DI AGNOSTI C TEST FI ELD OF THE | NVENTI ON The present invention rel ates
generally to a techni que of detecting exposure of human and or animal to a
dengue virus or equivalent thereof. Mre particularly, the present
invention relates to a rapid and easy anal ysis of a biol ogical sanple

taken froma subject (animal or human) in order to determine if the subject
had been exposed to a dengue virus or equivalent thereof. The present
invention further provides medi caPIABNOSIETEST ts for the detection of
dengue virus infection or equival ent thereof. BACKGROUND The dengue is

t he nost common and w despread arthropod-borne viral infection in the
worl d and nore than 50 mllion dengue infection occur annually and the

geographi cal spread, incidence g DTy Mgf(g ue fever are increasing
in the tropics (WHO, May 2002). j?ﬂ'e?e ar"eiE lggrE Sltql nct virus serotypes,

each capabl e &he presanéinvgntionialetes geverliytas tettmigIccofcedgutingamposwacbfa

i nfec f rot fer astin |m"run|
Po that type. nufEndntibraffngiio oot iF b b BRI ROG: VPR Aty y pos
still renai nthe mbsmug\lferﬂiengelatesstoandpm and éasmtaly@fs df@blblbgi@lal:@dmﬁéd
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di agnose dengbeeretkpedddviel y dehgueSlingapOEQuivalBnt tHBRIGEN Tﬂbsﬂrés@mtlhﬁhu@ﬁ the
ssion of dengue within the

two vectors r Itedl t he ven trans

popul ati on. G‘"%Sf rRjoyeg %rrﬂ?‘t‘;ﬁﬁﬁ § gggﬁt{pei;ts ifor W %@Pm pledengygitvinischange
in the | ocatiimfectibelof edeingient INarecicqui red coul d have occurred. This
finding may aid in the nodification of vector control prograns to target
new areas of transm ssion. However, only four sero-epidermal surveys have
been conpleted so far. The high cogackcRaemmtory tests or the lack of
reagents needed contributes to so few surveys being conduct ed.

Tr adi ti onal | yTNe Ryl if itheit Mest icarneen jand witkespreass artbeepadebatee evital

antibodi es agmfdtsibn 4B Mforld and more than 50 million dengue infection occur annually
and the geographical spread, incidence and severity of dengue fever are
increasing in the tropics (WHO, May 2002). 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.

Although dengue is endemic in most of the tropical and subtropical countries, it
occurs mainly in developing countries that lack the healthcare infrastructure or
financial capabilities to readily diagnose dengue effectively. in Singapore, an
uneven distribution of the two vectors resulted in the uneven transmission of
- dengue within the population. By doing a serological survey, it was determined
that a change in the location where dengue was acquired could have occurred.
This finding may aid in the modification of vector control programs to target new
areas of transmission. However, only four sero-epidermal surveys have been
completed so far. The high cost of laboratory tests or the lack of reagents
needed contributes fto so few surveys being conducted.  Traditionally,
hemagglutination inhibition (HA!) was used to detect antibodies against dengue.
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1 However this nmethod requires nouse brain-derived antigens that are not
readily available due to the difficulties in growing such cells. Another
met hod comonly used is conplenent fixation but this requires antibodies
that are short-lived. More and nore | aboratories are resorting to the

commer ci al erlrxn)o\mae.L th@tHo@Tl’éQ@iﬁéﬁthéﬂée B:%’ﬁaue&@d' arfiheld ﬂw%t a ?eé}cﬁl%t s
require the use_ . acﬁ: enS|ve mat eri al (pol ystyrene)
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m nutes. In awﬁdlaanost@ kitﬁsseqtuieti.tests reqw re | aboratory equi pment
support except Pan-bio RIT and its sensitivity and specificity for dengue
| gG assay were very |ow (75% and 52%respectively). The imune response to

dengue virus U'Iae|seBS|tmt|¢13rmfrthey)ebferrﬁat&:e&ﬁ(mﬂdﬁﬁMerdiélfy%lléHIé irAMdndagdayper son
to. person. Therefore sevgec:%RBo? chniques are often . used in conbinhation
t

to confirma SAEENSAOSLR Sengve M sretifisdmrannoalghadn M (o) and
det ect abl e i nmyGangtikaeids iR sM'urﬁ kGdlen éi‘\é#rlz(ﬁ)@y%?é ré?:%ﬁﬁy Béér?évélt'i'ﬁed' fthgction

has cl eared. The kLnetl @8 i mrunogl obulin A (1 gA) response t dengue

i nfection hasSHEUYUSS R ”Pd{fHé SPReific |agRap pealvated | vared @E\Neeﬂaﬂ same
time of |gM anad saoeber wanésemmﬁz éﬁtﬁ@bﬁ?@@;@ fith3p L&inCiticf et ﬂ

I nfection (Balppaseda et a ' 2003) Alternate ostic ssa S engu
di agnosi s ar e he k& ©© 1R0% eeppretivaly. Ilaﬁ%utqtaldeﬂct@n@of:theae;emwerm foahl y and

speed and conyapi £C finutss.0 1R HUdeflon BElHRST r i enti al
Co play a role Pno Mo d agdﬁljgsﬂn % fh‘?sc AIPRsl &Y Igﬁoa%rf equ%n?entt
support except Pan-bio RIT and xts sensitivity and specificity for dengue IgG

assay were very low (75% and 52% respectively).

The immune response to dengue virus varies in primary versus secondary
infections and from person to person. Therefore, several techniques are often
used in combination to confirm a case of dengue. Not all dengue infections
result in detectable immunoglobulin M (IgM), even several days after the
infection has cleared. The kinetics of immunoglobulin A (lgA) response to
dengue infection has been studied and found that IgA appears almost at the
same time of IgM and can be used as one of the diagnostic tools of dengue
infection (Balmaseda et al., 2003)

Alternate diagnostic assays for dengue diagnosis are therefore needed which
can provide accuracy specifically and speed and convenience. Serological
detection procedures have the potential to play a role in clinical diagnosis to
confirm dengue infection from other infectious diseases similar to dengue as
well as its sero-surveillance studies.




confirm dengue infection fromother infectious diseases simlar to dengue
as well as its sero-surveillance studies. 2 SUMVARY OF THE INVENTION I n a
first aspect of the present invention, there is provided a nethod for
detecting exposure of a subject to a dengue virus or equival ent thereof,
said nethod conprising: contacting a biological sanple fromthe subject
with a mxture of imunogenic conponents derived froma |ysate of cells
infected with dengue virus or an equival ent; and determ ning the presence

of a conplex that fornms betweesy ﬁNfAWUWTH?QNVERI“HOIQ the biol ogical sanple
and a i mmunogeni ¢ conponent of the lysate resent invention results

froma need tdn Q%J@toﬁsféﬁcfa}ilﬂie pmecbmveam @eraughnrdwﬂenhadmﬁmyfaro
determ ne pre The i nyenti.on
specifically Sﬁ CtIR% e@éb I ysa {)ﬁ ot %g?r%ggs%mﬂg? qu\VQ]teﬂfﬁ'eg?Of 83‘nge
virus i mrunogéﬂﬁtbomio@mpﬂﬁngs i ncludi ng dengue virus particles anpngst

ot her antigens ind Vi ru |nfe tion,.Thesg may .inclu
structural and nonbérﬁyra%ﬁé ralb?o$$¢1§$ B?'BPE& & JUpisg EE q,d@ H&Fﬁ qrhe
present i nvelmimsnogenivicdepohentsaddrivet fame et IysmaQ:ff 36 fHiectb RO gSRTRIet hat

may be used ecti.n nti-dengue anti bodies ( 1gG IgMand/or |IgA) or
prior exposure?P%gP% 8q'ﬂf¥%8{a}‘eaogrus or equival ents thereof. Most

preferably, the | ydeﬂeanmtn@t menpreséhée@flﬂ@émgiéd tAQINfoPinG UsdiWEan apblﬁaﬁnﬁs
i ncl udi ng but d to NS1, NS2a NS3, NS4a, 5

'ong i th ot RaRMerdnghe Bisctiel saveltcaia mmiBssaN G ryponeRtopihe dset.

I nvention shows greater sensitivity conpared to other conventional and
nost currently used dengue | gG ELI SA by providing a platformthat can
identify anti ﬁ@&yprﬁﬁ%’ﬂd%%ﬂt@@ar%%S denyaensad tas develop entamisl, dgwcedst @adat i ves

thereof at angtraigR8srwld %Qé‘ay 0] E%I'rﬁl?re n%r@ é(rﬁtoraﬁ}%trcgbo&ﬁ‘g%tdenggg virus.

bi ol ogi cal sanple nay be applied to a rane su
to, a nitrocellPglig¥entioanspeaiicaliy ditilizrs @oeglblyvsate, which includes a mixture of

dengue virus immunogenic components including dengue virus particles
amongst other antigens indicative of dengue virus infection. These may include
structural and non-structural viral proteins. The lysate as used in the present
invention provides for a full spectrum of dengue immunogens that may be used
for detecting anti-dengue antibodies (IgG, IgM and/or IgA) or prior exposure to
the dengue virus or equivalents thereof. Most preferably, the lysate contains
structural and non-structural proteins including but not limited to NS1, NS2a, -
NS2b, NS3, NS4a, NS4b and NS5 along with other dengue virus immunogens.

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

“In yet another aspect, the biological sample may be applied to a membrane
such as, but not limited to, a nitrocellulose membrane and the component
derived from dengue virus or an equivalent thereof added. The complex formed
by a'component of the dengue cell lysate and the binding partner may then be




derived from dengue virus or an equival ent thereof added. The conpl ex
formed by a conponent of the dengue cell |lysate and the binding partner
may then be 3 detected using a detection agent that contains a reporter
group and specifically binds to the conponent/binding partner conplex. In

anot her aspectdetdctédBsiRg @Stbctiohvaidnt Biht tcBﬁlraﬁls'aSre%ﬂ1¥f %%qa%nﬁ' ﬁae&ﬂéqﬂg ding a

det ecti ng dengue Vi rus exposure conprisin

conmponent derlbkf&i;tf)rtb?rf:‘émp%%ﬂt@"@ng @@ﬁﬂ&fmﬂfp@(t ed with dengue virus or

equi val ent thereof; or b) a solid support including a conponent derived
froma |ysate of ceI | s infected with dengue virus or equival ent thereof
attached to aln aeethed aspegorftthe present inventien thene éoproaidedrs kit ®)r detestingng

buffer; e) M%thﬁ%pgug& P %ﬂ%’ﬁﬁg one detection agent conjugated to a

| abel for detect rms in a biological sanple; and
optionally g) instructions for using said kit. The present invention also
provi des individua ts. of .th it for use in the nethod of the
present invention. hen%%g’ﬁ@ﬁf’*’?%é’h??%ﬂga CYNPPRRRt flesived ok adlysate of
assessing the rel acellsanfiecteld with derm@ieairugof eqaivllbRaherdBgi- Ng exposed to
dengue virus or its equivalent thereof wthin a defined location (e.g.
geogr aphi cal area, "housing estate, neans of transport or center for

medi cal treat nent by awesmnpbon Wlh@'angomﬁanéhl?tcﬁh%d‘%o gn Site fdfom a
representative pop th|n a defined |ocation; essi ng

evi dence of exposuf® ‘? hu denonsyips QSfe@*‘éﬁeﬂil @eﬂiﬂfp@ﬂa&hedr\tota a
dengue virus or eqsgco@tj%ubp@ﬂ&ereof by the nethod

c) an incubation container:

d) blocking buffer;

e) washing buffer;

f) at least one detection agent conjugated to a label for detecting a
complex that forms in a biological sample; and optionally

g) instructions for using said kit.

The present invention also provides individual compoenents of the kit for use in
the method of the present invention.

The present invention also provides a method of assessing the relative risk of

one or more subjects being exposed to dengue virus 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 dengue virus or equivalent thereof by the method
comprising the steps of -

i) contacting a biological sample from subject with a component
derived from the dengue virus or equivalent thereof to form a




conprising the steps of i) contacting a biological sanple from subject
with a conponent derived fromthe dengue virus or equivalent thereof to
forma 4 conpl ex between the conponents and a subject-derived bindi ng
partner of the component contained within the biological sample; ii)

det ermi ni ng the presenc&)rﬁﬁlek%tv%éﬁ){h%xcoré\ﬁl}ﬁ{ St ahd'e élrgge%%%ﬁvefef bm&fﬁg

conpl ex is indicative of exposure of the ect to VI Tus
equi val ent thereof; andP3iney 0&3‘@6@@9@“%@0“@!13@ Wblnrthslblqhiglcsﬁlpamplee within
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conput er readable form Consefuen rese i'nv
relates to a conputer ribgdsmnpex [ﬁrmgicatwamﬁexnmpm ef theosghjectitma dangusbl e

for anal ysi ng exposure r of subj ects or a risk of
exposure of subject or ‘gi“oﬁ%@qﬁ Petr)]t&e dengue virus or equival ent

t hereof. FI GURES ) gurassessing s teIiEhvamiakpﬁem@hr@ﬁﬁﬂﬂnd@@éﬁneﬁ@&e@i@ﬁj tive
and negative sera using DB-ElIA protocol. Figure-2 shows the results of 20
dengue 1gG positive and dengue 1gG negative serum sanples using dot-bl ot

El A. Fi gur e- 3 Risloasalydis nmyabqsoﬁdmﬁecbﬁélhg%ﬁ%ﬁe POg icbimpaitadtdad @B fdte Sera
using the DBCdgg% r&l pihtoco shows the anal ysis of both dengue
| gA and | gA ned: ¥r 18, Prgngnt ESB:E:’EF'W 6\"3*?‘?5'C'Eﬂateﬁt@@ @05‘P§Fﬁ5v@a¢@t§ﬂl ts of
bot h dengue | gfograsi and/eomﬁdel’ SOmPASIAY IsviRalNe fér éﬁél@n BRsdaufe of | h&ﬂpfi

shows the results of %_,A assays usi ng 5 pairs of dengue serum sa

Fi gur e- 7shows " GHP sSHRISCS O gdivkRl epasuepftsubiect et Brmupuef. subjects to a

dengue virus or equivalent thereof.

FIGURES

Figure-1 shows the analysis of both dengue IgG positive and negative sera
using DB-EIA protocol.

Figure-2 shows the results of 20 dengue IgG positive and dengue IgG negative
serum samples using dot-blot EIA.

Figure-3 shows the analysis of both dengue positive and negative sera using
the DB-dipstick protocol.

Figure-4 shows the analysis of both dengue IgA and IgA negative sera using
DB-EIA protocol.

Figure-5 shows results of both dengue IgA positive and IgA negative sera using
DB-EIA.

Figure-6 shows the results of IgA assays using 5 pairs of dengue serum
sampiles.

Figure-7 shows the results of dengue IgA dipstick technique.




5 DETAI LED DESCRI PTION OF THE INVENTION In a first aspect of the present

I nvention, there is provided a nethod for detecting exposure of a subject
to a dengue virus or equivalent thereof, said method conpri sing:
contacting a biological sanple fromthe subject with a m xture of

i mmunogeni ¢ conponents derived froma lysate of cells infected with dengue
virus or an equivalent; and determ ning the presence of a conplex that
forms between a bindi ng BFIAREP DESEREIPTHON QF Tt INVENTIONand a i munogeni ¢
conponent of the |lysate. The present invention results froma need to
devel op a rapid, |ow cost and straightforward assay to determ ne present
or prior expoé’ﬂlr% firgt ﬁm@fvﬂl%mesemtmmenmrdathem Vi 'phavldmel armeﬂmﬁ for

par 1 cul ar husre ay & eer e i BB 6 eBid wrl oL B At eractera

preferably | g@ettﬂmmamﬂnﬁngl gA to dengue virus or its inmmunol ogical

conponents. The pr nd| artners_are subject derived binding
partners such as, (gr%&ﬁ'% oSG BP: é‘?eacsjluﬁl?é ﬁ"ﬂfhe@uln%%t”feﬂﬂi most

i nMunoi nt er acﬁmmnngdemctmbamoaemsmvb@dﬂoﬂ’s aﬂgédté o¥lcand Wédi'éﬂ%ﬁtﬁ'dé%hé” G
(1909, Irmunog]rg #" n M(Ilam and I mmunogl obulin A (IgA).
i dentification “of ERUIER ﬂ B%partners is then used as evi dence of

present or prior ea@te&uhtng tie pﬂ&gem&bﬁgt C(;,ﬁp@)@rﬂgg{efom,g lb%h@%erﬁa ﬁ”‘?}hﬁa' ent

t hereof. The Suﬁ{} r ¥ P’W been exposed to dengue virus but nee
show visual &§ ‘t“’rdPrg Qpiogical sarapigiasd. a imfBuRacesisrompsneotofdbe iisate. exposur e
that may lead to infection or may indicate prior exposure with no synptons

mani f est ed. TH,S i nvention specifically utilizes a cell |ysate, which
i ncl udes a mi XDGrRIe#ENt indige "@W't%ffpmmmﬁfénﬁocdwimbaenpd ilove lcodf agd dengue

virus particl egaighieaasd aQéJiPtro @éiéhﬁiﬁ@?réé@é%?gong? Cst%ﬁ%]giu&%%{q%u\%

I nfection.. These may include structur %t ei ns.
The use of th# aggardangesyitie thmpresent inveation, itiag spfaaed:tsdmﬂsdiag anishdls anch he

fragments of b8ehathials ik pShRSIMLHINTYe screened for the presence of binding
partners preferably IgG, IgM and/or IgA to dengue virus or its immunological
components. The preferred binding partners are subject-derived binding
partners such as, but not limited to immunointeractive molecules. The most
immunointeractive molecules are antibodies particularly immunogiobulin G
(1gG), immunoglobulin M (IgM) and Immunoglobulin A (IgA). The identification
of such binding pai'tners is then used as evidence of present or prior exposure
of the subject to dengue virus or an equivalent thereof,

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

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

The invention specifically utilizes a cell lysate, which includes a mixture of
dengue virus immunogenic components including dengue virus particles
amongst other antigens indicative of dengue virus infection. These may include
structural and non-structural viral proteins. The use of the cell lysate may
include viral particles as well as the fragments of the viral particles which may
be expressed at any stage of the dengue virus muitiplication in cells. in the
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be expressed at any stage of the dengue virus multiplication in cells. In
the 6 present invention the cell lysate preferably conprises a m xture of
dengue virus imunogens, which includes virus particles and both the
structural and non- structural viral proteins. Preferably the dengue virus

| MUNOGeNs ar @reddMHREARLN e RAMARRIbREhbhMorloNSaL & e B SekdRARLS Of

eliciting an inmunol ogical reaction to a ng partner 6’Isogi cal
sanpl e. The ABVKRCEERS, ovhieh énalgtesofirusapariclesi@ndrizith phe structarad|amognoi-t h a

viral particle i a I he clur rotein NSI is to
preferably tr%;t)mgﬁlﬁi-gt%r{g%&?lég r’?"&@é‘%‘g/ g‘re ﬁ&ﬂgv%a‘f’rﬁe\ygmgge'&st {Re
early stage offmfivsogdenigueornpdrenis arf the tiysate hat ab@dyapabhest @iRjtinge an
expressed in ki ationg .at .this earl. stage.. I n particular, the
presence of a%ﬁ%@'ﬁ’é%ﬁ%@?h t§ atf"i“gﬂsﬁ'p?"ﬁ'%)}x étb?)éﬁcggg'ﬁ?l PlgcutlBphase
?f I Flengue i n; @dvantage nf 1:hena$3$ffmn-aln,&in%t pr:t;?téih_gi_ﬂlal@nﬁg tifie a( 3%I4§arti6léy5| R
ollowing in ' Bal nas et. -1 2003) . e presence o enque | g
in host serum%%hlcg'%)ﬂy\(%e Pﬂ%ﬁﬂ%@é‘ Pﬁge'f’&‘%%ls tRipeeferaply thap aetrdaaoyaicdst i on.
I'n addition tégMbng/orlighthat developad vt ERceaiy dtagleBOIR ddtguBGSRSciidRLtharpear s
both in the PLLORLY an secondary dengue infection. Hence the presence of
this anti body Hﬁn@ é‘?’bvi diesg may fe %%%%?@sit inchighen conpentrations at)this earlyf
dengue i nf ect isigeand per haps can provide an indication of secondary

infection while the patient is positive to anti-dengue 1gG but negative to
1gM Hence the present invention preferably identifies dengue 1gG al one or

i n conbi nati o phitiBulat, e pREEAES LRSI i ' eat er
sensitivity corr%gr ed to oPher _cony@%??@% Bg\ﬁ@%%as“temé%Eé%??@%ﬁ%&gﬂengue
| gG ELI SA by PF¥i¢irhasg of depuee infectionrand emainsifonta shorbperidgoalytime (aikds d
agai nst dengugayd i i Eﬁ}gmgé | |at thereof at any stage of
the infection. a¥her2¥v@$g,‘fét e rglgig(r\?téh? %{\aieaﬁt?%@'provi des a new econom cal
detection nethod wusing |lysate of cells infected with dengue virus

conprising a FhXbdentl of B%IR 1gA in host serum or saliva indicates the recent history
of dengue infection. In addition to this, IgA is the only one anti-dengue antibody
that appears both in the primary and secondary dengue infection. Hence the
presence of this antibody may provide a vital diagnostic tool for the diagnosis of
dengue infection and perhaps can provide an indication of secondary infection
while the patient is positive to anti-dengue IgG but negative to IgM. Hence the
present invention preferably identifies dengue 1gG alone or in combination with
IgA.

Accordingly, the present invention shows greater sensitivity compared to other
conventional and most currently used dengue IgG ELISA by providing a
platform that can identify antibody produced against dengue virus or
-immunological relatives thereof at any stage of the infection.

Therefore, the present invention provides a new economical detection method
using lysate of cells infected with dengue virus comprising a mixture of dengue
virus components, preferably immunogenic components of the lysate described
above, which permits the specific detection of dengue binding partners,
preferably lgG,. IgM and/or IgA that may be present in the test serum. The test
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virus conponents, preferably inmunogeni c conponents of the |ysate described
above, which permts the specific detection of dengue binding partners,
preferably 1gG IgMand/or IgA that may be present in the test serum The
test 7 is rapid, preferably providing results within 30-60 m nutes at room

tenperature. idpapit, rﬁrléféi‘htbl? pbcﬁhd?ﬁg ?es%'itmu‘ﬁnrﬁﬁtfjGQQHP&%E%%&&?&%%&%M

anti body di agn s ; one o or advantages o resent’ I nvention
i s the usage "o'f'h'é)@ﬁ@ﬁsﬁ‘ w%@ndé@na@a@m@em@m aﬁlbbtiyadlagnosm

ant | e aaher o B s o, BYANBESTES Bno EsHRERGTHCT HRadIPiSp S e

testing of small nunbers es easl roughout "t on and
clains of thi §"%’ﬁ@@§'ﬁ’f3ca’ﬂd (ﬂ?gfﬁﬁb@|®fmemérmr as theoaptiges'eédlaarmhgvatatfatmons of

ot her a1 vaerroriort ang Probe oo RRHaRE dhe vRutrC P Al TR 0R B 15

ot her addltlves conponent egers or s i's
used herein tkﬁ@@'%ﬁwl%md 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 or
exposure in anfhreugdijost tise dascnpdinngadwmms 00 1thib WpRBifidftiona | useasTthe WGIQr at ory

ani mal s. Human Gt ver preferred in accordance with the
present invent |%rﬁ8h%o V na ?{@?fﬁs H‘Pf%rﬁuphasue@ypaﬂpgs@rm eempriges’, isan

respond to an ﬂotlfniamdedrto@Rclummezéﬂdﬂ?e@)éo#@@néﬁ@gm’eg\él'sr&sst@ﬁs an
equi val ent thereof. A dengue virus is defined as a group of RNA human
virus consisting of envel oped particles of about 40-50nm |n di aneter. The

viral genome iThe temar'@wgmt\ﬁ# " fsludddl hévBinhe o l&b%dc@%%h%l& Rrerd B4R L1 Ve
eocapsi

sense RNA gengme  enclosed by an |sometric nuc genone ‘encodes
a si ngl e open “CPEYRIFHY W&r@eﬂﬂ &5502. Darpd@ndRereéd) amlat@bmth@ dengushe

t hree struct ulibctide: 16@95; b&bnt WJMRELY B

non-struct ural éNSl NSZa and NS2b, @gﬁ@%&fﬁ&@éﬁ-@%@%@@%ﬂ?ﬁtg{]eI ns.

Dengue virus 5 $YPASYFA i edNY csubigeimdneltdiogghumas, biondsuradn i arfimatsedintienal e
laboratory animals. Human subjects, however, are preferred in accordance with

the present invention. However, the invention includes any subject that can.

respond to an infection or immunization by the dengue virus or an equivalent
thereof.

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

Dengue virus is transmitted to humans through the bites of infected female
Aedes mosquitoes, principally the A. aegypti ‘mosquito. This is a smali, 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 unobftrusive and
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Aedes nosquitoes, principally the A aegypti nosquito. This is a small,
bl ack and white, highly domesticated tropical nosquito that prefers to |ay
its eggs in artificial containers found in and around hones that may hol d
wat er such as buckets, flower cases and other water containers. The adult
nmosqui t oes ar eprefeiﬁlttEerdrmt h@egndot shifkls (Blh}ﬁ‘bg He R iyht ots,| 'vﬂt qﬁ&&(}iﬂ%ﬁ
sites, are unobtt lee and 8 prefer to feed on hufmans or an urirng the
day |ight hour@HY PRCUIG inyf h.el FRyly @emmpylai@@ﬁﬁe'fnqw (|N¢V\tt¢feeéaf 1 $99%)r ni ng
or late after rfnwwfem@g\m gfoctlare N [ vous
f eeders, dISI’L{E P t he fgedl ng procesusS fae;EBQr egmﬁ'“ﬁqﬁgﬁéﬁ'@@%e §SS %trthe
host, thus ret %ﬁeﬁd“‘?‘t‘%“%‘ﬁr?é the hast; fhusgaturhiog to theosamemr dlffere‘readsmg
Because of t hits dephAyd e er,sons

( Ruiqnd; peRae bEuflt bERaUSS DeBne R ion, REES S

during a single blood neal
nul tipl e perscif¥e@Eppgisonstdusing a sgle b&odhnbelhand iunfebthde hagnrarsatt the

explain the e t de di sease occur, mai nly
T ohi | dren’ e RGaTRBLE BersolR TPl P} SR TeBaveli i Botayoduntic
changed due te¥plaim emadermcuog:eaitomsemnon dhatnsRue &fisde0s o@buﬁhamlszIOl)

Fol | ow ng the f |ve fe t he virus undergoes an
intrinsic i ncﬂgéég%ﬁthgﬂ HEH Igcﬁgqﬁﬁﬁo Qa&v’é‘? dfis may bave ehapgpdafueer
whi ch t he perttsedamtagromtopmctaarmoetrenuéasm%@omtafemﬂ)acconpanl ed by other
non-specific signs and synptons. During this viraem c period (which may be
between 2 to 7 days) the virus circulates in the blood of infected humans.

I'f an uni nf ectFellowiAgdtae tl)imsqﬂlahomféi‘:@idé femald) fd¥Qsito, diffe! flﬂ:st Dhderfbéem C

period, this i nfected after an ob atory extrinsic

i ncubat i on pe%ﬂ%‘%f"cﬁfgnaqq{' BeZ'Qﬂ’a‘fr}% to 4 dﬁbﬁl(ﬂeﬁgﬁ’éméﬁm@ a;f@ranml@ the

transnit the yerson rhay expgigiensdbbiite oqﬂ%rn ycle,
humans are the, main éayrrﬁ‘qjt?ylnng hos?g@?to%%%%c{c?w %er?tbfg{ st %gsf%show
f symplarhe Dy

that nonkeys CRSG8 fg fhis vieasmis petied fshieh nwlhedmt\ﬂieen Phe7virus
(Putnam et a! days)9@8; vifadbdiRUlds f the 5@3@ ofv}h@ct{oaﬁhmaﬁge %‘t dDengue
I'ness 1 n humans depe 8

virus infecti %n causes a spectrum o
edes mosquito feeds on the host during this viraemic period, this mosqunto will

become infected after an obligatory extrinsic incubation period of 10 to 12 days,
it wouid subsequently be able to transmit the virus to other uninfected hosts. In
this transmission cycle, humans are the main amplifying hosts for the virus
although studies show that monkeys can get infected and perhaps serve as a

source for the virus (Putnam ef al., 1995; Gubler ef al., 1 976, WHO, Fact
sheets, 2002).

Dengue virus infection causes a spectrum of illness in humans depending on
the infecting virus, the host age and immunological conditions. . It may result in
asymptomatic illness or ranges from an undifferentiated flu-like illness (Viral
syndrome) to dengue fever (DF), to dengue hemorrhagic fever (DHF), and the
severe and fatal dengue shock syndrome (DSS)

. 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 Il and grade
IV are considered fo be dengue shock syndrome (DSS).




the infecting virus, the host age and i nmunol ogi cal conditions. It may
result in asynptonatic illness or ranges froman undifferentiated flu-Ilike
illness (Viral syndrone) to dengue fever (DF), to dengue henorrhagic fever
(DHF), and the severe and fatal dengue shock syndronme (DSS) The World

Heal th O gani Z3kden hasp . r adi f e, severity
of DHF. There are four gﬁe@ﬁé?{@%cﬁ?yéﬁmmﬁgﬂ %ﬂ‘g@gn}%r IE"tngnt eggaﬁe |V
are considered to be defRfifecréiasic maniestatien (HSSpositiyea tiairdiquétetest anil tdr

non-specific constituti lbrSiiiRt ons, and the only haenorrhagic
mani festation is a positive tourniquet test and or easy bruising. G ade
[1: In addition to the manifestation in grade |, spontaneous bleeding in

t he forns of | r ot : r S, ade 111: Circulatory, fai]ure
mani f est ed by@?@%‘éi d m@idd%ws?é,thggﬁ%&%s%wﬂf'" ghflesk SBP@@QE?@B‘PGG'HQ
hypot ensi on wi th the prisdtentoemefof skihdyr otiermagmoskibgesind rest| essness. G ade

I V: Profound shock with undetectable bl ood pressure or pul se. C assical
dengue fever is nore conmon in older children, adolescents and adults, and

they are | essGradelly t CihmigtsymatiaeahasifdsBipbPa ?hpid Weak F%R2) nat@Ringfdver is
abrupt in its onset with high fever, headache, incapacitating nyal Si as and

art hral gi as, nausea voriSShEresRdreidimpPgiensionithithesssense ofcold, daramr man,

1989). The fever usual lskin &sd esli@ssnesd days and sonetinmes can follow a
bi phasi ¢ course (Saddl e back appearance). DHF is primarily a di sease of the
younger children below 15 years although it may also occur in adults and

is mainly assGradd RA WiRbouRd SR8 WitH RIS ctal ' iLical stage
of DHF is at the tine of defervescelnce, ﬁﬁgﬁbﬁ@&&j{ g%%glflrgb&pgﬁ Secones
normal . The major factors that determne the severity of the illness at

the time are gl ﬁdﬁ%} t he. | S ' r erneability and
abnor mal homegstgiséialshgnd oﬁ]\gjﬁ%o%ng%ﬁénn%breﬂagﬁ%y%m%'ﬁegqogﬁcgﬂgs Aike
pet echi ae, pufPHlisi @nddbewate lesadikelydoryarasysploimiatis ¢Sharp ef al., 1 995). The

fever is abrupt in its onset with high fever, headache, incapacitating myalgias
and arthralgias, nausea vomiting and macular or maculopapular rash
(Waterman, 1989). The fever usually lasts for 5-7 days and sometimes can
follow a biphasic course (Saddle back appearance),

“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. 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 iliness at the time are plasma leakage due to the increased vascular
permeability and abnormal homeostasis and other common hemorrhagic
manifestations fike petechiae, purpuric lesions, and ecchymoses. These

- symptoms plus a positive tourniquet test are helpful for accurate diagnosis of

- .DHF (Gubler DJ., 1998)

DSS is the terminal stage of DHF and is manifested by hypovolaemic shock due
to plasma leakage. There are four warning signs of DSS: sustained abdominal
pain, persistent vomiting, restlessness or lethargy, and a sudden change from
fever {0 hypothermia with sweating and prostration. Early recognition and
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synptons plus a positive tourniquet test are hel pful for accurate diagnosis
of DHF (Gubler DJ., 1998) DSS is the termnal stage of DHF and is

mani f ested by hypovol aem ¢ shock due to plasma | eakage. There are four

war ni ng signs of DSS: sustained abdom nal pain, persistent vomting,

restlessness epphdprdld Watrddidl By %&E&‘i‘éﬁc@ﬁ |t3(alr Ok é%%%c?e%s@%ﬂ@éb%ém a

w th sweating prostration. Ear recogni tion and

treat ment by é&t@gtb’lr%'ﬁ’ég@sfﬁ)?pq £ blﬂt%‘?ﬁ SbQ(Pk W%rretaemqrtaétyuamarf tat avert y

rate of DSS M@"/QS &g@pbréy’u@ eﬁ@ﬂ)ckg%ts in the nortality rate can be over
40% (R gau-Perez JG et al., 1998 e E protein, the largest and the only

structural protein exposed on the surface of the virus, is the maj or

protein invol I d" rece i ndjn
haermaggl ut | neg e onP ot e g B8BhY TR bRin hRERE SHRATHEE « ne
serotypes pro®f #fes virug,ds Iﬂamgiajmmmtetny inolvedan mmmtoiqya:dbmeadmhy sutiegor ary
protection ag S e nucl e smd i n. tyrn surrounded
by lipid cont gél)érﬁ?)nogoé ﬁ(%%n@ée §8@Hlana a %‘Rfﬂ?ﬁ?t@nnsﬁ'f‘?qoﬁd@hhﬁwst 0
envel ope and bapmedofptmm}amis(pesi@r@mmwﬁfeueng hﬁlﬁiuiilifg)v’ﬁfltlff‘.eﬁr!;eﬁit?1 S bUE Bhiy
prote| ns NS4b and NS5 e term

'equi val ent " ‘emﬁ%ﬁ’ W8P§fﬂ"'aﬂ?f"aﬁo?iﬁl?fe%?f?fap%e dengue virus is intended to

include simlar nolecules that can elicit the sane or simlar response
that the deng structural or non-structural protein of the

virus or '
dengue Vi rus iﬁﬁl’ﬁ‘cgqof’%sfmg i fus syrewded by lipid containjea dhe gprelereandy t he
dengue virus atemsrahe peotsinades a@&ntlblﬁ‘ft@(éﬁ\'/éléb@énd éébé?d‘}?:rd{é:hgsd&gfu‘e?ﬁﬁﬁs or

fragnents nay, cause simlar effects th | e virus cause

response rmyB® S&¥eR I‘Pﬁﬂﬁé’”ﬁ%‘?@d?m@eﬁpﬂﬁée%ni‘@%nﬂ\lﬁi NSEHNS4) aod it

may be an |nf\|@t5t|ous response (clinical response). The present invention
Is applicable to detecting exposure to the dengue virus or an equival ent
t hereof . Exposure may be pr.esent or prior exposure to the

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

The present invention is applicable to detecting exposure to the dengue virus or
an equivalent thereof. Exposure may be present or prior exposure to the
dengue virus or an equivalent thereof. Preferably, the exposure is sufficient to
elicit an immune reaction or response in the body so as to induce a binding
partner in response to the dengue virus or equivalent thereof. Once the subject
is exposed, the method of 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 dengue
infection. Preferably, the method detects exposure of the subject at an early

convalescence stage of exposure to dengue virus or equivalent thereof. The

(A




dengue virus or an equivalent thereof. Preferably, the exposure is
sufficient to elicit an imune reaction or response in the body so as to
i nduce a binding partner in response to the dengue virus or equival ent
thereof. Once the subject is exposed, the nethod of the present invention

may be appl i eobmsweymsvam maysemaﬁegtanaé qé lrﬁé‘&uoﬁt{wﬁgtaﬁé %"-ﬁ?abﬂ Y,
the nmethod is Sﬁ’ﬁﬁoq %Lﬁt i gosure where there are no sig

synpt ons t hat IBvi d“f' &aH  FLECSRORPR O 85 o Fndpes abbrpdmghmrmrhod
detects exposPreferhblythe sedtionst isin %ﬁﬁéibgtcafcr@gqcﬁ-l sgscence stage of
exposure to dengue virus or equival ent thereof e 11 exposure nmay not

al ways manifest in a dengue infection or notable signs or synptons but it

will cause a rAspefhens festionke” 'oPdh'ﬁl’ﬁuﬁoiBblegl' RB%&”“@ Olﬁr%dee?sr@{) "EHld o, the

response i s an |nmunol ogi cal response e resp

"i nmunol ogi calSelesiR Feyronse fﬂﬁ@'@tﬁdt@bwﬂ cmmana sys@lne@ﬂveetebmﬁmﬂﬁ@hmhunt ed
by the inmmune spysifie htfbouiist epr [ eci i i bodi es or
fragnents of asﬁtlI bodi es Ogn %P ﬁéﬁ}ﬁ?@% é\chag\%Pg&g &ME%‘B‘% hstre

i nvadi ng pat hd&j‘é‘?@eén@%mﬁh!g‘éﬁthngmmbgane andcaigﬂgemdvrﬁ(ﬂw afeDFeRioghizéd dshe

body. Accordi @&Je)@ ing partner is any nolecule or cell that is
produced agai nst hffﬁ‘\? or@jgn dengue virus or equivalent thereof.

- Preferably, the blndlng partner is an anti body or imunol ogically active
bi ndi ng partner includes an

fragnent ther t.oxi c cel The
i rrmgmm nt er act% ?;&e ardtloi; I ér(é%fngtp fsrﬁ’yr'éi'e{ec\v\’letoﬁ cgll t@r‘?gﬁf@daﬁﬁ‘d aaingdr
equi val ent. Ashe mlgaﬂedgthmvrmsmr douivaRine trRsresTd PRkl tmbhaﬁ.% da&ngf'.s

i mmunoi nteractahver"t | ecul e, f] preferably refers To an
conpri si ng an“ant '8@&?’ Oh¥TaY '(ylaé’ﬁ"%ifraﬁmééﬂh%ﬁqf\@f 3 h\é@@ém cefbr é'her ably,

t he i munoi nt birelirig p@tnetmicﬁimds&arl Priinditel a0y 1 thaRB¥n Hﬁ’(%r%bpﬂlt

dengue viral rot ei ns d%quoduced during a hunoral response in ject of
a dengue viru gkt YequpRlesbure. As indicated herein the preferred
bi ndi ng partner is an antibody produced in the

As indicated herein, the preferred binding partner is an immunointeractive
molecule, which preferably refers to any molecuie comprising an antigen
binding portion or a derivative thereof. Preferably, the immunointeractive
molecule is an antibody against any portion of dengue viral proteins produced

during a humoral response in the subject of a dengue virus infection or
exposure.

As indicated herein the preferred binding partner is an antibody'produced in the
subject to a dengue virus 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 a dengue virus or related virus
components.

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

expostre to a component derived from dengue virus or immunological relative
- thereof,
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subject to a dengue virus or related virus conponents. However, a binding
partner of the targeted anti body may al so be used. An exanple of such a

bi nding partner is an anti-idiotypic antibody or an anti body specific for
and discrimnatory of a subject antibody specific for a dengue virus or
related virus conponents. As used herein, an "anti-idiotypic antibody" is
an anti body whjch binds to the specific antigen binding site of another
anti body generst ¥4 hereiss fsnteams Gantibegysorr entibodies! dngladwethe efdiré aptibddyom
dengue virus i | | a4 there . erein, the
terms "anti bo%ﬂg'gﬁyﬁgﬂr#?% |egi§"3 %ﬁ"ﬁﬂ% ﬁﬁgﬁ(gﬁrﬁli'r}(ﬁﬁ@?ﬁ Hﬁ%%;gp Iﬁ‘a ?ﬁlpi body
fragments cont anifody” inplideisoanyl mpopspexific ohbispedific Thrmpbendncothpriséd ofiy”

i ncl udes any i £ ' i £ic commqound conprjsed of a sufficient

portion of t hre& i | gEt Cdc‘{ﬁ’éﬂ?"n%@a‘ﬁ@@ﬁ JP@@\ Hﬂ@ﬁ%/%@"? %dﬁ%raﬂ]f E‘ﬁﬁY"ﬁ CH@'&ri abl e

region to ef f seriablpreding te effectebiming dpthet epitdipedd whivh th alil@ahiitghdsas

bi ndi ng speci fj ci: The. fr nts can _include the variahle regi on of at

| east one heg\&@"ﬁ)ﬁ/sqﬁcgrﬁcfty'cﬂ%nﬁaQWﬁ(ﬁpMcf%thﬁapvﬁﬂﬁf?gi%? Ogﬂ‘ge?ﬂ(ﬂn&de,

]?ut ar et not . Ihfeﬂwﬂ‘?;ﬂ light dﬁgtln frmagneglobulin PoRRepitie, Ia{r%gdiﬁélﬂo%we &!ﬂ%rﬁ}’not o
ragnents. Pr r i ndi rtner is an anti body. re preferably,
it is an anti fﬁmﬁ‘&ﬁg‘&ﬁ:ﬁtbg%gfﬁ‘ﬂgf'Q%a%ﬁt@%efﬁﬁtﬁnsiodefr@ﬂm%m e. In a further

enbodi ment, the binding partner is a reference to any conbi nati on of

anti - dengue | A anti body nol ecul es. Cytotoxic cells

L.gM and. | ) |
cont ai ned wit _I‘#%ef H?%gﬁ’&fr%aPa@Wﬁé”hﬁW%dﬂo Mere prefgrabyniliingan pati-t ner s,
The cell may idehgli@ G, Agheshdir WA BniitiRlydRoEE e ith lésfuﬂhelagéﬁb‘é@ﬁgﬁﬁe{ﬁ% of a

cell lysate fror}%‘cel s infected with dengue virus or an equiva er eof .
The met hod of Pindingpartnsiiis aretarengntoganiecarsbinsiinysef anttdendue 1g6n M andr us or

equi val ent t hejeahtibbd mdleciieg of a biol ogical sanple obtained froma
subj ect having been potentially exposed to the virus. The bi ol ogi cal

sanpl e may be any sanple fromthe body that may contain a binding partner.
Such bi ol 0gi C@ytotoxic cells contained within the biological sample may also serve as binding

partners. The cell may interact directly with the dengue virus or any component
of a cell lysate from cells infected with dengue virus or an equivalent thereof.

The method of the present invention detects. exposure to the dengue virus or
equivalent thereof via the use of a biological sample obtained from a subject
having been potentially exposed to the virus. The biological sample may be any
sample from the body that 'may contain a binding partner. Such biological
samples may be selected from the group including blood, saliva, cord fluid, B
celis, T-cells, plasma, serum, urine and amniotic fluid. Preferably, the biological

sample is serum or plasma. 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 dengue virus. A biological sample may also be
- modified prior o use, such as by dilution, purification of various fractions,
centrifugation and the like. Accordingly, a biological sample may refer to a
homogenate, lysate or extract prepared from a whole organism or a subset of
its tissues, cells or component parts, or a fraction or portion thereof.
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sanpl es may be selected fromthe group including blood, saliva, cord fluid,
B cells, T-cells, plasma, serum urine and ammiotic fluid. Preferably, the
bi ol ogi cal sanple is serumor plasnma. Mdst preferably, the biol ogical
sanple is serumor saliva. It is also preferred that the biol ogical sanple
I s obtained fromsubjects suspected of exposure to a dengue virus. A

bi ol ogi cal sanple may al so be nodified prior to use, such as by dilution,
purification E? shoitid bgsnated dhatom diologiealtsaninlg anayoalsarte: déwid icke binding
Accordi ngly, ' | ; I f ho ate sate or
extract prepar%(i,?ghfgltl(ciilrg}:t gﬁ{v\!ﬂ?ﬁ?gagrﬁggﬁh #]8 \@Psépgﬁﬁg‘é‘f’éﬁgﬁﬁﬂﬂe&f‘t Jirglglﬁ’ggf'rscel l's
or conponent péenstheppubiedtr bas inoh been perposed to hdergok. vidd bt aaheglichidig not ed

that a bi ol ogi . devoid of a bindi artner that can
interact with' elﬁaﬁgﬁ%(?eu;%g?rﬂ'lérﬁﬂ%aﬁ? YEcEnte PL@PQW.IQ*F{[}‘?’U‘@E\? e&thén t he
subj ect has ndindiree pakngrdedtie thioldgingiusamniple Umdos oamfpeﬂuht\/@ﬂ eetlysdtienpef -

Hence "deterrrgmtljdﬁg ggber §r!?sence of a corrg ex that forns between a binding
partner in thd b orsg EXI &8 AFPEPIRCAINS RSB e Jpsange of Yisdingpargers. yi el d
a zero result as a conmplex cannot formin the absence of binding partners.

It should als e ted that a biological sanple may conprise a plurality
of  bindi ng pgtr%}wé'\?cg abe ogtpd ﬁ"@éﬁagpwqah saeplguEay; samprise aplwglitywdl ent

t her eof - Hencej atiests et ¢y interdst e | ex
indargy partrests interd 6 @it dBhGG w{a@s BF %ﬁeés‘tgﬁvpﬁ@ént%%%gﬁ

that fornms befween a binding partner in the biologica e an
conponent of {178 §3 4pked gadighpaeteasining)theeprasaats oh aotomplexghetstonte of a

Plural i Ly, of  benmenex Bindig baltRbPfleBBRCRaP HIEld hia o cfHhbbRER: BbnT N0

partners in tpe bi ol ogi cal sanpl e and cofponen ate.
exanpl e, in alYSRlf cPREUNPasSEHS dR ndelerminatiomt ¢f- denquresenpa @it & bpldyalitwladcul e

ol ecul o0 It CampRxcE IR B Oehwebh = Glraly o R bRIE PoGherr i FPer on
bi ndi ng par t nBiokgigal sampte aad semphaents aftbe tysates efsi sxarnple, of atghefepedsent
e Lo of e BBk o BhRlBAbGE 16A° Whlibod® RsleRlE °Eh 'd RIS ' N 2
: combination with an anti-dengue IgM andfor 1gG antibody molecule. It is
considered that the detection of a plurality of different binding partners will

increase the diagnostic sensitivity of the present invention.

Reference to a biological sample being placed in contact with a component of
the lysate, preferably an immunogenic component of the lysate derived from
cells infected with the dengue virus 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 lysate derived from infection of cells with the dengue virus or
its 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 lysate derived from celis infected
with the dengue virus or its immunological relative thereof can occur.

The biological sample is contacted with a mixture of viral immunogenic
components derived from the lysate of cells infected with dengue virus or

equivalent thereof. The lysate provides viral immunogenic components that
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the |l ysate, preferably an i munogeni c conponent of the |ysate derived from
cells infected with the dengue virus or its imunol ogical relative thereof
should be understood as a reference to any nmethod to facilitating the

i nteraction of one or nore immunointeractive nol ecul es of the biol ogi cal

sampl e with & mapERaReHledby the dbigad el A5fsbhBr Al RCLLBMAL FFles Wi th
the dengue virus or its immnol ogical ative eracti on
shoul d be suc I‘F’at”HaCfO”(‘,’BIGE‘PWgStaQﬁS Qf dengup feddionethva Qevﬁspmemtacbﬁ lg®, dghiween

t he i nmunoi ntRgast f: ni.c_camponent, of
the lysate derjyved ﬁ(%r%ﬂgdécﬁf@bﬁ? %(%?Segnégf}ﬂ? 'b ﬁ'c‘l" (}%\r/]p%én?% o and

i munol ogi cal thig| &eyvke t deipeted bﬁrthecimnatld'me)fbaotmgplenl betovaph et ishd a

contacted wt ni.c derived fromthe
| ysate of cel Irbsﬁjlﬂ%ééét@%f&rapwa{dﬁngu gﬂ%ag C8P1p°8‘aﬁ gﬁ%h@aﬁeher eof . The
| ysate provides V|raI | mmunogeni c conponents that 14 may be provided by the
tages of dengis DEeS AP ERE4 i e AETesh HevAM R gles don @i/ BRCRR of
anti body nol eclehgae umrrmmegerﬂs thiest maydlb@amsewfi)r(lietéﬁﬁgu%tl BéRfie é‘:‘ihb%ﬂ@s this
may be detect ?%%?d &{1 /o rira% | ex between it and a conponent,
preferably an‘anidl 8g¢/e5 19 )oﬂb(?ﬁ'ﬂﬁtexB’?s ﬁéolt§?§a@€é1gu$h‘équy§raﬁ§l"a@eiﬁ§ed in
that ‘mmy be Used f¢ °rp’9fe®%?’?‘ﬁwaﬁ???’d§ﬁ“‘*hg‘%2ﬁ?ﬁ R W
igA) or pri OP"%QE‘E’EQIUSQG ¥ateh Oﬂéﬁ'ﬁﬁr@?q’fﬁlsa'@ﬁ néq@imailuaéaitmotetmmelgﬁmg
Preferably, that hysmhged:wmmmgl@@ [ abl y,
NS21| 483, NSIUNREABand Rk 2188 Wi

the lysate conial ng structural and non-structural’ pro erns 1 nc ng but
not limted t&YgE19engye,Virus \mppinogaes, |nl‘181ﬂiinﬂyNSrEb lysate iSIS5 raixtung ofi t h

Component & detyed Ty ocaved o BN AR oK bdeTntothal By s farhENE i ¢ s

conmponents derived froma cel een i nf
or equi val enfatiNalestheraghen a subject is exposed to dengue virus, the body
reacts to initially remove the virus. This causes a chain of events
generally manifesting in an

When a subject is exposed to dengue virus, the body reacts to initially remove

the virus. This causes a chain of events generally manifesting in an

immunological response to the plethora of antigens presented by the dengue
virus or an equivalent thereof.

The lysate of the present invention may be obtained from any source of cells
~ that have been infected with the dengue virus or equivalent thereof. Preferably,

the cells are cells infected in an in vivo culture with dengue virus or equivalent
thereof.

Any type of cell may be infected. Preferably, the cell type is capable of infection
and culture of dengue virus. However, it is preferred that cells capable of
producing high titres of dengue virus are infected in accordance With the
methods of the present invention, including, but not limited to, continuous cell
lines commonly avaitable (e.g. Vero cells (Vero-PM strain), CV-1 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 -
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I mmunol ogi cal response to the plethora of antigens presented by the dengue
virus or an equivalent thereof. The |lysate of the present invention nay be
obtai ned fromany source of cells that have been infected with the dengue
virus or equivalent thereof. Preferably, the cells are cells infected in

an in vivo culAmuse owlik Arsl i AY . er, ) e of
cell may be infected. Pr e?g?%tgtljwﬂfﬁ%@ugl H!tsy(grle s"a(]:(%';irlp?)°atl)\?if %ﬁg{élg%afbbgﬁeon
and culture ofceﬁé%'égﬁ/?’@s. However, it is preferred that cells capable of
produci ng high titres of dengue virus are infected in accordance with the
met hods of the_present invention, including, but not limted to, continuous
cell lines cdrilisingy heaultbisidefor @ny.pevied opretérably (fviea eRbl sitic alows¥el

cells, LLG Mg, £843 - s),..primary. cell _|ines, such as fetal
Rhesus |ung (FRAL:2) ge‘?%@@é@?’%kﬁ@%ﬁ“éﬁ&%@ E@If‘?rég'yop‘ehﬁ?%naf&i ol oi d
fibrobl asts. Aultgisdiintba cptopethicedféct isaesarbist inkisocantarRgBerddy ifdigathgesent

I nvention. C6 P cell.s,are jnfected with dengue virus or
equi val ent . W%EV%L“E%‘?PQSF%%‘S 'ESTGT C‘?'%pe is C6136. Cells may be cultured

for any period, preferably for a period which allows the dengue virus to

establish and , ct .the cell. Mre preferably, the cells are cultured

until a cyt opzﬁtm@ é?'f'teglf'e icfh%ﬂb?yr Eﬁt'ﬁ‘?ﬁj pPhéryemethed) avalable Hertbpyskilled

indi cating aetirsseal SehealyothetUie ofid Mpotdhid Bgﬁ&q},i{é?ivéé (;elggd.éeﬁqugh, t he
ski a

cells may be | S‘Zdt byxarr% met hod avail able. to the ressee.
General |y, th&ud¥OB XaMRY bt difed Blaviding ithe |iveing) pulfed stoes gentt affeat theas

Triton X may HirautsgshspéfotedddriyueMardsy st BuibiEhehe Sot{f%ac"iit/%tggttpé &
I but i s 'fhe

i munogens of the dengue virus or equivalent thereo nactiva

live virus pd¥s§ BREEEs ¢ shoul d be appreciated that the |ysate will
contain a mxture of viral inmmunogenic conponents including structural and
non-struct ural denque virus antigens as well as whol e dengue virus
particles sel #-sbeuld r ben apiregiatagp that the lysate will contain a mixture of viral

immunogenic components including structural and non-structural dengue virus
antigens as well as whole dengue virus particles selected from the group
including DEN1, 2, 3 or 4. The present invention seeks to identify a mixture of
antigens by a mixture of binding partners that are generated in the biological - -
sample in response to exposure to the dengue virus of an equivalent.

The lysate may be processed in any manner. Preferably, the lysate is clarified
to remove nuclei and cellular debris and whole dengue virus particles. The
lysate may be aliquoted and stored at -80°C for future use.

The lysate and biological sample is contacted so that a complex may form
between the viral immunogenic components of the lysate and the binding
partner contained within the biological sample. Preferably, immunogens of the :
dengue virus particles, including but not limited to those of the structural and
non-structural proteins, will form complexes with binding partners. Preferably;
the binding partners are antibodies or fragments thereof derived from the
biological sample. These will only be present when the subject has been-
exposed/immunized to the dengue virus.
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including DEN1, 2, 3 or 4. The present invention seeks to identify a

m xture of antigens by a mxture of binding partners that are generated in
t he bi ol ogical sanple in response to exposure to the dengue virus of an
equi valent. The lysate nmay be processed in any nanner. Preferably, the

lysate is cl arphishivi®Pel® | e eRrl d engue
virus particles. They’ I f{)sat Y%a@mg%ﬁglbl%%% e%ll' ghﬁgoﬁbpgﬁrgﬁ&%\ﬂf@%@gﬂf uture
use. The |ysat® ahiAiaslimefyclor theadengue sirosmr acuidlest thdradf andangdrgue may
form between ihﬂﬁm\bhéﬁé I mmunogeni ¢ conponents of the |ysate and the

r coftain

bi nding partne ed within the biological sanple. Preferably,
I mmunogens of the dengue virus particles, including but not limted to

t hose of the I non; structural .prqteips, wll form conpl exes
whenCbindi ng. ehebg oaRRE mARRIS Be ol bl Sish st & et e s or
fragnents t herteebiottgyidal samblechat leactshb ek idaiPbgensThese will only be

present when the subject has been exposed/imrunized to the dengue virus..
16 Preferably, the conplex will form between an anti body, preferably an

19G 1 gM or Pacferghly e ddraflis ipiurioden deasmRdvidmia stucRAsiof AbRRdkrubRgseOf
and a dengue |%1§unof_g[tﬁns The binding partner nmay also be a cytotoxic cell
such as a cyt YYRINOMDE denaye yiris.t More refeabive e stamturel pretain ivselestedo t he
dengue i mmunogens thérded nWdi a € ML ' ef | f .
structural or on-strgﬁcl?fj?gwl%dr]gi S?Egigf Ivtlﬁe E]eﬁ%eén\?i g%dvgég?eﬁrg)%&ér abl y,
the structuraMPeoPEferably. dae cpen-atrugtursin proteingr etep selectasdifiom Ch€agreig,

M Menbr ane anqqclﬁ](ﬁq% Oh@oRS preherahl t 10N-St yral
proteins are sel . Nssﬁpﬂrsg?’eragpithSﬁg/Wsﬁgh-NgﬁrBl@tguﬁr{%?' B@gpg&rflgﬁaé&c\%—el. The
met hods and kiP8-suctur peeteindaiNS-hvent i on seek to detect conponents and

bi ndi ng partners which form conpl exes and are indicative of a dengue virus
I nfection. These conponents and bi nding partners are generated in the
course of a déaduethpds eod ikis of the present invention seek to detect components and

binding partners which form complexes and are indicative of a dengue virus
infection. These components and binding partners are generated in the course
of a dengue infection.

Previous methods use 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 dengue virus molecules/ immunogens (present
in the dengue virus infected cells, which may contain virus particles and other
immunological components, preferably structural and non-structural proteins)
against which antibodies develop in the course of a dengue exposure.

The preferred method of the present invention relies upon the detection of the
complex formed between a binding partner contained within the biological
sample and a component of the lysate derived from a cell infected with the
dengue virus or an equivalent thereof. The complex may comprise one or more
binding partners bound to one or more components derived from dengue virus -
or an equivalent thereof.
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Previ ous net hods use specific dengue antigens DEN 1, 2, 3 and 4 (present in
t he supernatant of dengue virus infected cells) to detect antibodies

i ndicative of dengue virus infection. However, the present invention does
not solely use these antigens but a m xture of dengue virus nol ecul es/

| munogens. ( PTeeailogical daRfbiéRNGH f Kt withiiE kfpGibre erithd filimBBhaGENt 8l N
virus particles and other  inmunol ogi cal corrponenPs, prefterably st Puct ur al
and non- st r uctliFRIOT GHoeaiiMalent Bigseafsior mhperiodant titmedsufficietyand gonditiorse

course of a dm;mg&@ema{i&? Ftl'h%)%g j od of the present invention

relies upon the detection of the conp med between a bi ndi ng partner

contained within the biological sanple and a conponent of the |ysate
derived from ' Lt h . ue virus or ,an .equival.ent
ther eof . The abie) anoebSEfteurtrstbibiofical SRS Myl i, ApIBH B rtuYaRe <o
one or nore c8upb@sntbsit det ilinedf loora ditogekuloder emran@ mnedthievedrapdndrter eof .
17 The bi ol ogiygal s left in _contac i.th the co ent derived from
dengue vi rushgﬁveéjzﬁg@uﬁeﬁ St S8t ggfe%vraEeélWﬁé?rpgﬂagéeﬁﬁ@\esgﬁmpmeéﬁt and
co'ndih tions, m;im;j fadgm}m@elsmmb loe lefqoﬂval%hib Peradf lis; mgnqam @h%dt Withehe ) |
anot her aspec t he bi o i.cal sa ma _applied to a nmenbrane suc
as, but not Ii)iﬁlqgé%ﬂ tsél,mpigﬁ?rt?&?é’gatﬂ(?c}%g FH P&E@"Qdﬂ‘qeﬁéoéﬁ'ﬁﬁ%éﬂﬂmh
derived from dimgtie stableSodnatdh of Adondplent OhEEE @8MpRAIS tbrmEaea cigfEame Nt
derived froma engg Virdgjd(%é equi val ent thereof Is then left in contact
f

with the bi ofFHYFE facilitalethe deigetion efthg gemiplaxent and under
conditions, which allow the stable formation of a conplex. Once a conpl ex
is formed, a detection systemis then added to facilitate the detection of

t he conpl ex. g e cadplesmatusen tarunpantats defiedetrers déegie aitus com
dengue Virus ghmuhoiBYiRel REHRE' theRbRbhY % Emﬁé&- eri?8d b?n(ﬁlgggjp%ﬁﬁéxdgﬂdﬁlvgg
ecul es, nmay y

bi ndi ng partner such as i nmunoreactive no ased o
conveni ent melMBdNgEREleinpleculpe ayhe based hosay convanient lmdthodihichavitart . | t

i's contenpl at gd khHah tPHRSE PP IHRSsKiIPSHHL oftor detecting conponents and bi ndi ng

It is contemplated that procedures useful for detecting components and binding
partners which form complexes and are indicative of a dengue virus infection.
in a biological sample include, but are not limited to, immunological assays,
such as immunoblotting, immunocytochemistry, immunchistochemistry or
antibody-affinity chromatography, Western blot analysis, or variations or
combinations of these or other techniques such as are known in the art.

In general, components and binding partners, which form complexes and are
indicative of a dengue virus infection may be detected in a biological sample
obtained from a subject by any means available to the skilled addressee. In a
preferred embodiment, the method of detection employs a further detection
agent, which permits detection of said complexes. -

In a preferred embodiment, the methods as herein described invoive the use of . -
a cell lysate derived from a cell infected with a dengue virus, or the purified
components therefrom (herein referred to interchangeably as the “components”
or the “components of the cell lysate”), immobilized on a solid support such as a
nitrocellulose membrane to which a binding partner of a biological sample may
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partners which form conpl exes and are indicative of a dengue virus
infection. in a biological sanple include, but are not limted to,

i mmunol ogi cal assays, such as imunoblotting, i mmunocytochem stry,
nmunohi st ochem stry or antibody-affinity chromat ography, Wstern bl ot

anal ysis, or \d. a’thé)@&nﬁlbx 160 B?ta' St &ientt e %R gélb%gﬁé aﬁoefrl%”blﬂ%ﬁ SUCh

as are known in the art. gener a honent’s an part ners:
f or m conpl exe2RET B1AY th?’h@?diﬂ@@ﬁ@d @Smg aldeigatiorv agend thatfaemtalmma rmgortmr

detected in a* @ 8R4 %BEClﬁ%{jﬁplb?ndsot%tifﬂb%%%aongml&n&ﬁa %ﬁt %%'Hl?lgx‘t élcﬁet hoa

available to the skilled a essee erre
of detection dlgeatipn aﬂehtlmavetordmwctfooaxaraglenan anttibodhy peromdrsag?bat ¢igati on of

d I net hods. .as_her scri bed
vl ve the usBesfieRifaclq Be SRS ERRer ST o i fmogledinLe o
dengue virus, aotibod, prtgih l@dprotammooeatISCﬁrhemérrn@ﬁw(lﬁ% G?Mpﬁﬁtiv@rffééyto
I nt er changeabl t ts or,. t he 0 ents of the ce
| ysate"), gl mm%af?’?e%ﬁ%ﬁ&a sgﬁlcg gtﬂﬁﬁ%?t’tonsﬁ%?'fﬁ ‘ggpéglenpfs bBCing ar AigeBnbr ane
to which a bi nigined pam aefengtie airbs osbnga@b: wamlr@géwéf dr8upiand- alfbtiedagmp! ex

formed by a c of th cel | sate _and the ding partner may then
be det ect ed u%r%gp upeR! da@‘?mﬁ’g’i%to dopicsll sate H‘eﬁ@ﬂb'@ﬂtlorgh\ﬂibﬁhand

specifically Iintiyg patridhof GrRmeBgRE éanﬁwlé”me aﬁéﬁtﬂemm{mle dingf5dkner

detecti on agen 0 se, for exanple, an anti or ot er agent that
speC| fically l?&r?ga big ’Ogﬁéi SR dniikits: Hee bindieg Qisthan?ééﬂll&d idengu ofirgidul i n

(i.e. antibodglection %b@hﬂto%eﬁﬁﬁﬁcﬂi:l&e& dbrm[ﬁq#'eﬁﬂé‘. |Hdic$f WO RE! r\éﬁb%ttgaqf

corrpetltlve assa be utilize I on agent ca

bi ndi ng an ant |%é‘ﬁd'“ﬂéaﬂﬂéﬁoffthﬁm%m@lga@m witisthei Ie‘lmrmdebd@dnmnmta
reporter group and allowed to bind to the inmobilized conponent of the
cell lysate in conbination with the binding partner of the bi ol ogical
sanpl e. The ekl érﬂrete@emﬁrnlppctmenb.tmua@cpm tevgent isfart hatitidyl avgiecahdagnpl e

o, AP BRI RO, . A S

partner of théinging l@iylrtealof thentpiblegiciat mmﬂ)ie. Amtminﬁés megzl be pagsHred by any of
a variety of techniques known to those of ordinary skili 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 cell
culture techniques, including the generation of monocional 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, an enzyme, a catalyst, a fluorophore and a direct visual label. In
the case of a direct visual label, use may be made of a colloidat metallic or non-
metalic particle, a dye particle, an enzyme or a substrate, an organic polymer,
or a latex particle. A large number of enzymes suitable for use as labels are
disclosed in United States Patent Nos. 4366241, 4843000 and 4849338.
Suitable enzyme labels in the present invention include alkaline phosphatase,
horseradish peroxidase, preferably horseradish peroxidase. The enzyme label
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In a preferred enbodi ment, the detection reagent is an anti body or
secondary antibody or an antigen-binding fragnent thereof, capabl e of
binding to the binding partner of the biological sanple. Antibodies my be
prepared by any of a variety of techniques known to those of ordinary

skill in the ;ﬁadgﬁé r 0.

Laboratory waﬁﬁ%’f 6e9§§ed é!@ﬁ? |O ﬁ l:sr?lqtl)a()t,ra?fll Vl"gw? g?%rn;gaé}%g@g &H&g %‘?&IF@?”

anti bodi es cardn bféepp@@aabmthmla secahdary eantibolipi attse:hedl with ucbrsqadisﬁ
generation of p@&ﬂ&ﬁi n gy apstec f ant i.body genes
into suitabl e bact erslga?}hbc?'%bpqg%“ﬁ%r"fw et s@%sértage Bﬂ?’ UFBS Y8 Wor the
product i on of detastatie nelntCMBbmfe&'ablyHablesesﬁmdfawct@ﬁtdf kedyomptek.ch may be
conjugated to a | abel, can be added to the conplex to facilitate
detection. A range of |abels providing a detectable signal nay be

enpl oyed. The Thatselid sagpdremag lbecingdnétedan rmowmunhcbsrecdﬂtﬂu.ﬁaw sKIripMmYsA, an
uorophore and a direct visual label. In the case

t
gp Zgngu r 20'? aV| é%@[ch'aatalgpmglpg NRLOF FUNpRNEST 6F thg cell Iysatesmpy Reratiached. drornon-

metal i ¢ parti ekemple, djie soxdt s@@n AthyeBaYa e \A@IiS:Hb§trhﬁ;rr&htreaBLal‘Pé njc
polymer, or a. Iat@i gqaatrtl% A | arge nunber of enzynes suitable for use
as |abels are"itfcelifiozear pthepsyitable Siedf'@ﬁnﬁaf'@maw thxs sepRErt Meg48080 and

49330, oo bal Oramigy Muchahefads bBRIALCSABL it Bk k@bt dforaLkal T ne

phosphat ase, horseradi sh peroxi dase, prefera sera per oxi dase.
The enzyme | aP8lYStytenesy RS@/VHW&B'%'U@nEh@Suﬁimrbmﬁhﬂhatbemmmnatlcaparhdem

enzynme whi ch Sfitdp éb(ﬁugelnga,. sukfl 4 Sgﬁogéﬁgaé]sédn\f&néxagﬁklg ﬁ‘eph ! tétyﬂa?gtl body

attached with _horseradi sh peroxidase hen re strate
DAB and produ@e®98fi sual |y detectable col or change, preferably achieves
the detection of the conplex. The solid support may be any material known
to those of ordi nz_ir_ skill -in the art to which a binding partner or
conponent of ifhe binsling pmr@rmcmpamemajﬁmb célblysatemmb@immbmhz&i ba

other sul t anl DB SptBr ol APl echiabedliv tingSsf ST kue B o sc.
such as gl asswhichiare ginady debaibex inithe ppteas bh¢ soRhEfid ibratutehire®ie context
of the present invention, the term “immobilization" refers to both non-covalent
association, such as adsorption, and covalent attachment (which may be a
direct linkage between the antigen or nucleotide and functional groups on the
- Support, or may be a linkage by way of a cross-linking agent). Immobilization by
adsorption to a well in a microtitre plate or to a membrane is preferred. In such
cases, adsorption may be achieved by contacting the binding partner or a
component of the cell lysate, in a suitable buifer, with the solid support for a
suitable amount of time. The contact time varies with temperature, but is
typically between about 1 hour and about 1 day.

Covalent attachment of a binding partner or a component of the cell lysate to a
- solid support may also generally be achieved by first reacting the support with a
bi-functional reagent that will react with both the support and a functional group,
-such as a hydroxyl or amino group, of a binding partner or a component of the
cell lysate. For example, the binding partner or component may be covalently
attached to supports having an appropriate polymer coating using
benzoquinone or by condensation of an aldehyde group on the suppott with an
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pol ystyrene -or polyvinylchloride. The support may al so be a nmagnetic
particle or a fiber optic sensor, such as those disclosed, for exanple, in
U S Pat. No. 5,359,681. The binding partner or the conponent of the cel

| ysate may be inmmobilized on the solid support using a variety of

t echni ques kncamnéoaﬁ&gﬁeadﬁf/e%ngn of B %ri-nﬂe A Qe afo?oer%ﬁi% pﬁgsctgln?ed

in the patent and scientific II'terature. ex‘t

i nvention, thdMefechraiosy Gataley @ndl-fagﬁeo@ 189hattMI2ehioval ent

associ ation, such as adsorption, and coval ent attachnment (which nmay be a
di rect Ilnkage bet ween the antigen or nucleotide and functional groups on
the support, lBreenaip embedimentadiee laysa;ays a)ftwa-staposahdwmfl'k BBghyaJdeRs hssay

monbrane s oranLbe B[R 89, Sefing o iautiaTingy of o bibksicok stmple
contacting t héhatihvesi begnimntobdiizedronaa selinauppen cathmbhE théWelllof sahRrotitrd a
sui tabl e buff sui tabl e ampunt of tine. The

h lid
contact time ViiPe Etantbﬁe(foz'?ﬂ?bﬁﬂf QF%OQ%UIYSP? ag \isrein | dapcribrd. ich thebat 1

hour and aboutcompdagnt osidvast tbiREC RTEms uﬁfnoB:hQéd“iixr&ﬁnd)%faHHSF @ﬁtrrﬁ‘md
conponent of the ?eJI sate to a solid support may al'so general

achi eved by fisPEP' 'éatE?X e Eerp toe tm'\’ﬂPP’HZQﬂ cyUNple ﬁéleﬁBCtmgémntt hat
will react wi t(he!h?hﬂﬂy@@ec%lﬂﬂm‘bogﬁ@aﬁaﬁlé'%@Blngggl to%@%ndxn%?)ﬁﬁaelatﬁr mecel |

hydr oxyl or am no gr ou artner a conpone
| ysate. For efaffprBEent; Iﬁ’@”‘l@iﬂ%ﬁ ﬁgfetﬁaftﬁhéfmtﬂﬂ iz @dgedhehbe ranyound of cledéation| y

attached to s ntshétaﬁéh{gihéBo kO Rd @é@]egﬂéy fs GRALY rrH?m'qubs ing & ¢ - én

benzoqui none or condensatlon an al group on e su

20 anine and &fthed ﬁWOEWEé@éhec&pe@lﬁ@r&mﬁpog@np (see, for exarrpl e, Pierce
| munot echnol ogy Cat al og and Handbook, 1991, at Al 2-Al 3). In certain
enbodi nents, the assay is a two-step sandvm ch assay. This assay nay be
per f or med by Marespedihi ailmom@ thediinding gpaptaert orea cofmpandmtalfabé call Iysatmlse

ﬁnhgﬁ OP ?ts r léeen rgﬁggm%dt éﬁt heQLc”%)D Oneﬁ?&%{gggr EPBY‘?CC*FWE%W%’"E@EW&QQ ﬁ'tﬁ%%r i bed,
such that a the support are typically blocked Any suitable blocking agent known to those of
' ordinary skill in the art, such as bovine serum albumin or Tween 20 ™ (Sigma
Chemical Co., St. Louis, Mo.) is used. The immobilized binding pértner or
component is then incubated with a component of a cell lysate or binding
partner, respectively, such that a complex between the binding partner and the
component is allowed to form. The component or binding partner may also be
diluted with a suitable diluent, such as phosphate-buffered saline (PBS) prior to
incubation. In general, an appropriate contact time (i.e., incubation time) is a
period of time that is sufficient to allow a component of the cell lysate to bind to
the immobilized binding partner, or vice versa. Preferably, the contact time: is
sufficient to achieve a level of binding that is at least about 95% of that achieved
‘at equilibrium between the bound and unbound binding partner or cdmponent of
‘the cell lysate. Those of ordinary skill in the art will recognize that the time
-necessary to achieve equilibrium may be readily determined by assaying the
level of binding that occurs over a period of time. At room temperature, an
incubation time of about 30-60 minutes is generally sufficient.

21




conmponent is allowed to bind to the imobilized binding partner. Unbound
sanple is then renoved fromthe imobilized conplex and a detection reagent
(preferably a second anti body capabl e of binding to the binding partner or
the conponent, containing a reporter group) is added. The anmpbunt of

et ot on 1 CeUmun g RBHSTS P UAIS PO LA SHRR Ll n Sy,

determ ned using a nethod a C tepor
More speci ficalfl 9ppf@ﬁ%&§ethhlé‘eb|&hlﬁh@ RS tcnetairing 8.1¢6 Tpeea 20 ™f A dtetectdn

| [ bed ab
b?/?lg;[ ﬁgl :I t:as on sfég(fo ts'e:t?lig {‘).'igcal %%S%Trr{&%e a‘?"mﬁ %lrfyéﬁi% o'bﬂlf’gkl ng

agent known t dalmmogga@ner amdimhwhy:omkauhé alrepdrtm ghaup, nﬁﬂheﬂbe@@me@ﬁ) Ry um
i.s used. The

I b )
ot 1 ped braol narpdft! PheBRed S TntBs inde, bioke isaties e Beiow.
conponent of aheetibteclmatgentr isbihadiiNCUbaNET Wi the! BERGSIiZcdehinding Usdirdhat a

conpl ex betwe nding partner and the conponent is allowed to form
The conponent %AF‘E&?’%B ﬁ&mﬁ%’(t W%rgo‘)fbgmedﬁ‘l‘fﬂﬁiéﬂt i@ detect the t kayng

dil uent., such mmnmheﬁpdﬂeﬁl@dlbglbéﬂﬁ@dAﬁaéﬂpl?@r(a?@@no%i & tirh® mdy BRIy H2 1N
general , an ap riafe contact ti ... Incubation tinme) 1s a “period
of time that B?W?ig\éﬂﬁqydf‘gaﬁedﬁﬂ%l Qfd?ﬁdjﬁ@matd:ccwﬁeow%ﬁ peripgaefdirne bi nd

“the i mmblUnbbaddbdétdd:tiwa RaeANEY ,thé?{ f ont act
t| ne is sufficient to achi evg a |l evel rgm%?%%;‘e?tbﬁgé@l%tg‘?’oﬁeaé&a out

95% of that adieiest using hgurarPcHer greuret Thee mathed lempleyesntoruddtecting thiendi ng
partner or CONBSHHE tgné’up dé&?ndéel.lldoﬂ #8efure HIRE 18 or?é'rgj 5‘% yFo?l?ac!ilo?ﬁL.th(g;hg

art will recognize that th necessary to 1T brTa
readily det er SOHRS: b%‘@ﬁ'@h@ﬂ n@)ttﬂﬂég DEV@Jtomﬁidgramlmgmeﬂwsoamjrg;emvaly a

Tt o poaRP B SpEBBELp gl BLIAGL AHAT be s 00
by washi ng t h@respssi shromsgenic amzvmnesandeﬂupreqnentagreubmf Chromsgepic @zyRiBS
ﬁ?ﬂ&f"ng' o thaladboele ot e 5P, BT BHSE . ahd . fkeliriag SS'IP@PSB and
whi ch cont ai n§lupresnsot gerupgrindpde,nbyt aneemotbitmidsities] fluerddein isothiocyanate
- (FITC), tetramethylrhodamine isothiocyanate (TRITC), rhodamine, Texas Red
- and phycoerythrin. Biotin may be detected using avidin, coupled to a different
reporter group (commonly a radioactive or fluorescent group or an enzyme).
Enzyme reporter groups may generally be detected by the addition of substrate
(generally for a specific period of time), followed by spectroscopic or other
analysis of the reaction products. The substrate can be selected from a group
of agents consisting of 4-chloro-l-naphtol (4CN), . diaminobenzidine (DAB),
~ aminoethyl carbazole (AEC), 2,2'azino-bis -(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), ophenylenediamine (OPD) and tetramethy! benzidine (TMB).

- It may also be desirable to couple more than one reporter group to a detection
agent. In one embodiment, multiple reporter groups are coupled to one

. -detection agent molecule. In another embodiment, more than one type of
reporter group may be coupled to one detection agent. Regardiess 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 -
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solid support. Preferred reporter groups include those groups recited

bel ow. The detection agent is then incubated with the immbilized binding
partner- conponent conplex for an amount of time sufficient to. detect the
bound conponent or binding partner. An appropriate anmount of tinme nmay
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a radloactlve r fluore nt up or_an enz
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speci fic peri sdmpfe kldﬁﬁéble&ﬁbﬁﬁﬂl@t&he%ﬂﬁﬁ%ﬂ%&E@rhﬁg&%nt%tf ﬂ?éceiﬂﬂ?z]ﬂ %%5 of

the reaction Hoducts The substrate can be selecte roma

agents consi stishtpBPleLaskeshvoyshkeHnembranecn) Se@ﬂ'@rﬁ&h@ﬂ%dé@m@ AEAR) |
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(TMB). It may gt %Eomeagenhrf wst thredghptiee mmbltahan Thredetegtiort ef bgpundp to a
det ecti on ag@gfectiéma@é}ﬁnmgr%’ﬁeﬁo%leghglo%sé grérpg)&?groups are coupl ed

to one detection agent nolecu n ano nore than one type
of reporter group rray be coupled to one det ectlon agent. Regardl ess of the
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group 22 cell lysate is bound is immersed in a solution contalmng the biological sample.
The binding partner in the bioiogical sample migrates along the membrane
through a region containing a detection agent and to the area of the immobilized
component. The concentration of detection agent at the area of immobilized
binding partner-component compiex 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 on the membrane 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 biological 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 compiexes between the components and a binding partner in the biological

23




May be coupled directly to a detection agent, or linkers that provide
multiple sites for attachnment can be used, In a rel ated enbodi nent, the
met hod as herein described may be perfornmed in a flowthrough or strip
test format, wherein the binding partner of a biological sanple or a

conponent of tdamplel Thgwahpld:sisi AP Bilecwpit B afy H%Xﬁéﬂﬁgcrib%‘d%ov@%si
nitrocellulose, ,In the flowthrough test, for exanple, a conponent 0¥ the
cel | lysate 3 getesipihpgenis sushas A andibeds Theslinsticl tast candirovidearquick as
the sanpl e pasgiestidndiHeNotd Ex RIR @ hg 4L | Lbpdi ng par t ner
in a biological sanpl g#i socap)éﬁt;afe of fPfgnll"rtl |'hg Iét}gétbﬁozéqfwmlrgggp%%éd conponent
of the cell lysate as the sanple passes through the nenbrane. A second,

| abel | ed det ecdq T i t bl ndin ar t.ner - conponent
conpl ex as a gdéﬁ gtg?(gﬁ‘%g%?lt at{ﬁﬁtpﬁg R% S %e%re}&nfé@r‘{g'gggﬁss‘ﬁ'%{%' E‘F‘n &G0 "Pne
menbr ane. The SGEREER Makewfessunidthatiateetbi@nisdgendd. he Atk b dindembgbaed as
descri bed abo ' S mat, one.end of the penbrane to which
a conponent o:‘é%? h%xﬂedégﬁlfﬁ{ %/Jéﬂpé@ %’%{eﬁﬁiﬁ‘m ?g"\dfﬁ%‘f%}jﬂf}t R%J@ggmﬁtm of '
cont ?i ni ng t h'éh%'r:@hp@kc'ﬁlhe'bhdbigmonsfﬁhﬁisbh@galue obﬁdiﬁélﬂﬁhérﬂtﬁe%n@éﬁﬂéé%cm

sanpl e m grat e rane ., thro regi on containing a detection
aggﬁt andgto t?éﬁéar%g'g\p!)?( 't ﬁﬂ?‘?ﬁargﬁith? f’é?f}j“%EBﬁﬂT%g?fﬂpom C@Bmgﬂﬁpaﬁ-i Ibn of
det ecti on agemgenetalt tvo @oaoahds rambidid 26 d'bindi HRNY BA @ -the "HeBsRt

conpl ex indic ‘%s .t he I5)r eﬁ%;bce of binding agent in a biological sarrp3| e.
Typi cal 1y, t hd"EGHQRAYheR g PiIRding cansfapkior camplexdgeanation excegats abpute10
generat es a pafrel TheBindingSoBstthMayeadcte@inbg u%ﬁ@%&fh%H@'vLe‘ﬂ'knB%i bsence
of such a patﬁ%tnrti ndi cates a negative result. In géneral, the anmount of

bi nding part i mobi | i zed on the nenbrane is selected to generate a

visual ly. discernible pattern when the biological sanple contains a |evel
of a binding %ant that would be sufficient to generate a positive signal
in the sandwi braaes, conternfated obyrdfte anefbod sod Kt E thSyrbsdnt Sheentian

ST hpl o versi ae\oe BRE miinbire XPWhGTBhe IR Bhdto BafhdnanforEPRens el ”
| ysate can bEefyaffipm theqdengus wiruseabequivalestutherans @nnbihdoCEkartples &f
- membranes include without being limited to, nitrocellulose membranes,
polytetrafluorethylene membrane filters, cellulose acetate membrane filters and
cellulose nitrate membrane filters with filter paper carriers. Most preferably, the

membrane is a nitrocellulose membrane.

Alternatively, the diagnostic methods of the present invention may adopt an’
automated analytic method using a biological microchip. For instance, a -
diagnostic kit can be 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.

The method and kits of the present invention can detect exposure of human or
animals to a dengue virus or equivalent thereof either during acute infection or

in convai_escent phase. As used therein “acute infection” refers to the period of
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menbrane. Strips of nenbrane may then be subjected to biological sanples to
form conpl exes between the conponents and a binding partner in the

bi ol ogi cal 23 sanple. The conplex is then detectable by any neans descri bed
above using a detection agent, such as an anti body. The dipstick test can
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Baid o - bing MHeaP RNSRLERAICBUCiRG 188 metid, 5 Kok tish brasedh mBIgngi ng
constant for cxppswr deorvmtieecteekatemstimbatiter $83eratidimof a Hildn ipathagin

const ant may 1 usi ng net hods well known in the art. Menbranes
cont enpl at ed E@eﬁﬁ%&%})ﬁ@%tand kits of the present invention include any

menbrane to which either the binding partner or conponents derived from

t he dengue virus o equival t her eof can bind. Exanples of nenbranes
i ncl ude wi t'hod‘bj 35'8{*}‘?5%13%‘?%@2%? fresent nyeation, these isvarenidgd e kit for detecting

pol yt et raf | uordehbiyd eings svBUR ¢ MpAsig:S, cel | ul ose acetate menbrane filters
and cellulose nitrate nenbrane filters with filter paper carriers. Most

preferably, the nenbrane is a nitrocellul ose nmenbrane. Alternatively, the

di agnostic nethodsgpf tAgol &&pPSr iniEHhd %ncém%%ﬁéilﬁgferi%d f,%maan@ga%g of

anal ytic nethod using a biological mcrochip. r I nstance, I'agnosti c
kit can be struct u?@% 'FfGC‘i?érV’ﬂg‘rdﬁﬂQ#ﬁufﬂQ%Dbe'aﬁliv@eutsihﬁ@oa gl ass slide coated
wi th the conponentgpf the cell lysate. This diagnostic kit may conprise a
bi ol ogi cal m crochip onto the surface of which a conponents of the cell
lysate is inmmobi Ihﬁed,a aalich sppppt induding faf ermpenestt aledsed ifivad asigsatk eof

?ggg;LtSE ngsahe?g} ﬁ@él@bin?edté'd’ %\llithotier%&divﬂgs atg’eenéuivae}gr% fherdor4 a%rh%ddt%t SCt on
second support;
i) an incubation container;
i) blocking buffer;
k) washing buffer;
1) at least one detection agent conjugated to a label for detecting a
compiex that forms in a biological sample; and optionally

-g) instructions for using said kit.

The present invention further provides a kit for detecting exposure of a subject
to dengue virus or an equivalent thereof. The kit may be any convenient form
but generally comprises a solid support such as described herein adapted to
receive or comprise isolated immunogenic components or lysate of a cell
infected with dengue virus or an equivalent thereof. The kit may also comprise
reagents, reporter molecules capable of providing detectable signé!s and
optionally instructions for use. The kit may be in modular form wherein
individual components may be separately purchased.
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described. The nethod and kits of the present invention can detect exposure
of human or aninmals to a dengue virus or equival ent thereof either during
acute infection or in conval escent phase. As used therein "acute
infection" refers to the period of 24 tinme when a virus has infected a host

and is activelphe | [ L; ' i.th
I nfection. The " clgﬂr?t‘g gg’?ﬁ?ﬂﬁé@ggﬁgﬁﬁg0?%3%?&@19%??%%%’2&%%@&“
i nf ection cycloBe\WRembge ifyaesolif raupppe aemprisingea couipphehtydfng haate bBaBigls i n

t he host bl oo h d e I ngdi ers suc S, but not limted
to anti bodi es%%sa?gg%eﬁég%ﬁ%dgral%dqﬂi t%%g&%{ehg Yr Sﬁn[}sgﬁ?vgﬂmpaﬁ',"g &posur e
can be det ect dnamnogenic componéntelerigen froat a dengife virusion@igoigaledt thesofi N t he

i nfected patient. In another aspect of the present invention there is
provided a kit for detecting dengue virus exposure conprising; g) a solid

support i ncl udh g altecnativorembodiechv e $olidnauppbitsinthrivbs ateatay bNbiRaihgd Wi th
dengue virus [,mﬁ(g#iféal ent thereof; or hi) a solid support including a
conponent der F9eaPranTAE PLOGIECURPANGNtSOf alieselBore,dangue Mg iar squivalensr
second suppor theredf frgm onk or nibre edbier! ent thereof attached to a an

I ncubation container; blocking buffer; washing buffer; at |east one
detection agent conjugated to a | abel for detecting a

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 components of the dengue virus for use in the detection: of
exposure to the dengue virus. In one embodiment, the invention provides a
nitrocellulose membrane, either for use as a dot blot or use as a dip stick, which
includes components of the dengue virus or equivalent thereof. Preferably, the
membranes include :components selected from the group including dengue
virus structural and non-structural proteins, dengue virus patticles and
fragments thereof, glycoproteins, lipids and carbohydrates derived from the
dengue virus or any mixture thereof.

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

solid supports can then be subjected to the biological sample to detect dengue
virus exposure.

The second support may be a holder which holds the solid support to improve
manipulation of the solid support which has immobilised components of the
dengue virus. For instance, the nitrocellulose membrane may be supported on
a stick which enables the membrane to be dipped into a biological sample such
as serum. This is useful as a component of a kit since small amounts of
biological sample can be tested simultaneously.

The present invention also provides a method of assessing the relative risk of

one or more subjects being exposed fo dengue virus or its equivalent thereof
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complex that fornms in a biological sanple; and optionally g) instructions
for using said kit. The present invention further provides a kit for
detecting exposure of a subject to dengue virus or an equival ent thereof.
The kit may be any convenient form but generally conprises a solid support

such as-descriviigfh heasiitdgRREGH (%g. géggﬁwﬁ?ﬁ?re%oenﬁg[j%\iﬂﬁg hészéeileah?e%ns of

i munogeni ¢ conponents or |ysate ect ngue virus or
an equi val ent tfanspeder camer for medioal tibatoand ppasssesmestlgemrisingepor t er

mol ecul es capafl e gfi ALY H}ﬁle ta | | s _and._..opti.onall

i nstructions %gr user Ihae s%l t rrsg$'10§gé‘| E pﬁﬁédéurﬁ%ﬁef BW%O(SE &“l’tﬁm n%ér’r{ﬂe&ual
conponents may be $sphenitasidy purchased. 25 The kit may be a nodul ar kit
conpri si ng ong,or ecein at least. .pne nenper is a soljd
support corrpri%gi nggg%%gﬁggg\gﬁ%ncg]o PYeAE %T?"gW@af m‘f"ﬁB@@t ‘éﬁa\/\ﬁrﬁplﬁengue
virus or equival enpopulaiil lto | 3 sddrgueonipid Sir Ngguialerit MNeRSIIER Gh& OMBRIRANT
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one or nore conponints inteiidgos HIBIOGicHEBAMPBIeVrbMSsWje@OWitl 3l @8inpohdiar eof
fromone or nore subjects, ggfe I_ﬁrﬁsent i nvention al s6 provides i ndividual
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virus for use in the detection of exposure to the virus.
enbodi ment, the i nvent i FHISF §ihgcomponent eentained withia the bislegieal seimplesr f or

use as a dot bl ot USEt8EniAing| ' ' ' ; f the

dengue virus or eq‘li?ir val ent tlhgrgé'g?..éi;é‘lgr%é?%%%&?"{pﬁ’ %ﬁg‘?%?ﬁiﬁ%ﬁe

conponent s sel ect ed fr dhteeRioispntisstiveddhexndsurguef thei subjecs to acdengak and

non-structural proteins %pgggwgi?wﬁlep&rlérﬂ es and fragnents thereof,
ohydr

gl ycoproteins, lipids and car ates derived fromthe dengue virus or

any m xture thereofi) Thssessingthauelative riskhpf exmeukzewithinitios défiteddogdtiohe,
gl ass slide or biological
Risk analysis may be conducted using software in a computer readable form.
Consequently, the present invention further relates to a computer readable
program and computer comprising suitable for analysing exposure of subjects
or group of subjects or a risk of exposure of subject or group of subjects to a
dengue virus or equivalent thereof.

The method or technique of the present invention allows for the epidemiological
study of outbreaks of infection caused by dengue virus or equivalent thereof.
Such studies provide valuable information, which advance ‘multiple facets of
research in the area of dengue disease. For example, epidemiological studies . -
aid in the identification of the index of an infection. Such information enables

- the identification of a defined location of from which 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 dengue virus or
equivalent thereof without major laboratory equipment or even in field
conditions. Such information aids in identifying subjects which require medical
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m crochi p wherein the conponents of the cell |ysate are inmobilised. These
solid supports can then be subjected to the biological sanple to detect
dengue virus exposure. The second support may be a hol der which holds the
solid support to inprove manipulation of the solid support which has
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medi cal treat mnw llamearﬂsephase obnmemtmmg]aya)e ﬁmbmdn@ g@@ﬁh.ﬁ@ theom a
representativ a def ocation; and assessi ng

evi dence of e%p@su e oipggﬁ# \??0‘{}’51 u Wk)eé’fgn ke gg%ﬁﬂﬂ @e"}%rb‘ag'&tfed’ﬁ"t% a
dengue virus dengushaakeyhdiohsy eof by the nethod conprising the steps of
1) contacting a biological sanple fromsubject with a conponent derived
fromthe dengue virus or equivalent thereof to forma conplex between the

conponent s an#udhay e tichdigué o thd bRdeRinveidmsiovet 4 h\%aﬁQ fmqg&m ing -

contained within the biological sanple; ii) determnin sencte” of the

conpl ex, wher SHRICERAVHG Bk "é"t%q W’tf‘h‘éertgb'ﬁp\{'@ﬁ E\EOWlﬁ@hf@%t’th&/f@plﬂf defeplissur e of

t he SUbJ ect tQomtnﬁ’gft}@%caﬂdnrd#%f@ét{O%%Hd"(ﬂ&%ge diii) assessing
the relative risk of exposure within the Ié@ﬁ%ﬁ%&a&% Ri sk anal ysis

may be conducted using software in a conputer readable form Consequent |y,

the present i px&fpbleQdf thy Hd8EdUres BL&EFin Re PréPIVEREERNFRWbe 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: The Dot-Blot EIA (DB-EIA)
a) Preparation of dengue virus lysate antigens

C6/36 cells were grown in 75mm? tissue culture flasks {Nunc, Denmark) in
Leibovitz 15 medium containing 5% heat inactivated foetal bovine serum. Virus
stocks were inoculated onto confluent monolayers after removal of growth
medium and allowed to adsorb to the cells by rocking the flasks at room
temperature for one hour, after which the flasks were replenished with 20 ml of
maintenance medium (Leibovitz 15 medium with 2% heat inactivated bovine
serum and antibiotics), then incubated stationary in an incubator set at 30°C.
Maintenance medium was changed after 2 to 4 days (depending on the virus)
and the culture supematants and infected cells were harvested when cytopathic
effect was apparent throughout the monolayer. The culture supernatants were -
clarified by centrifugation for 10 minutes at 1000 rpm at 4°C in a Universal 32R,
Hettich with a 1452 rotor, and stored in aliquots at -80° untit use. The infected
monolyers were washed one time with phosphate buffered saline (PBS) and
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program and conputer conprising suitable for anal ysing exposure of subjects
or group of subjects or a risk of exposure of subject or group of subjects
to a dengue virus or equivalent thereof. The nethod or techni que of the
present invention allows for the epidem ol ogical study of outbreaks of
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strategy. Exanples of the procedures used in the present invention will now
be nore ful'l y(C)@BsEIA pretocolt shoul d be underst ood, however, that the

{Nglyl g‘é"' ggr ggf?ﬁ% ﬁd&%h&gﬁ&é%ﬁ%@%t b¥® AlobefilSse Ql?éjnl"tgraplgt(sbcﬁléir%ﬁgp g" &
Schuell BA-S 83, 0.45um, Keene, NH) in a 48 well format. For the assay, 3ul of
dengue virus lysate (1, 2, 3 & 4, as prepared above) were dotted into the
labelled nitrocellulose (NC) membrane in duplicate and then dried at room
temperature. Each dot on the NC membrane was cut into 7mm X Zmm pieces
and placed into each well of a 48 well plastic plate {(NUNC, USA) in such a way
that the labelled side was facing up and then the NC dots were blocked at room
temperature for 15 minutes using blocking buffer containing 5% skim milk
(Merck, Germany) and 0.1% triton x 100 (Duchefa, The Netherlands). After
incubation, the blocking buffer was aspirated off and the wells were washed 3
times with washing buffer (1xPBS with 0.05% Tween 20) allowing one minute in
each wash with gentle agitation and then used for an anti-dengue-igG assay.
The antigen dotted membranes were incubated at room temperature for 10
minutes with 100-200pl serum sample diluted 1:100 in diluent buffer (5% skim
milk with 0.1% Triton x 100) in duplicate in 48 well plates. Positive and negative

- serum controls and membrane controls were kept in the first column of the
plate. After incubation, strips were washed four times with washing buffer as
described above. After a final wash 200ui of rabbit -anti-human IgG-HRP
(1:1000, Code No. P0214, Lot 012, Edition 11.03.02, DAKO, Denmark) was

29




generality of the invention described above. EXAMPLES Exanple 1: The
Dot-Blot EIA (DB-EIA) a) Preparation of dengue Virus |lysate antigens
C6/ 36 cells were grown in 75mvB tissue culture flasks (Nunc, Denmark) in
Lel bovitz 15 nedi um cont ai ni ng 5% heat inactivated foetal bovine serum

Virus stocks adgeg intdeh @P&ﬁarﬁ&“ﬁﬁuﬁé’t@& 348 at%ﬁllnaﬁéﬁfp\%rﬁurte%r 16

gromh nediumand allowed to adsorb to t'he cel rockin @:asks at
room t enper atfdhe hipsyera svashed ragain fan b dimasrusing wemﬁr\h@!ffer asapésmlbstied

with 20 m of 5,Bpk NARBRRRI hU?s-1bg{,m\é§JL§t{%&§o;uﬁa+ {RAIC et i&ggs;e;} 0 an

i nacti vated bovine serum and ahti bi én 1 ncu
i ncubat or set DRakoCggm@tionBlenmatigneas rmidedrtumholmihgé’deafrémncé ¢foarti-days

er & har vast od Ui 0 s, RGP Wil e B BUBREREL ER ol Rt el L™ °

monol ayer. . brewrish tstmlemtbpeﬁrrmnamssorvaTeeNCCdnambfar&ad Dite @erﬁsrwémgmtehon for
10 m nutes at w’la(g th a 1452

rotor, and stor egg? ?R@'& W@i gelgﬂsgggvrgt%ﬁ{m?& ﬁQQOWﬁ@p?Fﬂ*‘ér@taé@%%‘?ﬁﬂltﬁer s

\éve;T1 e w?s heﬁ om@re |mgveft?dh visoahnhahe intondi fS(ij (1Y §t@n|ﬂldtﬁ)dr|ﬂ%$élogéﬂi irtthe! db:‘iL ed m'\/ln
of a toni g, bu
C1237. 5ul ) ggﬂs[ %?”ﬁ gorP%fﬁ@dge]l‘gwh? ﬁf"g’é'{“ ﬂwtbﬁ’eﬂﬁé@ég%ﬁﬁ%aew ﬁam@lﬁs

centrifugati o(FugureMi O4HY IzpﬂD‘eOélo?m%nf"dﬁtﬁrﬁ uhBledr Mot i® @RLitibfdddss (
M crocentrifu L TER) .and t he sate super natants (refe erred

es
to as "lysat ego é’“%é? @n‘élnﬁ‘ﬁ thegtesting Qfﬁﬁé@'ﬁism@%lﬂaﬂ fivesdays(infermngue
positive and aﬁg@tﬂrﬁqsaﬁqﬂ@g_Ser um sanples fromfifty-eight positive cases
were used in this study. FIve dengue positive sera were used for the
devel opnent of the test protocol. 01e hundred and twenty two dengue

negative ser upbp BEPLiRsioNCSEth ontrol
I ncl uded serum col | éct and fro%qquel orat gpéq%‘?a?trélg#edoflrgﬁjt@ﬁg%tff%ﬁ'
wor kers who wéeEe Regatstading &o@@ﬁg@@ to 1:6400 and were performed in duplicate in a

48 well plate format.

The DB-EIA was developed using dengue virus and confirmed 5 positive and 16
dengue negative sera collected from laboratory staff. Virus neutralization tests

against all serotypes of dengue viruses was used to confirm reactivity of the
serum samples.

Sera were tested at ranges of 1:12.5 to 1:800 dilutions. Results showed that all
dengue confirmed 5 convalescents showed high levels of reaction against
dengue lysate antigen (>1:800) while 16 negative sera did not show any
reaction even at 1:50 dilutions except two serum samples which showed mild
reaction up to a level of 1:50 dilutions {(one of them had a history of vaccination
against Japanese encephalitis virus while the other one had a vaccination
against Japanese encephalitis, Yellow fever and Tick-borne encephalitis virus
and have a neutralizing positive antibody against yellow fever vaccine virus).
‘Hence the cut-off point of serum dilution for the DB-EIA was set at 1:100 and
used throughout the study.
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I nfection for pan-bio IgG assays. (c) DB-EIA protocol The dot-bl ot was
performed onto nitrocellul ose nenbrane (Schl ei ncher & Schuell BA-S 83,
0.45pm Keene, NH) in a 48 well format. For the assay, 3ul of dengue
virus lysate (1, 2, 3 & 4, as prepared above) were dotted into the

| abel | ed ni tr qoed @Imnﬁé@h dRWhke [ I Iy gf oom
t enperature. égﬁﬁudot on the NC rrega?gr?g’sﬁgg sgﬁ@v?rﬁéﬂpbpﬁf?atgé ’ﬁ%@tee and

pl aced into edlHiglens sartingfomel: FOQ)FChétGidf@O6h%it@0(MQUI\I®SItUSA)98ctmrBi¢cﬂhea way
Lhat the | abeldiaord sietpago.” AR A BRIl NS ikl R AGEKRD, 2

room tenperature for 15 m nutes using er contal ni-ng
mlk (Merck, angrinigh aysays@nd. Smmfﬁdlhu@iexe!moomMew a, The Net herl ands).
After incubation, the blocking buffer was aspirated off and the wells were
washed 3 times with washi ng buffer (IxPBS with 0.05% Tween 20) all ow ng
one mnute in E’@@wlevaisﬁpmpahsgl&m |DB-EdA tata Dengund Indisstt UGB EIIISA atd a

anti - dengue- | "ﬁﬁ tted nes were incubated at room
t enperature f%? mr‘rﬁﬂnsuI 16s w%eq%ﬂgﬁﬁiﬁay@%{ﬁ sanple diluted 1:100 in
diluent buffer (5% skim mlk with 0.1% Triton x 100) in duplicate in 48

wel | pl ates. serum controls and nenbrane controls
were kept in tﬁb&' eﬁ%@mc&ﬁ&é?ﬂ@he plate. After incubation, strips were
washed four tlTrh'esPamEildn Dsaghe Im;:lubuf fgey EEISA'd@ét pama BRSHHe, Ahét%luawabna'

wash 200pl of gbb ;{%Qtl_ GHRP 00 Code No. P0214, Lot 012,
Edition 11. 03”6‘3 A %Ccé’@d dt9d thet methach describechdby rbabat ed

agai n at roomnﬁamlﬁﬁft@rbﬁreTh@rcdrﬁm@rd‘ﬁIﬁ/eﬁvatI%BIé 'ki?ewa?é s ?8 é’:\@rtﬁ vgg,l;@é}dagal n
for 5 times ui EE washer, buffer as descri bed above. After |na wash

75- 100pl qug: 20aiRst Aqtbiet (AR, Denge avfigersersied pgbmt\y@teommﬁ
Denmar k) wes presisi ;.ea%rwséd f&hﬁe ms%sgegﬁse?%w%?é by ut@ng%og%ﬁhvma

I ndicated wth the devel opnent of CII’C rowni sh
stain wthin Semdilvant grovidad, N@OW@YﬁﬂrC&rﬁ@e PO¥itives negativenouteoff arechpatiemddied 2

times with desepl %efe YA to tHe HidteALodtIRMt SHPRALYI$E 2 MLh IS 1SSl bE
attached if they are present in the patient's sera. The plate was then incubated
for 30 minutes at 37°C. Following incubation, the plate was washed 6 times .
with the wash buffer provided and 100ulfwell of horseradish peroxidase (HRP)
conjugated anti-human lgG was added. These complexes were then captured
by dengue specific IgG during incubation of 30 minutes at 37°C. Once again,
the plate was washed six times with wash buffer and bound complexes were
visualised through the addition of a 100ul tetramethylbenzidine substrate. After
15 minutes, the reaction was stopped by the addition of 100ulwell 1M
phosphoric acid. The color intensity in the plate was then read at 450nm using
an ELISA plate reader.

The optical density values obtained from the reader were converted to PanBio

Units to determine whether the sample sera were paositive or negative using the -
formula below:

PanBio Units = 10 x Absorbance of Sample/Mean Absorbance of cut-off
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were interpreted visually. The intensity of. the stain/col our devel oped in
the dot 1is roughly proportional to the anbunt of anti-dengue IgGin the
serum sanples (Figures 1 and 2). Devel opnment of an unclear dot is

consi dered as non- concl usive and needs the testing of a second sanple at

| east five dayear Bfoeﬁéhi’és b&bwidRefd Fe%taro%%% h@@at%vgo{}alﬁ&ebétwe LAld gﬂd qf the

| evel of anti-dengue | a range of ['utions™of serum e starting
from 1:100 to af%@"ﬁ‘?ﬁi‘d/b@h@ @r“ﬁe&‘ﬁ pasitiyepl i cate in a 48 well plate
format. The DB-El A was devel oped using dengue virus and confirnmed 5
positive and 16 dengue negat Ive sera collected fromlaboratory staff.
Virus neutr al i(BhEp@netitverside-ggayme immuhoassey(@Ea) of dengue viruses vvas

used to confir, \ e anpl es ra Wereteted

ranges of 1: 12@3&“?{?}ﬁl é8 ggcfgfn b?%snss??’ @Jes ﬁ?)t @thcm%{sp%fma?ltwe@

confirmed 5 cdestangdargiass sliveviPattulady, Chiral),sapproximatdy Sim xgiin dth tm@@gue o
| ysate anti ge 16 egative sera did show any eaction
even at 1:50 g:of"'msog'gae@@elﬁ % wo eﬂmsﬂ’ﬁﬁlﬂgsdﬁﬁgk@%ﬁo%m% fl"ﬂ{ Aaction
up to a | evel awtigdn.5Bach weil waﬂsoéteﬂawmmm Renyddni dHtgbe! Ar-ed/ascinaat i on

agai nst Japan enceph |Ie t he ot her one had a vaccination
agai nst Japanﬁgdé'hl?g y #‘%Jﬁ’ Pév'é‘Pt%ndioﬂPB’lﬂgthﬁaH%" dhe sfiggmesi s

virus and hawgam me.utmbnalzogi @Dﬁb&klﬁg‘-baﬂéﬂ@@B’sé&%ﬂérﬂéﬁteﬂ%ﬂpﬁvﬁ’/ﬂ%@
oint of serumdilution for the El A

vacci ne vi rus t-of f
was set at 1: lweﬁ'rﬂ} a'ﬂfigﬁ/c /‘(JJ@HUIEPSPﬁ@at%JW"a'B@e y(Rs adstedi torasgha

conval escent el dridvSyIs test Wk in vidls! Afed! ity |'é§<€| ons
starting fromfllpiloo ?ﬂ) 6400 t hat shovved! osﬁ??e re tglg%ﬁ été‘:t)n[?%gPB)

di | utions of M(?5ukpf Mabdgithey Tlgvivises Epmﬁ@ﬂedang@ wigud spaciit), derivedns of

- and
Conpar | son LP“’%E‘. Eﬁ%@ﬁ%@ﬁ&ﬁﬁﬁ 3lidine Sitlrotle € A0 FIE Bt wet 3BT >

sl i de- enzyne ithen¥Ribadigh wase @gt as a conjugate control, or slide control (100%
compefition). The well with no test serum was the Mab control (0%
-competition).  The serum controls included wells with either strong positive or a
negative serum to ensure that similar levels of inhibition were obtained in each
test. Following 45 minutes of incubation at 37°C, the plate was washed three
times with a washing solution (1:5 in PBS) and 50pl goat anti-mouse serum
conjugated with HRP (1:3000 in blocking buffer, Dako-cytomation Code Nr P
'0447) was added to each well and incubated for 45 minutes at 37°C. The slide
was ‘again washed three times in washing solution and 50ul/well of hydrogen -

- peroxide/orthophenylene diamine (OPD) (Sigma, USA) was added and allowed
to develop color for 16 minutes. Further development of color was stopped by -
the addition of 50ul/well of 6.8% sulphuric acid. The optical densities obtained
‘were read by ELISA plate reader at an absorbance of 492 nm-and converted to

- percentage of inhibition (P1) by using the following formula:

Pl = 100- (OP in the test well/OD of Mab) x 100

Pl values greater than 50% were considered as positive to the dengue antigens.
(c) DB-EIA

32




(a) Dengue Indirect 1gG ELI SA The PanBi o Dengue Indirect 1gG ELI SA Test
(PanBi o, Brisbane, Australia) was used to detect antibodies according to

t he net hod descri bed by the manufacturer. The commercially available kit
was used as the standard technique against dot-blot EIA Dengue antigen
coated pol yst yTHgitagperemddcacidb@t Sxathpledd were used for the test. Test
sera were diluted in 1:100 with the serumdiluent provided, 100pl/well of
the positive, negative; cut-off and patients' sera were added to the pl at e
cont ai ni ng ant(u) hurgsmpaiaontdfimdidsgsC Wi Il be attached if they are present
in the patient's sera. The plate was then incubated for 30 mnutes at 37C
T sa50e Selref Serem sampieswnerecekagninedrirsdengueligBtindivet ELIBAf er

Fol | ow ng i ncu
tleef,%m%s[%%quh per oxi dase (HRP) conjugated

provided and 1QQpeti
anti - human 1gG was added ese conpl exes were then captured by dengue °
the pl ate

specific 1gG during incubation of 30 m nutes at 37C. Once again,

was washed si OB ound conpl exes. e v Ilsed
t hrough t he az?-é{etl onlt}(§\4t§ %n\ga%&?éﬁé n@?ﬂ%"?b‘gﬁrﬁ %%B‘%‘W °°‘16

m nutes, the-. meamlemenhmcbtmpmégbyvé mer@.ddmtin tifesef 5BOQ@RINGWE! torfMned:

hosph t th th d at_ 450
ioing an ELI SaRsnt elin, PROSHE Vot Hear avfiel rsacla vl DBcBnihSivam 1 ne

reader were ceeusftiviydoft DBEIARA: 1009t SAR ﬂwdi%tﬂlfmé‘rﬁnv\@@rhbﬁg coliecté@zplie sera
were positive ormul a bel ow. _PanBio Units = 10 x

Absor bance of t%%%ﬂ%ﬁi&é’éﬁ%%ﬁ@ﬁﬁé?@@%#g% 6L and £-Pithwereonggativedn B8-ow 9

wer e regar ded Ba& amglaénceeshmdue@o%e&p@@meit AnGhildquafsy SRAYE SH A val ues
above 11 as positive. (b) Competitive slide-enzyne | rmunoassay R
vkﬁaz\m I ed

Conpetitive sICPE!fé“W%TEW%@ayS%@V@ Ahatndhis cigr higélty signifisant (et
| | d 8 i th
hreo ol ums aoqop) Fe EaS 2R op LA maARDICA A anb oG, i o

for samples.
Table 1: Evaluation of Dot-Blot with Pan-bio dengue ELISA using 2 by 2

table
Dot Blot —-EIA
Positive Negative Total
Pan-bio Paositive 58 0 58
ELISA Negative 0 122 122 .
Total 58 122 180

 Sensitivity = 58/58 = 1x100=1 00%, Specificity = 122/122 = 1x100=100%

Table 2: Evaluation of Dot-blot EIA with Competitive EIA using 2 hy 2

Table
Dot-Blot EIA
Positive Negative Total
C-EIA Positive 58 0 58
Negative 0 122 122
Total 58 122 180

Sensitivity = 58/58 = 1x100=100%, Specificity = 122/122 = 1x100=100%
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antigen. Each well was coated with 4pl dengue virus antigen, air-dried and
then fixed in ice-cold 80% acetone for 15 mnutes. Followi ng fixation, the
slide was again air-dried and 20p! of bl ocking-buffer (PBS supplenented
with 0.1% (v/v] Tween-20 and 0.3% (v/v] flavivirus negative human serum
was added to each well and 5pl of test serumwas added in two wells as
duplicated sanpl e él:S). Finally 25pl1 of Mab (either fla\_/l Vi rus §peC|f|c
or dengue Vi r[)ge% &f the somprrisopedieartyrindicatad thatoe ﬁ)&;fm n“lgl'lztbtaeaa:twtl:bledona
culture was a Ed&t I .C i S..

conj ugat e congil rd%tﬁk,orr g]r S| ?g’gﬁc%cr?ﬁﬁ gfe“?%gé}o? aﬁ@%ﬁé |'tgo€\ﬁ@%q%g’ﬁﬁﬁlapt'%th no
test serum wasPSEA¥S, NaB-Edbris rable (@Ustect clepgué tantbody Positige from sena: atothésur .

i ncl uded wel | g% j . il Ve or a .negatiye serumto . en

that st mar ITars AGIERS TenBOtRT ol iuils. ST 25 ! FodB B MeBatEE ng 45
m nut es of i nowiigtEldSAsanBCeEiA dre ghllate detast e 80 emdt hae dilutidrmRSpudtivalya

' [ -9 B Opl goat. anti-nouse serum conjugated
W th e (1 368 T B Bl tetR e Teiks BRE B A r AR B BB s
added to each swpport.adthis mwawsem.h af tie Bla-mnu@ma éﬁt%%é l@; d-Elhal%t ﬁw ﬁg}s\gﬁn

' et ' ' sol ution an we
Sg?l);]i \é\glsgre? h%&ﬁgﬁﬁééﬁgﬂ}@ﬁ%}én 0 indrertELIRAsANd WaBlfadded and” al | owed
to devel op color for 15 m nu]t Ies. f Fgrgg}er fje\éel opment OIof Tﬁgl ggt }Ngail st opped
it | / : su uric acid.

l(?énsit P ?e’gdglbt Q%%e@é%‘g?'g ar'%g%i"lsfﬂ ang @&B!aaﬁecameb@éﬂemretsﬁ vighially bad canof 492
nm.and conver tag bedpreRened st Ra®fd.i 1Fﬁ<|§ /Q% %}olé\}g{)lgre )hzyqllg%gg,?% %tf{imtgg’w ng

formula: PI = _100- (OP in the test wel ) 100" ues greater

t han 50% vvereql!'@g% infeet=hispard CrE. By experierargieckniciag dn sot regairedREl A 32

This was per ! eigdsafCatdi Bgel'dt dRiBORY) Bad be(HiasP BYIRL 4 i@l The
i 1 de % I"gGi eCt R

same set of serum sanpl es were exam ne ngue .
conpetitive Ef¥gnalthaughpiBepmigrotitre plate ELISA would be able to provide a more

useful quantitative assessment with the appropriate absorbance reading.

Example 3: A dipstick Assay for Dengue
For the dipstick assay, 3yl of cell lysate dengue antigen (1, 2, 3 & 4) was dotted
onto the labelled nitrocellulose membrane (Schleincher & Schuell BA-S 83,
0.45um, Keene, NH) in duplicates and dried at room temperature. The lysate
was prepared as in Example 1. The membrane was then cut into pieces (7mm
‘X 2cm) and placed in a disposable frough in such as way that the labelled side
was facing up. The membrane was blocked using blocking buffer for a period of
| 15 minutes. After incubation, the biocking buffer was aspirated off and the wells
were washed 3 times with washing buffer (1x PBS with 0.05% Tween 20)
allowing one minute in each wash with gentle agitation and then dried in air.
The non-dotted part of the membrane was then fixed onto the fransparent
plastic strip with double sided adhesive tape in'such a way that the labelled side
facing up was not touched with the dotted portion of the membrane. The
antigen dotted stick membranes were placed in tubes with 300p! serum sample
(1:100 in diluent buffer) and incubated at room temperature for 10 minutes.
Positive and negative serum controls as in Example 1 were kept separately for
each batch of assay. After incubation, sticks were washed four times with
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The sensitivity and specificity of DB -EIA were anal ysed using 58 confirned
conval escent and 122 negative sera. Al these 58 Dengue confirned

conval escent sera showed very clear positive reaction with . DB-ElIA thus
the sensitivity of DB-EIA was 100% All those 122 serum sanpl es col |l ected

and tested negadhinebifferdMBeNg drittiniRed idre@chiv-sfird daderBldhalel-8n A@8af | ve
in DB- EIA and herlg)ngg sh(gvved 100% s ecificit)(/;. A n?j-squarrel angl yS|sﬁvmth
2%

Yates contindfif Br3EhYBan JeGuaRRP ¢ (140000 Godes Nei g?ﬂ%MSiL@himiZ_ceﬁditic(r; =
. 70; 0. 00083.02 Tj ' | Lpd kol t i t,ive.an

ﬁggaz ive g ;r um 'sa‘r)r%’l Igglf%'g%lng%l@qggﬁﬂgﬁﬁﬁgg? E'E%{HSB%!%CE R]V?AB ﬁ%teéaa -%_fﬂ a

dengue ELI SA USPHdemppiatyre forntl mimbes Bhd stickBlwerpdisin washdelgmainof Sttiates

o r100=100% mebasiny PARGIORH lbed Wity o oep dniritgn, DALY Hinslre of

Dot - bl ot El A WolWiond (B Code nBHLB468, mkacwnﬂatiomg?zbgr{i?gt)-@?r@ltaégkfg ngtgo
it [ .t ] 8058 . tiyve ot a

Sensi t1vi Ly = 57 260 98 FABR UG IO T ipliEe L hS bisssncs of dubdasinigs

Resul ts of thmasdnﬂiaaﬁemwithdheaileb@do?mm@ﬂtg@ W@B(ﬂeleftnlcé;@ o@talegﬁgﬁred?rﬂég\{nsgﬁg ?he
[ I t. f t | on. ant .- dengue > anti bodi es. _

Chr co_ant i boay" SChgB0RE" A Hioks st enuseied Qimga e Aaioa WoSr | ve

fromsera at tdiied at room temperature and results were interpreted visually. The intensity of

the stain/color developed in the dot is roughly proportional to the amount of anti-
dengue IgG in the serum samples (Figure 3). The dipstick technique was
developed using the same test protocol as in Example 1 for the DB-EIA. It was
found to be as good as the DB-EIA and can be used for the handling of small
numbers of samples for the detection of anti-dengue IgG. Furthermore, the
dipstick technique can be more suitable at the field and patient bedside
screening.

In conclusion, both the dot biot EIA and dipstick are a useful method for
detecting 1gG antibodies to dengue and has showed the best performance
compared to indirect ELISA and C-EIA in detecting low levels of antibodies to
dengue virus as well as to distinguish between dengue virus antibodies positive
from the negative sera.

Example 4: Development of a Dot-blot for the detection of anti-dengue
IgA.

(@)  Preparation of dengue cell lysate

Dengue cell lysate was prepared using the same protocol described above in
Example 1. '

(b)  Dengue IgA positive and negative samples.

‘Sixty four serum samples from clinically positive dengue patient which
confirmed either by PCR or anti-dengue Ig assays were used in this assays
as dengue positive samples. Five pairs of dengue positive serum samples
(collected 1-5 days interval of first collection) were also used in this study in
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hi ghest dilution of 1:6400 wthin 30 mnutes carried out at room
tenperature while ELI SA and C-EIA are able to detect 1:180 and 1:80
dilution respectively and both the tests need 3 to 4 hours test tine al ong
wi th | aboratory equi pment support. This indicates that the DB-El A woul d be

able.to detect low l.evels of . antibodies tq den qQnpared to indirect

ELI SA and C Elo/&é.jer%ﬁBE[‘%laﬁeY@ﬁ% %'lét%&fﬁ‘ﬁﬁé’?éwg aﬂéﬁgé 1, 5he 33APige TWerdY pr et ed
visual Iy and &wa deagee npeatiyeewsea (which svere megative. toTigk! @t IgGeuging CadBie
requires only dafgie Rittvisre usélﬂlahlﬂ%nb@é’idﬁ@ﬁ%gaﬁ#ﬁgﬁﬁr@\l}glir?g@ BssfHn experi enced

technician is not required for this assay. antrbody can be
j udged by the(nt epgigm ;%towg color range although the mcrotitre plate

Cheaom oot arhedHId EAAS BoforRiLontSliloiBheR It alE (BBREREAR S, ™ ' 0

t he appropriate absorbance readi ng. I pSti ngue
For the di pstiSshuelsBAyS 83L4oimcKbend, \NHd) in adéSgralt foamiat. fom t{elassay, 3ui&f4) was

Ba s 83, 0. 2E8fuRBRLSRRLY. 28 & bl woS el STaodRe tapela pB e iore NGy ur .
The lysate wambrepairedupliicates fudifdnedded diheoRERMRPAUEEdchaibt SHithé Nt O

pi eces (7mm C and placed jn a disposable trough in such as way that
the | abel | ed ﬁcz %)9&2“‘%\???15%&9?0 piege (R8T A dEman pigere inte saeky well 8 ki ng

buffer for a ueniaNg piistic Patai(NUNEs USK ) ifsubh wWihahhtofe |ét¥éreobéi88!fécﬁw%9¢';f-ef
g

was aspirated off an&)@éﬂ& I1s were washed 3°tinmes with washing buffer
1x PBS with §n@4esT s were blacked aheoawm fRreerRivre dami Svaivtes usingent | e
itati d bloeRring U chitafing 5% 9@ bickd fad6 1824R
agi tati on andplo@ring ufRe chitaftig 5% SRk dRkiRI Gy . was.
then fixed onto thg trans arentg pol astic s'?ri p Wt ﬂ{‘é?)@b? egﬁ(%agd %@%a ve
tape in such A9QPuchefe. The Netberiards)si fBer insubafipn ghevdocking buffierheds wi t h.
the dotted pogkpiRfled®bfitdie FBEIRRere N iy iRy s
were pl aced i n_?ubes with 300pl sga(?rl?n‘?%?ﬁeglilhg%%:@%%?%“gé Pﬁﬁ%{ﬁgﬁé r) and
i ncubat ed at WiBB-88aJaveen 2 allewingoone miruéss in dawhiwashewitindemtiegagifatien ser um
controls as iQndaER| & r e 4K e t far each batch of assay.
After incubat !Qon, Sti cl?é %r%t'm%gg ?@ér ﬁ%{reag%gne? h Ogtﬁd membranes Was~ "
incubated at room temperature for 30-45 minutes with 100-200y! serum sample
diluted 1:50 in diluent buffer (5% skim milk with 0.1% Triton X100) in duplicates
in 48 well plates. A positive and negative serum controls were kept in the first
column of the plate. After incubation, strips were washed four-five times with
washing buffer described above. After a final wash 200yl of rabbit anti-human
IgA-HRP {1:1000) was added into' each well and incubated again at room
temperature for 30-45 minutes and strips were washed again for 5 times using
washing buffer as described above. After final wash, 75-100 pl of substrate
solution ((DAB, Code no-K3466, DakoCytomation, Denmark) added to each -
well. The presence of anti-dengue IgA was indicated with the development of
brownish dot within 3 minutes on the NC membrane. The strips were then
washed 2 times with deionized water, dried at room temperature and results
‘were interpreted visually. The intensity of the stain/color developed in the dot is
roughly proportional to the amount of anti-dengue IgA in the serum samples

(Figures 4 & 5).

For the titration of level of anti-dengue IgA, a range of dilutions of serum were
made starting from 1:50 to 1: 6400 and were performed in duplicates in 48 well
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washi ng buffer allowi ng one mnute for each washing. After a final wash
300pl  of rabbit anti-human 1gG HRP (1:1000, Code No. P0214, Lot 012,
Edition 11.03.02, DAKO, Denmark) was added into each tube and incubated
again at roomtenperature for 10 m nutes and sticks were then washed again

for 5 ti {8 FoHasS rasaAescl . i nak uash.
300p1 of subiryate ey lue Bt PlRaTeks RSl R TR <Al (ohT Blrigt®S
Dennmar k) wer e CQBEBHY depgue fefients buerananalydedwesing @ntiemogué dgA Rssayaibgs. The

presence of anrk} g&fs is indicated with the devel opment of two
wel | - defi ned ?HI%IICB?E 0 %F?Q(?\X%?é?h stain on NC menbrane. The sticks were

then washed 2 tinmes with deionised water, dried at roomtenperature and

devel oped | n Evarie 8 ollpaiBohor d8ield IGR darhgassab Mithoengits foMengue

19ing the samm.t 6ob b Stonpl s harala T or L he oE BIA Tt was. found
r otoc . - :

'ltjsoI Bg ;segzgg?%)tsefhgg'%ﬁ&(épﬁnﬁﬁgl%glﬁﬁﬁﬁs for the handling of snall

i pSti ok teohn oot pAREAS) e RpiaNiand BRolbesdles BUMMSiTe, o

sl:P:Zeln?ng. | n"@gwgqqygpbdh e, the, dechwiqus| ipvolresathencamtining pt K@erfmna Itt?m;af ul

nmet hod for d ' |G 186t A ' _ e

per f or mance g%%aP gggtagﬁilglgli érgfglg H%ﬁlcg%tegﬁﬂp@%ﬁglgga%@ﬁc fn%lg% V(‘)’v&% evel s

of anti bodi es % igllowethbyatiechrmentaf knewh desgue vidisaitiygni She laaggmreDaéntﬂ?ugue t

of 5 Dot - bl ot 7P e e Uetocld OBy b SoddiI oL NF Bty oG win SRS or

dengue cel | | psdifipaleingicatebiie topstivre byetke mddition axd substrge tisicls areiugeat ocol

amp o5 it yoPaG e Suck sralitaca i UBpAE LRASH B od Tl RO e e

whi ch ELISA reader (Technical summary, Focus Technologies).

(b)  Pan-Bio dengue IgM Capture ELISA
Pan-bio IgM capture ELISA was carried out using the instructions manual of the
“manufacturer (Dengue IgM capture ELISA, Cat No. E-DENO1M, PanBio). Anti-
human IgM coated on' the microplate test strips bases the principle of the test
~on the capturing of human IgM present in the test serum followed by the
addition of pre-treated dengue antigen with monoclonal tracer. The positive
reaction is indicated by the additon of indicator system
Tetramethylbenzidine/hydrogen peroxidase {TMB/HO) which produced blue
colour in the positive samples. After adding stopping buffer, the TMB become
yellow and then measured the optical density by ELISA reader.

The sensitivity and specificity of anti-dengue IgA DB-EIA were analysed using

64 confirmed IgM positive and 24 negative sera. Of 64 Dengue confirmed IgM
sera, 62 serum samples showed very clear positive reaction with DB-EIA thus
the sensitivity of DB-EIA was 96.87%. All those 22 serum samples collected

and tested negative to dengue IgM capture FLISAs (Pan Bio and Focus
- Technologies) were negative in DB-EIA and hence showed 100% specificity
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confirmed either by PCR or anti-dengue |IgM assays were used in this assays
as dengue positive sanples. Five pairs of dengue positive serum sanples
(collected 1-5 days interval of first collection) were also used in this
study in 35 order to find the alleviation of the titres of IgA and 1gGin
the sanples. TN 8: EViRafl6n BID IRt With S&igud i gM
and | gG using Pan-Bio dengue kit) were useg} Igmd tW% FL%@S&%‘%?&
sanples in thi ta&%ay. (c) DB-EIA prot ocol : The dot - bI ot EIA was perforned
onto nitrocellul ose nenbrane (gzahl BA-S 83, 0.45p, m

Keene, NH) in a. 48 wel| format Ifréﬂat%%géé?éoatv%gg ﬁ‘A dengue cel | Iysate
(1, 2, 3 &4) was dotted. onto the | &bsitiezl nit ridésjative ose [ NEal nenbrane in

duplicates angth oom-t-epperature—Each—det—enhe—NC

menbr anes vvag&(}:lut ta %*epif’*:é‘@gé“" nm X %ﬁ) and pljgced into ea%‘% wel | of | 48
wel I's pl ast|£L|b$&te (NUNQeddBid¢ 1 n $0ch way thdtzothe Tabel ggh side facing up
and then the NC dots werje—hi ccked at—roomtenperature for 15 mnutes Using
bl ocki ng bufiffer containijn MB’@A) ski m pPZk (I\/Erck 2éermany) an®b 0. 1% Tri ton X
100 (Duchefa, The NetherlTands). After incubation, the btocking buffer— was

aspirated off and the wells were washed 4 times with washing buffer (1x PBS

with 0.05% TwesHSBIgY=830084 9e8h¥nut es in each wash with gentle

agitation anggebfibityesei1bep2aniggdengue- 1 gA. The antigen dotted nenbranes
was i ncubated at roomterrperature(,gf or 30-45 mnutes with 100-2001 serum

sanple diluted 1:50 in diluent buffer (5% skimmlk with 0.1% Triton X100)
I n- dupli cat es( I n tes. A positive and negative serumcontrols
were kept in t e fﬁ%sl'ﬁ“\ %&a of the plate. After incubation, strips were
washed f our - f Fee dipstigls assayh 3pmwémeme1mpsat@|¢scz i pedt)akey Gotterf bato Wef i nal
wash 2001 of 'iaj}%geH]n nti - human A- H:}Ig@&l 1000) was added into each well

and i ncubat ed foCrYsmse t”é‘?fB ARe feifichep 84§°||?Pﬁ“1t33% afid, 8t461ps wer e
hed
washed agai n_ieend, NHYREdUSlica:s d#ﬁﬁ&ﬁé&gatb%H?E [r)]?eétgg&rf ﬂlﬁ%ﬁ:@%ﬁe wakt er

final wash, 75-100 | of substrate solution de no-
DakoCyt onat i oﬁieqﬁﬁﬁ@pmle%dgmmﬁ emeand placed in dlsposable trough in such way

that the labeled side facing up and then block the membrane using blocking
buffer for a period of 15 minutes. After incubation, the blocking  buffer was
aspirated off and the wells were washed 3 times with washing buffer (1x PBS
- with 0.05% Tween 20} allowing one minutes in each wash with gentle agitation
and then dried in air. The non-dotted part of the membrane was then fixed onto
the transparent plastic strip with double sided adhesive tap in such way that the
labeled side facing up and not touched dotted portion of the membrane. The
antigen dotted stick membranes were put in tubes with 300p! serum sample
(1:50'in diluent buffer) and incubated at room temperature for 20-30 minutes. A
positive and negative serum controls were kept separately for each batch of
-assay. After incubation, sticks were washed four times with washing buffer
al!owing 3 minutes for each washing. After a final wash 300yl of rabbit anti-
human IgA-HRP (1:1000) was added into each tube and incubated again at
room temperature for 30-45 minutes and sticks were then washed again for 5
times using washing buffer as described above. After final wash, 200 pl of
substrate solution ((DAB, Code no-K3466, DakoCytomation, Denmark) were
added into each tube and allowed to react for 3 minutes. The presence of anti-'
dengue IgA was indicated with the development of well-defined circle of
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wel | . The presence of anti-dengue IgA was indicated with the devel opnent of
browni sh dot within 3 m nutes on the NC nenbrane. The strips were then
washed 2 tines with deionized water, dried at roomtenperature and results
were interpreted visually. The intensity of the stain/col or devel oped in
the dot is raigRhigh RS Sht NENAbmbRA Ly QA LWt he
serum sanples  (Figures 4 & 5). rIyor ﬁglﬁn%{k&g%i\%%egﬁé’? g&%ﬁ@%? t!"i'ﬁ% Y@Engue

| gA, a range SFCIUFEG: WataY, siriedeptiFoowsr tempardtira tand iresplfsr werel iS@rdreted: 6400
and were perf Qi1 ThaURld i el 3 format . Ten pajrs (1-5

ﬁ! ngﬁ)égo?f {rHc%m%%]'%Jﬁor evglogéﬁf in H:éed dg&dau@%gh

days interval) of 'serum sanp inrcalty ients
wer e anal ysed PfigRafienahia theampunt phantkdsague Ipp in srey salimdidmpleéo(FgwEiTgur e 6) .
Exanpl e 5: Conpari son of dengue |gA dot-blot assay with dengue igM assays
usi ng Focus Technol ogi es and Pan-bio test kits (a) Focus Technol ogi es | gM
assays The test was conducted by the hospital using the procedures

descri bed by the manufacturer. In short, the technique involves the
capturing of IgMfromtest serumusing anti-IgM antibodies coated on the
wells of a mcrotitre plate which is followed by attachnent of known
dengue virus antigen. The antigen-antibody conplex was detected by a
second. set of antibody conjugated with enzynes and finally indicated the
reaction by the addition of substrate which produced colour. The col our
was stabilized by stopping buffer and the results read by an ELI SA reader
(Techni cal summary, Focus Technol ogi es). (b) Pan-Bi o dengue | gM Capture
ELI SA Pan-bi o. 1 gM capture ELI SA was carried out using the instructions
manual of the manufacturer (Dengue |IgM capture ELISA, Cat No. E- DENOL M
PanBi 0). Anti- human 1 gM coated on the mcroplate test strips bases the
principle of the test on the capturing of human IgM present in the test
serum followed by the addition of pre-treated dengue antigen with

nonocl onal tracer. The positive
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reaction is indicated by the addition of indicator system Tetra

nmet hyl benzid i ne/ hyd rgge n peroxi dase (TMBIHO  which produced bl ue
colour in the positive sanples. After adding stopping buffer, the TMB
become yellow and then neasured the optical density by ELISA reader. The
sensitivity and specificity of anti-dengue |IgA DB-ElIA were anal ysed using
64 confirmed IgMpositive and 24 negative sera. O 64 Dengue confirmed IgM
.sera, 62 serum sanpl es showed very &ERERENGES| ve reaction with DB-El A

thus the sensit mii(DYDéEgE}@Ta%HAd egﬁae%%rﬁyié f%ﬁfﬁﬁgﬁg{ F’gaﬁ Bi WS

Yand
collected and tested negative to-dengue cap an
Focus = Technol og?@@d. rdsed Apdl2G02e in DB- EI A and hence showed 100%

specificity 3% T, : Eﬂ&j ation of Dot-Blot with dengue | gM capture
EEI SA using 2 2byggéﬁ}§bql'e r??i -dengue I gA Dot Blot -EIA

Posi ti veNegat ideflewtdn lefM/Caft uwd@bs)b‘tthaeﬁ@vﬂsﬁﬁo sdibh SANGGRY : ije\zle&zx,%zloglfiéhz an L00%
(0) "Di pati ok nos AU o BE L of -8 vouhedlibWinsbeiicids selaans 2,
& 4) was dotted mﬁengdaeepib’ah&:beﬁnm Tfm%dl Hil Q_Sﬁ(apm_gag?{ig(gggggtei ngrenr &

- N i cates an
tS gngglr lat llinrqe.S %eplﬁgrf%?aznn@%ggg? fejﬁ’éQ‘P, I_‘%l’!'lf"pﬁ iﬁ?ﬁ%ﬁﬁﬁ’ odeedinghepaview Ofaﬁeﬁq(fl ?(r:]ed
[ [ apyotii AMSLT - zde facing up an en
ook e e o top Hy?ﬁ?f(%?‘i’;%?@?hgﬁrg{%gd of 15 minutes. After

. Usi | gckin for 2ri 0
noubati on, 1 Re 8Pbekidg DU diorie. SereBpIFRmAIbGD! in dSkaees el 60t
washed 3 tines v:8b7(eash):e88-bulibesodix PBS with 0.05% Tween 20) all ow ng

' in, each wash with gentle agitation
one mnutes | 3. utham et al., Thegeffect of g?ultiple host contacts on the infectivity of

dengue-2 virus-infected Aedes aegypti, J Parasitol 81(2):170-4, Apr 1995

7. Gubler et al., Variation among geographic sirains of Aedes albopictus in
susceplibility to infection with dengue viruses, Am J trop Med Hyg
25(2):318-25, Mar 1976;

8. Sharp et al, Ilfiness in Journalists and Relief 'Workers Involved in
International Humanitarian Assistance Efforts in Somalia, 1992-93, J Travel
Med. June 1;2(2):70-76, 1995

9. Sharp et al., Dengue fever in U.S. troops during Operation’ Restore Hope,
Somalia, 1992-1993., AM J Trop Med Hyg. 53(1):89-94, Jul 1995.

10.Gubler DJ., Dengue and dengue hemorrhagic fever, Clin. Microbial Rev.
11(3):480:96 Jul. 1998

11.Rigau-Perez JG, et al., Dengue and dengue hemorrhagic fever, Lancet
19;352(9132):971-7, Sept 1998

12. Pierce Immunotechnology Catalog and Handbook, 1991, at A12-A13

13.Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring -Harbor
Laboratory, 1988
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and then dried in air. The non-dotted part of the nenbrane was then fixed
onto the transparent plastic strip with double sided adhesive tap in such
way that the |abeled side facing up and not touched dotted portion of the
menbrane. The antigen dotted stick menbranes were put in tubes with 300p
serum sanpl e HAkIG® o ol uyeBrsbu 128 Vadist bAGHRRHAEafins AR HERSIGAL | ©
for 20-30 mnutes, A positive and negative serumcontrols were

separatel y fofMa¥abf Bade without deparing dranarthi repiitacf the, p%enkmvamcm aashed
four times w phyineshepan buffer allowing 3 mnutes for each washing. After
a final wash 300 it of rabbit anti- human 1 gA-HRP (1: 1000) was added into
each tube and incubated again at roomtenperature for 30-45 m nutes and
sticks were then washed again for 5 tinmes using washing buffer as

descri bed above. After final wash, 200 pl of substrate solution ((DAB,
Code no-K3466, DakoCytomation, Denmark) were added into each tube and
allowed to react for 3 - mnutes. The presence of anti- dengue |IgA was

i ndicated with the devel opnment of well-defined circle of 38 brownish stain
on NC nenbrane. The sticks were then washed 2 tines with deionized water,
dried at roomtenperature and results were interpreted visually. The
intensity of the stain/color developed in the dot is roughly proportional
to the anount of anti-dengue IgA in the serum sanples (Figure 7). 39
REFERENCES * 1. WHO, Dengue and dengue haernorrhagic fever, Fact sheet No
117, May 2002, revised April 2002 2. Goren et al. 2000 3. Newton et alL, A
nodel of the transm ssion of dengue fever with an evaluation of the inpact
of ultra-low volume (ULV) insecticide applications on dengue epi dem cs.
Am J Trop Med Hyg. 47(6):709-20, Dec 1992 4. Platt et a/, Inpact of dengue
virus infection on feeding behaviour of Aedes aegypti, AmJ Trop Med
Hyg. 57(2):119-25 Aug 1997
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spirit of the ﬁ?@sent invention as outlined herein. 41 CLAI M5

2. A method according to claim 1 wherein the mixture of immunogenic
components includes dengue virus structural and non-structural proteins,
dengue virus particles and fragments thereof, glycoproteins, lipids and
carbohydrates derived from the dengue virus.

3. A method according to claim 2 wherein structural proteins are selected

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

4. A method according to claim 2 or 3 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.

5. A method according to claim 4 wherein the non-structural protein is NS-

6. A method according to claim 2 wherein the component is an anti-idiotypic
antibody to an antigen binding site of a dengue antibody generated in response
to exposure to a component derived from dengue virus or equivalents thereof.
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1. A nethod for detecting exposure of a subject to a dengue virus or an
equi val ent thereof, said nethod conprising: contacting a biological sanple
fromthe subject with a m xture of i mmunogeni c conponents derived froma
| ysate of cells infected with dengue virus; and determ ning the presence

of a conplex that fomEhEEIAMRERIIRY tcblemid BHe P&T Iziamﬁs '1nt6 *'Beﬂmr@roiﬁblﬁéi'n Sa”p' e
and an i mmuno n| c.conmponent of the |ysate. 2. accordi ng tg claim

1 wherein t he YASEPURIRO &re P%ﬁﬂ%@hﬁ&om&ﬂ@ﬁ@§ewﬁ,qm@@mdmgqmemangs
structural andnyiedfDEN *I”@'S&V@ﬁﬁr'nﬂﬁ G‘d;%ﬁw&{?hﬁﬁmg%“ cl es and
an 0

fragments thereof, glycoproteins, I|p| car rates derived from
the dengue virus. 3. A nethod accordl ng to claim2 V\/nerel n structural

proteins are ggl ecteg, tFn'SéP r Qu Y tein
menbr ane proteins, ande nuc é%@g%s@dgr} 'Léllbgsdkgmgrll ?ﬁe Wé@ tgl?cf?er?gufao
claim2 or 3 Wifesd§ any pee obdesguavirus serofypes daudirg DEN-EdDEN-2L DEN-8 ogr oup
i ncl udi ng NS- 2a, NS-2b, NS-3, NS-4a, NS-4b and NS-5. 5. A nethod
Jq ENNZ-
c

according to alm 4 wherein the non-structural proteinis NS | . 6. A
met hod according to claim2 wherein the corrponent is an anti-idiotypic

ti body t t t f ti bod t ed
Fesponss o kpost BRI Rrefne B8 Hapm ol B gER beghnaing
equi val ent s - t lparteerfis afZarifibody aeampamansiogidhiftaghiendthergste of claims 1 to 6

further including determ ning the presence of a conplex fornmed between a
bi nding partner and any one of DEN 1, 2, 3 or 4 inmunogens or equival ent

thereof. 8. A10et hadne®eendtddiriglo %Wm(ywn&%mhélbmﬂg ;szﬂtnérw §t'|t[bothN )

dengue wvirus is ang/ one of dengue, virus serotypes including DEN-1
d in an early stage of dengue virus infection or convalescence

DEN- 3 or express
11. A method according to claim 10 wherein thé antibedy is an IgG, IgM
and/or an IgA antibody.

12. A method according to any one of claims 9 to 11 wherein the immune

fragment of the antibody is any one of a Fab fragment, F(ab’), fragment or an
Fv fragment.

13. A method according to any one of claims 1 to 12 wherein the biclogical
sample is selected from the group including blood, saliva, cord fluid, B cells, T
cells, plasma, serum, urine and amniotic fluid.

14. A method according to claim 13 wherein the biological sample is serum
and or saliva.

15. A dengue virus infected cell lysate composition when used for the
detection of exposure of an animal or human to -a dengue virus or
immunological relative thereof, said lysate obtained by lysing a cell infected with
the dengue virus.
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DEN-4. 9. A nethod according to any one of clains 1 to 8 wherein the

bi nding partner is an anti body or an i mmunol ogi cal fragnent thereof. 10. A
nmet hod according to claim9 wherein the binding partner is an anti body
expressed in an early stage of dengue virus infection or convalescence 11.

A met hod accorg ng At @s&b@iompbglt%%d%bl’ﬂhﬁdﬁ A5 E’Q%e?é:ln% d{aﬁ’@e vil@M 5 to 11

and/ or an I gA ant i body according to any

wherein the i mflfcted ¥ ?‘adh%ﬂfoqﬁmﬂﬁémﬂrthﬁlﬁl@ﬂgue Sﬂ‘l@r@eroﬂyee@fncwdﬁm)ENagnent
F(ab')2 fragmgstng: prN-3 GYpER@@Ment . 13. A nethod according to any one of
clains 1 to 12 wherein the biol ogi cal sanple is selected fromthe group
i ncl udi ng bl ood, saliva, cord fluid, B cell s cells, plasm, serum

urine and amiqgti cafjldtitd to%%osfbrqglt&q'ﬁmggg 2 qg\oagﬁ;qlgg%ﬁsﬁsamm%@gqéhgel |

bi ol ogi cal sarrpf e I'sTserum Pana or ¢h
| ysat e conposiimhumogerio cospdnénts indleding eleagtié Qinusofstnwtmlsan@ n@ﬁ-s&ﬂct@f‘dzlrfm or

h to a d | her eof d |ysat
obt i ned by | 0 e SRR i SRR o Elinstel. obfertotens” iide Sad ysat o

conposi ti on acedwtiydigtdsodarivad fothbthettingue vilie dengue virus is sel ected
fromthe group including the dengue virus serotypes including DEN-1,
DEN-2, DEN-3 or DEN-4. 17. A lysate conposition according to claim15 or 16

conpri si ng a nsxt uAdysite acﬁmn@ﬁmblﬁlﬁqm&@@ﬁssti&ﬁlré!dﬂ)rﬂfbn@seaﬂa“&%%té&s
structural an? no struct uralé.fj prot ei ns, dengue Virus gartlc es an

fragnents the rQB? hg| 9OHRr ek, envelpes Hﬁ@'“%a‘?'bdﬁ%m ENes pudeins.e@neir om
t he dengue Vi rnu§|ea,83p9m bm@,ﬁ@ accordi ng to claim1l7 wherein structural
proteins are selected fromthe group including envel ope proteins, Pr
menbr ane proteins, and

19.  Alysate according to claim 17 or 18 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.

20.  Alysate according to c¢faim 19 wherein the non-structural protein is NS-1.

21.  Akit for detecting a dengue virus exposure comprising;

a} a solid support including an immunogenic component derived from
a lysate of a cell infected with dengue virus or equivalent thereof:
or

b) a solid support including an immunogenic component derived
from a lysate of a celi infected with dengue virus or equivalent

-thereof attached to a second support;

¢) an incubation container;

d) blocking buffer;

e). washing buffer;

f) at least one detection agent conjugated to a label for detecting a
complex that forms in a biological sample; and optionally

g) instructions for using said kit.
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nucl eocapsid proteins. 19. A lysate according to claim17 or 18 wherein the
non-structural proteinis selected froma group including NS-1, NS-2a,
NS-2b, NS-3, NS-4a, NS-4b and NS-5. 20. A lysate according to claim19
wherein the non-structural protein is NS-1. 21. A kit for detecting a
dengue Virus @pOSThE kk ABRSHIMGNG clath 23, SRLIANSUBRPSpIChiS] 898 alone

i munogeni ¢ conponent derived from a [ysate of a ceq I nffected w dengue
virus or equi PallesRMBpiRataruwith (Br b) a solid support including an _

I mmunogeni ¢ conponent derived froma lysate of a cell infected with
dengue virus or equivalent thereof attached to a second support; c) an

i ncubati on co3ai néhe kit@ccodingdornipitnu? t er 22,eyhemabtsaid)incubbtion cdrtaiagr lseast
one detection Rbbitifo ]jauigat ed to a label for detecting a conplex that
forms in a bi (?Ia'ggl ca‘f Earrﬁl e; and optionally g) instructions for using said
kit. 44 22. The kit according to claim21, where the solid support in (a)

i's used al one ,, 0r i ination with (b)y. 23. Th I.t accqrdinpg to claim
21 or 22, wherdin Iﬁ?g‘ﬂ{%ﬁ@éﬂq g)na%yoﬂfl ioﬁe?la\"és Eﬁ%‘%@t _?’“g'PTQ’?éalﬁjl 'éb%{. 1524,
The kit accor delegtedoframy aogeupf incluair@!sﬂﬁdroblﬂ'o%, \r/]w%hﬂjmoée%i, derizghR! drs

sel ected from a.group inclyding fluorochrone, a chronmpgen, enzyme, or

radi oactive nﬁ?@@%ﬁ%&gnﬁg‘?c“#e kit according to any one of clainms 21 to 24
wherein said solid support is a nitrocellul ose nmenbrane. 26. The kit

i |_ai 21 to 25 where the solid support is a dot-Dbl ot
according to C25ffjII mI:‘he ]kit according to any one of claimsp81 fo 24 wherein said solid

support is a nitrocellulose membrane.

26.  The kit according to claims 21 to 25 where the solid support is a dot-blot
membrane or a dipstick.

27. A dot-blot membrane for use in the detection of dengue virus exposure,
said membrane comprising dengue vitus structural and non-structural proteins,
dengue virus particles and fragments thereof, glycoproteins, lipids and
carbohydrates derived from the dengue virus.

28.- A dipstick for use in the detection of dengue virus exposure, said dipstick
membrane comprising dengue virus structural and non-structural proteins,
dengue virus particles and fragments thereof, glycoproteins, lipids and
carbohydrates derived from the dengue virus.

29. A method for assessing the relative risk of one or more subjects being -
exposed to a dengue virus or immunological relative thereof within a defined
location, comprising
a) obtaining biological sample from a representative population
within the defined location ; and
b) assessing the evidence of exposure of individual members of a
sample population to dengue virus or its immunological relative
thereof by the steps of; '
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menbrane or a dipstick. 27. A dot-blot menbrane for use in the detection of
dengue virus exposure, said nenbrane conprising dengue virus structural
and non-structural proteins, dengue virus particles and fragnents thereof,
gl ycoproteins, lipids and carbohydrates derived fromthe dengue virus. 28.
A dipstick for use in tlhecdataeting 08 BiolodRIAg Usarhie UsrofX RAS UsBojedt@iwithdiaPst i ck
menbr ane conprising dengue virus structural and non-structural proteins,
dengue virus particles an§PFPRgRehtervedeireyr thegdgnasis: vitusi as immupelagicahnd
carbohydrates derived fromibfie: SRI6YEH & Uime 23 urlidFEldiRftiohe" suifi&RSIoNg the

relative risk of one or re_sg\%ﬁects bei ng exposed to a dengue virus or
i mrunol ogi cal rel ative thé&diatehedpiationeel asemplexcbetween thepmiponent a)

obt ai ni ng bi ol ogi cal sanphgqdf hogyKe&CBERRRN i E%Qm i Lt hip the
defined location ; and b) ass_esstijtﬂ_e the evi mdggge e>%|k)gts,~:fuﬁ‘[e23 8&“&’?'&?’% dual
members of a sanpl e popukafiaiedivithiethguldologicalssanmplés; andnmunol ogi cal
relative thereof by th RS I acti bi ol ogi cal .sappl e
fromthe subject with aﬁ ?%npoh@inq tg‘%r ip\yee%?‘fqrgo%?tﬁ% ggﬂ'ﬁ)ﬁ?’v?ﬂﬁﬁ?'%r €

i mmunol ogi cal rel ative thessote bbcomplexieindicativelof exposdid ofths sabjeti i ent

to facilitate the formatiQ - l.ex between the c onent, ~and a
subj ect derived binding pzlaalr r@frllef)\f'ﬁjg@ 'Mﬁﬁgﬁ al r%'ﬁﬁ‘feaﬁ{%‘ao Vvidhthgrebye
bi ol ogi cal sanples; and | bssesingrthe nisk of X sprewitiia ehofiofidtd I66dheX,
wherein the ~presence of conplex is indicative of exposure of the subject

to a dengue virus or imunol ogical relative thereof and thereby assessing
the risk of exposure within the defined | ocation; 46
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