mixture according to any one of claims 23 to 26 wherein the flavivirus is

selected from the group including yeliow fever virus, dengue virus, and JE virus.
28. A mixture according to claim 27 wherein the flavivirus is dengue virus.
29. A mixture according to claim 27 wherein the flavivirus is JE virus.

30. A mixture according to claim 28 wherein the dengue virus is selected from
the group including DEN-1, DEN-2, DEN-3 or DEN-4.

31. A mixture according to claim 28 or 30 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.

32. A mixture according to claim 31 wherein the non-structural protein is NS-1.
33. A kit for detecting exposure of a subject to a flavivirus or equivalent

thereof, said kit comprising;

anti-flavivirus 1gA captured components from flavivirus;




fromthe group including envel ope proteins, Pr nenbrane proteins, and
nucl eocapsid proteins. 27. A m xture according to any one of clains 23 to
26 wherein the flavivirus is selected fromthe group including yellow
fever virus, dengue virus, and JE virus. 28. A mixture according to claim
27 wherein the flavivirus is dengue virus. 29. A mxture according to -
claim 27 wherein the flavivirus is JBQirus. 30. A mixture accordi ng to
cl aim 28 wherein the dengue virus is selected from the group including
DEN- 1, DEN- 2 3.0r N4 31...A.mi ing,to claim28 or 30
wherein the ng%ﬁg%@pJB%wr&gﬁggﬂcilrgmugg(og&c[agég@D group including
NS-1, NS-2a, WMbietst ohSdatedon4meniNorietaditg d\&rﬁpleﬂhatﬁomgbufmaﬁaor di ng
to claim,a31 wherein the non-structural protein is NS-1. 33. Akit for

det ect i n®Rdip FaHBePregeRl fj 2 iolqdical samlg ¢nd @8 t-i@yinins lsfcaptred eof |
sai d kit c‘bPriBHdeﬁt f}gth@[;s}ésemcavafvmeUéorhg rﬁfpwo&as %Eg@ﬁa%hﬁﬁdimau

flavivirus; 60 a conpeting flavivirus IC I nmu ogi cal agent; and at
| east on@Q@Bt ection agent for detecting a conplex that fornms between a

bi ndi ng partner present in a biological sanple and an anti-flavivirus |IgA
captured  conponent in the presence of the conpeting flavivirus specific

i munol og4cal A agteatcordihg Ao kxtlaunac}a)rvcheremt me:latitunﬁairanmfeer@ reaphered

anti-flavivirus tured onent or the conpet aviyiru
specific Q?F“F}Pé‘ﬁﬂgg%ﬁ “N?Qf“‘@ Jus GPesific o mampb ‘?%SH%?R%BWW %a solid

support. a3ent i ikinkoiiteRrdH #9ofi®sGppdrn 33 or 34 wherein the flavi VI rus
specific "1 nmunol ogi cal agent i1s a nonoclonal antibody. 36. A kit according

to claim33 wherein the anti-dengue |IgA captured
35. A kit according to claim 33 or 34 wherein the flavivirus specific

immunological agent is a monoclonal antibody.

36. A kit according fo claim 33 wherein the anti-dengue IgA captured
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.
37. A kit according to claim 36 wherein the structural protein is selected from
~ the group including envelope proteins, Pr membrane proteins, and nucleocapsid

proteins.

38. A kit according to any one of claims 33 fto 37 wherein the flavivirus is

selected from the group including yellow fever virus, dengue virus, and JE virus.
39.  AKkit according to claim 38 wherein the flavivirus is dengue virus.

40. Akit according to claim 38 wherein the flavivirus is JE virus.




conponent is selected fromthe group including flavivirus virus structural
and non-structural proteins, flavivirus particles and fragnents thereof,

gl ycoproteins, |ipids and carbohydrates derived fromthe flavivirus. 37. A
kit according to claim 36 wherein the structural protein is selected from

t he group including envel ope proteins,, Pr nenbrane proteins, and

nucl eocapsid proteins. 38. A kit acé%*ding to any one of clainms 33 to 37
wherein the flavivirus is selected fromthe group including yellow fever

virus, d ue aVigku JE. Vi L:US. Ki s i wher ei n
the fl avi%\??r ué ikg( gg%ggg'gvi% u%élﬁ&é%mﬁlhaghggﬁéﬁ{ﬁ%ﬁiﬁg é%aqur%afg\éa %r ein the
fl avi vi r usmuwoldgical r agent6is 4l deAgue t spenifar dintigody speaific 89 avhepiopet he
conpeti ng_dengu ecifi.c inmmunol ogi cal t_ i d ue specific

ant | body SOBERGH fo.dengls viths sefplpes BN, DERGERER-Tor HERGE, ofypes DEN- 1,
DEN-2, DEN-3 or DEN-4. 42. A kit according to claim38 or 41 wherein the

non-structural ﬁ_r otein is selected froma group including NS-1, NS-2a,
NS-2b, N423, Kskilacengling tafdainNg8sor 43 whengin the sepdiingiural piIolgimia2
wherein t rak. pr i 1S \¥SH 1. d4 al hh_SYPREr use in
a net hod S?gar e@&‘{ ?%Hlé@ﬁ%%dr}é&g{s :jt’ yt%jz%’clt\létdzob’g@?r g& %IH'I’ Eg%? tdggui val ent
t her eof , M2#5d met hod conpri sing: contacting a biol ogical sanple fromthe
subject with a mxture of anti- flavivirus | gA captured conponents of
flavivirus or an equival ent; subjecting the biological sanple and the

anti-fl awgvi r uskit Sccording 4d emhimaRRRERIH SetortdtR)btiral protdif iNSsonpet i ng
flavivirus specific i mmunol ogi cal agent; determning the presence of a

conpl ex that forns between a flavivirus specific binding partner present in
Che ol o iy saplydidt 16 M rbAaYio b Bhosane eI 11
flavivirus or equivalent thereof, said method comprising:
contacting a biological sample from the subject with a mixture of anti-
flavivirus IgA captured components of flavivirus or an equivalent;
subjecting the biological sample and the anti-flavivirus IgA captured
components of flavivirus to a competing flavivirus specific immunological agent;
determining the presence of a complex that forms between a flavivirus
specific binding partner present in the biclogical sample and the anti-flavivirus
lgA captured component in the presence of the competing flavivirus specific
immunological agent;
said support comprising the anti-flavivirus I1gA captured components

immobilized on the support.

45. A solid support according to claim 44 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,
polytetraflucrethylene membrane filters, cellulose acetate membrane filters and
cellulose nitrate membrane filters with filier paper carriers.




i mrunol ogi cal agent; said support conprising the anti-flavivirus |IgA
captured conponents immobilized on the support. 45. A solid support
according to claim44 selected fromthe group including a bead, a disc, a
magnetic particle or a fiber optic sensor, a mcrotitre plate, glass slide
or biological mcrochip or a nmenbrane |nclud|ng nitrocel | ul ose nenbranes,
pol ytetrafl uoret hyl ene nenbr ane filtdi%s, cellul ose acetate nmenbrane fllters
and ceIIquse nitrate menbrane filters with filter paper carriers. 62 46.
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conpri si mpoééd ofot Fiaviviras s anpiteseduiniient thgrces ewithini \ve dedipgtiatdcatiomd t hin a
defined |ocation; and b) assessing exposure of individual nenbers of a
sanpl e p&PIEEI"Yn to a flavivirus or equival ent thereof by the method

conpri sing t h%bﬁlﬁﬁﬁr Qémple)s fERT 3 rbpl@santatiod Og%pg.ﬂ’étso?la'mﬂh?n T Qefinedubj ect

wth an anti-flaviv | gA captured conponent rived fromthe flavivirus
or equi val ent quaﬂenemdto forma conpl ex between the conponent and a

flavivir s i fi. indi r i 1,01.0Qi S le; ii)
determ niLb gt %gg%gsé@%%ggg%fr}gt @%gg%agﬁ%ﬁgérsf@r %r:seaggéig eoﬁiuia%opl %\r/Tlgw rus
speci ]1: : ¢ bi ndiflagivivas bnequipaleatiierddi biyhiee hieﬁlrw]@cg bcmbrismgmh@ste@ecbfan
anti-flaviviruys IgA captured co ent in the presenc a eting
flavivirus spibm fi GOPWEUWJ?% I(?gréag ple Wigrar ‘t‘PiiBWeW‘%b @é\%@ FUBhe
conpl ex is indicat 'IQ’A? c‘ébt@é@%%ﬂrﬁm%t HBﬁvéd“?do?&tthé @Ia@uwrué Y| juivitert’
equi val ent thereof;  and c) assessi n? the relative risk of exposure within
the defined |ocati @iTcereof to form a complex between the component and a flavivirus
specific binding partner present in the biological sample;
ii) determining the presence of the complex that forms between a
flavivirus specific binding partner present in the biological sample
and an anti-flavivirus IgA captured component in the presence of a
competing flavivirus specific immunological agent, wherein the
presence of the complex is indicative of exposure of the subject to a
flavivirus or equivalent thereof; and

C) assessing the relative risk of exposure within the defined location.




