; BCe3e6j 3<.j v6T] & TI TLE Detection and ldentification of Dengue and
hgr Fl avi viruses Using NS3 Pri,mwmmmmw”m‘mventi on concerns the detection
nd/i dentification of dengue vir er related flaviviruses by the
lfjymer ase chain reaction (PCR) usi Rgyw@«Si ngl e pair -of consensus NS3
rimers and four type-specific NS3 prinmers. Dengue viruses gﬂqqhkggobgur
serologic types (types 1, 2, 3, and 4) and belong to the fanily
Fl avi vi ri dae whose ot her rel ated nenbers include Japanese encephalitis,
Kunjin, Miurray Valley encephalitis, St., Louis encephalitis) tick-borne
encephalitis, west Nile, yellow fever, and hepatitis C viruses. The dengue
virus consists of a single positive-stranded RNA genone of approximtely 11
ki | obases encodi ng the i rane and envel ope proteins, as well as
non-struct ural proteiﬂmﬂﬂm@m@&mmgﬁ?hree maj or proteins known as NS1) NS3
and NSS whose functio t fully elucidated. The NS3 gene is one
of the nobst conserved gen&gsighong t he four dengue virus serotypes, and
i ndeed T&34E anong ot her nmenbers of the flavivirus famly. A putative serine
prot ease dommi n spaBeteatipnt andi hdentéfieatipnt pé ReBEBeotein. Lying
C-terminal to the protease is a nucleotide triphosphatase/ RNA helicase
domai n consi sting ROEF L AN XABUBRE SUSLRBCNEA Primess||.v| thought to

be the nucleqtide tripho hété Bindi s'teé. Theée {wp dongLns are
i nvol ved i n PHot SdWieRy 10T (IPDGATS e 1P Wit Hdend 1 1iCE QN event
in vi raIf expr essi_an and rg@ i cehtel ONera 2 ﬁ;a Jiuvnle u2(230,3 b2 Ii rt hernore,
monocl SHal® GHY D odiee 55t Sdlfe &4 "dai'ifst tl\eéé protel s ifave beef shown to
conf er i of,ect | ind r Yy, Ja i nst.. | et-hal_chal |l enge with
cont e GRL{hGs AL AR H I ARS8 Poptste Latfialochal
neut r al d zatd A, S NIANRAL Ltd Rt ANy | VPl £ &SI AN igRlabl | shed and
wi dely enpl oyed for the diagnosis and typing of dengue viruses. However,
these tests il aiivdy ddaBCNs iU Serb ropisd darpddl Y dypes sensitive
t han newer nol ecul ar bi ol ogi ¢ met hods such as nucleic acid hybridization
and PCRy, Syid he) i ndd o Qastuc | ot digke R ey SF iTdn Bv i nvddd ivdib sen\Gt3ages a
process for detecting and

related members include Japanese encephalitis, Kunjin, Murray

=1S139o

Valley encephalitis, St. Louis encephalitis, tick-borne
encephalitis, West Nile, yellow fever, and hepatitis C viruses.
The dengue virus consists of a single positive-stranded RNA
genome of approximately 11 kilobases-encoding the capsid,
membrane and envelope proteins, as well as non-structural
proteins including three major proteins known as NS1, NS3 and
NSS whose functions are not yel fully elucidated. The NS3 gene
is one of the most conserved genes among the four dengue virus
serotvpes, and indeed even among other members of the
flavivirus family. A putative serine protease domain spans the
N-terminal region of the NS3 protein. Lying C-terminal to the
protease is a nucleotide triphosphatase/RNA helicase domain
consisting of 7 conserved segments numbered I, la. T1I-VI
thought (o be the nucleotide triphosphate binding sites. These
two domains are iﬁholved in processing of the viral polyprotein

which is a critical event in viral expression and replication.



identifying al) four dengue virus types, as well as other related
Clavi'viruses. Two 17-base ol igonucl eoti de consensus prinmers) DVCU
(upstream) and DVCD (downstream as shown in the table bel ow, were designed
based on highly conserved nmotifs within the NS3 gene of dengue virus types.
DVCU was designed on the basis of the conserved Qy-Thr- Serziiﬁ eé-igo
sequence which lies in the serine protease domain. DVCD was Vet %ed
based on the Met-Asp-d u-Al a-Hi s-Phe notif corresponding to conserved
segnent 11 of the nucleotide triphosphatase/ RNA heficase domain. The

DVCU/ DVCD prinmer pair flanks a 470 base pair target region. In addition)
four unique type-specific priners for the 4 dengue virus types were
designed as defined in the table below, in order to type and sequence
dengue viruses. Wen used in 21 S June 2003 3 conjunction with DVCU
prinmer in PCR) these type- specific priners desi gnated DSPl, DSP2, DSP3 and
DSP4 ([peC|f|c for dengue types 3 and 4 respectlvely) |eId PCK

pr oduct Rfﬁeﬁm°é§no§PP€°§PPéé éﬁlﬂégdlgézpr2@8°§ﬁd4£?G"@és@ airs)
respectlvel se PCR products can be readily distingui shed by agarose

he
gel el SEHSING g&‘@ bg&n nﬁhc’ﬁ’@mté’alcﬂ? feFnPRddiiAdd PIIGLESTIA ed® des wit h
nost oflﬁpenlcontalnln eﬁat Qa qr, t he ral inasi ne base,
these néw privers 5§ % ﬁéﬁf 5%!92) “B&s3 Y 3&3‘&# & HIS 5o
natural |l y- oc%qu%thgqtlgh%slmghggq gqr§8@%$g r&RQrted PCR of dengue and

ot her flaviviruses using type-sp ech primers [“references 1, 2) 4, 6] and

consengiiy t¥d MBS ilonClaiae Wl%%%a%g 12lt 1anrt iloR01iNS quttﬁJndq Yt g\lg?be of t en
acconpani ed by sequence-specific probe hybridization. References 1 to 6 are

her ei nad4 @b d@fHeredndTahlde 1} Appneyied! ifehs the @RINIGs @ Q\S't[ﬂ%'gn%f G =
guanine; T = thymne; | - inosine. Degenerate bases: K=GT AG W=

AT, Y geddule viiatise sDVCHom@veans uhesRsitleday RirdTaie | & 1@?AGKFGACIB\MCT CC 3
DVCD consensus downstream -primer: 5 AARTG GCYTCRTCCAT 3' DSP1 dengue 1

t ype- spswifunci ny iamer .con's idETHDTYT | EEGCEAMGAGETECG Hin DERE danguecwl ar
type-specific priner: 5 CCGGTGTGCTCRGCYCTGAT 3" DSP3 dengue 3

t ype- speid lfda:itpnﬁertéwdSB'SUth@AiGﬁ\d@'ﬂ”EﬁmG@@'ﬁ@T(D‘mﬁ‘idjsm idengual 4CR.
type-specific priner: 5 CCTGGITGATGACAAAAGICTTG 3' 21 S~ June 2003 4
Noi ¢ Ref¥f bl &tQ bigv ust! efdniglfe RTifE TS (Hawai i), type 2 (New Guinea c'.),
type 3 (FB?) and ty e 4 (H241), yellow fever (17D vaccine), Japanese
encephal i ti sT{’Na a‘r’rﬂsf)"’“ar?d“’l(u*rﬁ‘ﬁ“ﬁ CVRTIEISS Vit detoahing &ty Al

t hese vi usesfafe fl vuylruses Viral cDNA synt hesi s aﬂd aH£|IfICatI0n are
per f or n¥ ! 3e’\/egrsae' tré’r’l‘srcrqeﬁ\%“&n 1idi%% PR hg*§ HE G mers. To

obtain spegific e%at es. for v}jl rect, sequcelnlcl n aCﬁCQ io({?o;jgﬁg%d%r Srggﬁictsed

from agarose gels ted and reanp Gtle puri

tenpl at gy | e Ml | G ﬁ&gﬂwﬁﬂ P BVES| (RS S e k) ik LV | {1 Shd OF DNA
sequenci ng. ‘
table below, were designed based on highly conserved motifs
within the NS3 gene of dengue virus types. DVCU was designed
on the basis of the conserved Gly-Thr-Ser-Gly-Ser-Pro sequence
which lies in the serinc protease domain. DVCD was
synthesized based on the Met-Asp-Glu~Ala-His-Phe motif
corresponding to conserved segment JI of the nucleotide
triphosphatase/RNA helicase domain. The DVCU/DVCD primer pair
flanks a 470 base pair target region.
In addition, four unique type-specific primers for the 4
dengue virus types were designed as defined in the table below,

-

in order to type and sequence dengue viruses. When used in



According to the present invention there is provided a process for
tdentifying viral infection conprising the use of DVCU and DVCD consensus
prinmers as defined herein by the table to detect the presence of deéngue or
ot her fiaviviruses by anplifying by a polynmerase chain reaction target

fragments from bi ol ugical or clinical sanples containing cDNthqulségs
synt hesi sed from RNAs of any of the four dengue viruses or 6thebns é ed

flaviviruses. According to another aspgct of the invention there is.

provi ded pairs of oligonucleotide primers conprising DSP1) DSP2, DSP3 and
DSP4 primers in conjunction with DVCU and DVCD primers,-the priners in
conjunction with DVCU and DVCD priners, the priners being as defined herein
by the table. According to a further aspect of 21 S' June 2003 5 the
invention there is provided the use of the said pairs of priners for
specifically determ ning the dengue virus type (that is, type 1. 2, 3 or 4)
in bi of Y eBELRN ith ANChampieer e RFR nhhede at ¥petspr¢art her aspect of
the invention there is provided a diagnostic kit for viral infection

conpr i BY Hge Ehed ese bt L VAP DvdS P HspiSP hoppd Bt Gege sbic pfPRers as
defined herein by the table a iequencin? g[i rs fgr t he DNA sequenci ng of
I avi VIFO8Y et TREY DR f rhghihid SFTReet PYEFE] cvani S \ESK [REPBHELT Phe

flavi .. PCR | f.J [ 3. |l~rr= [ ~f De

and o MeFERPELETs 1T AT ady b tncrSs b et BPPhabe PTar et 17 agmonts.
f ' 47, [ . tfled. DNA

S A Pt ¥ S A e R MR A R

encephgli hpsSrokdingd N &nde Vel pwor £ £yer Viruses using DVCD downstream priners
or random priners. In contrast, using cDNA tenplates derived fromoligo(dT)

primers, PCReyhgl del €2l1y-&yscrRéNi bbe bangentioleatidbhewyinumes:t st ed
except Japanese encephalitis and Kunjin viruses. PCR results are thus

achi cvenbhecoht &i i i ©Ud Sgersé NPt ¢ eba 80 coeDNAet enphateal Reagphef beagki,on of
exci sed 470 base pair bands produces sharp target fragnents which
subsequbastyngwepdimert HedVCU yi DaCDsepsrncebdnea. bDsp2] B8sPdynere008uc PCR
products generated fromrandom prined and ol i go(dT)

not naturallv-occurring entities.

Other workers have reported PCR of dengue and other

flaviviruses using type-specific primers [references 1, 2, 4,

6] and consensus primers [references 3, 5] for regions outside

of NS3, often accompanied by sequence-specific probe

hybridization. References 1 to 6 are hereinafter defined.

Table 1 Abbreviations

A = adenine; C = cytosine; G = guanine; T = thymine; I = 1nosine.

Degenerate bases: K = G/T; R = A/G; W = A/T; Y = C/T.

Table

DVCU consensus upstiream primer: 5’ GGRACKTCAGGWTCTCC 3°

DVCD consensus downstrcecam primer: 5’ AARTGIGCYTCRTCCAT 3’

DSP1 dengue 1 type-specific primer: 5’ AGTTTCTTTTCCTAAACACCTCG 3’

DSP2 dengue 2 type-specific primer: 5’ CCGGTGTGCTCRGCYCTGAT 3{

DSP3 dengue 3 type-specific primer: 5’ TTAGAGTYCTTAAGCGTCTCT 3’

DSP4 dengue 4 type:specific primer: 5’ CCTGGTTGATGACAAAAGTCTTG 3°



primed cDNAs as wel|l as thoSC obtained fromPCR of viral cDNAs spiked with
human genom c 1)~TA yiold target bands w thout significant non-specific
bands. YCR of hunman genomic DNA or of cDNA from non-infected C6/36 cells
produces no target nor background bands. Assays indicate high sensitivity
of at least 1, 0.1, 0.01 and 1 picogram equivalent to 105, 104, 103 and
105 copies of purified dengue types 1. 2) 3 and 4 viral RNAsZ1t é#18e2dQ3/el y,
det ect abl e by agarose gel el ectrophoresis of YCR products al one. The:
ability of our consensus prinmers to anp4ify this NS3 fragnment of dengue and
ot her flaviviruses denonstrates the highly conserved nature of the
consensus notifs of the enzymatic domains within NS3. Conputer search for
consensus primer honology with C aviruses such as Murray Vall ey
encephalitis and West Nile viruses indicates matching of high percentage
suggesting potential anplification. Using DVCU upstreamprinmer with the
type-specific DSPl, DSP2, DSf3 and DSP4 downstream priners,' PCR products of
169) 38¥ 1% and 426 base pairs arc gcnerated, ~from dengue virus types 1)
2, 3 and 4 respectively, but not~fromocher flaviviral t qplates. Sequence

: e

Andl ysis of R4$3 TN Weridud dfu O P8IV XRG ke el y Pelfddol &% r et ches

of Y42Q. nuc| eoqt,i des (encod] 21 St Jupe 7 140 am no aci esi dues)

within urfé“‘hdsg’ Yoargdte P’r a@l@ﬂt % dlcllevrf)gcljepz(%?{gw P Red etr (.CHIHJrI i in
M : o) and ye 11 owf ever. (.1 i .4l vaccincj_ Vifyus.strgj

i( dent :\/B'aﬁ]écvﬁ '{eh) t hjeypcao“rersces peo"nccﬁ p‘ralnaplu'bﬁ(ll % h{ebﬂal‘éae%]%gan’cb : 45"(}/1'{1‘1 ¢ QApl{lgG[lgé)m

ConCur rEAR ORI T8 ddte AUt NENT T Gld o AN SEOL O | P14V 1vi Bfsddie RNA-TCR

primer te~trniyuc cc~uhl~'d ~~~i t sequencing. 1" x.:nty-one nuc i eot

hd< <i vidall GNKESy X 1fe SRS UNE Sl WLEM S are performed by reverse

transcription followed by PCR using the primers. To obtain
specific templates for direct sequencing, PCR products are
excised from agarose gels, DNA eluted and reamplified. Each
purified PCR product template is directly sequenced in both
directicns using the primers for DNA sequencing.

According to the present invention there is provided a
process for identifying viral infection comprising the use of
DVCU and DVCD consensus primers as defined herein by the table
to detect the presence of dengue or other flaviviruses by
amplifying by a pol&merase chain reaction target fragments from
biological or clinical samples containing cDNA templates
synthesised from RNAs of any of the four dengue viruses or
other related flaviviruses.

According to another aspect of the invention there
is provided pairs of oligonucleotide primers comprising
DSP1, DSP2, DSP3 and DSP4 primers in conjunction with
DVCU and DVCD primers, the primers in conjunction witﬁ
DVCU and DVCD primers, the primers being as defined

herein by the table. According to a further aspect of



NS3 fr~rbments of the Ilaw zi i strain and the pub? fished Singapore
SZ75/90 Strain of dengue 1 virus. Differences at 16 nucl eotide poSitiorrs
aft: seen b~tweer: the t!241 strain and the published 3~4f ~G-~ str;iir; of
dengue: 4 virus. The hakayama strain and the: publis!i~d JaUarS9$Z strain
of Japanese encephalltls virus differ at 11 nucl eotide p05|> st §b§3
ingent anu t vsc:; try mul t iple. sequencing in both dce'Ufe 29935 o ¢
dnp 11 f i ed c,CNA tenp 1 ates der iyed f romrandom specific and
oligotdT) prinmers arc consistently con%atible. Practical rlppl ic~l fA7S
These new priner” arc: feasible for use in the RNA-YCR.t c4hni yue coupl ed
wi th DNA sequencing for the nol ecular di,ignobis, epidemology'.and vector
serveillance for infections with dengue and other fiaviviral strains. Somne
insight. into tli~ structure-funct~ion~.:cnalysis.of NS3 can al so be
gained,fromthe re5u : t i ng sequence ~iiata 8 l:c:tc rcnces 21 S June
2003 UeyPcCl nVenTidn “thdrdCiMptbv9888 {Re G@Hngﬁcthe1s§#3399ﬂr§| . Drouet
M1 . Ibasot S, Chcvrier D t19¢cJO) Identification c~l ~ dengue sey~e~i:ccs by
genom srafph{néf&atépn:,p&@pr degdi gn@gL e rAfi ndRPJURe VAEHEUECY OFYHCS i N
peri pheral biood_J Viroi Methods 10: 4t-54 2. El dadah 7. A. Ashcr DM Godec
MB, Pouppey(Khat Cosdfaype LG, 1), eBnetrong $Sh. blievoganali orG bbs Jr CJ.
Ga, jdusek UC ti9Si) Detection of flaviviruses by reverse-transcriptasc
pol vhntehsoichdi sampbastion. J ~ted |'irol 33: 260-2b7 3. Henclr~ri I.A_
Polo SL. VorndamV, 1'aensiri C, Innis Vii.. HoKe CH (i91) Sensitivity and
speci f ~ci t ~Aoford ingveesal spii hefuséheronsphetr api 4hdi dgnestdosf dengue
virus infections by polynerase chain reaction and nucl eic acid
hybri ditb&areohs Aﬁ?ﬂlq'ﬁépal\/ﬁdat!f‘y@tAG kjigfaygvaraliiphectien vodk i n Mi
Novak RJ . -Shope RI:, MlLau 992 /

comprising the use of DQCU bV%D DS 1i DSP2, DSP3 and
DSP4 primers as defined herein by the table as sequencing
primers for the DNA sequencing of flavivirus-derived DNA
fragments within the relevant NS3 region of the
flavivirus genome.
PCR Amplification of NS§S3 Fragments of Dengue and Other
Flaviviruses
Using DVCU and DVCD primers. target fragments of expected
size 470 base pairs can be successfully amplified on CDNA
templates synthesized from RNAs of each of the four dengue,
Japanese encephalitis, Kunjin and yellow fever viruses using
DVCD downstream primers or random primers. In contrast, using
cDNA templates derived from oligo(dT) primers, PCR yields
clearly discernible bands for all the viruses tested except
Japanese encephalitis and Kunjin viruses. PCR results are thus
achieveable within hours using reliable ¢cDNA templates.
Reamplification of excised 470 base pair bands produces sharp
target fragments which subsequently yield authentic viral

‘

sequcnce data.



Use of the pcriynt;rase chain reaction for the sensitive detection of St.
Loui s encephalitis viral RNA. J Virol Methods 36: 101-11U 5. Lancioiti RS,
Cal i sher CH, Gubier DJ, Chang &J, Vorndam AV (19h2) Rapid detection and
typi ng of dengue viruses Crosn clinical sanples by using reverse
transcriptase-pol yncrase chain reaction. J din Mcrobiol 30; S45-551 G
~Aorila K, Tanaka M Igarashi A (1991)~Rapid identification of ﬁéﬁdﬁﬁx%irus ’
serotypes by using pol yneTase chain reactkion. J din Mcrobiol 29:

2107- 2110 21 S June 2003 9 CLAIMS t. 1'ruc~~s for identifying viral

i nfection conprising the use ut 1) VCh and UVCD consensus priners as
defined. hcrein by the table to ~ictect the presence of dengue or other
flaviviruses by anplifying by a polynerase chain reaction target fragnments
from bi ol ogical or clinical sanples containing eDNA tenpl ates synt hesi sed
from>;, ~tAs of any of the. four dengue viruses or other related

flaviviruses.pck drddvct Hfgcld QA Gl & dal B 1Si nfe@ i &S I dotfadly ) DSP2,
DSP3 and i)SP~ priners in conjunction with U/CU and DV<:D priners, the

pri mers pgrinR@NjdDMAy &is Wid i WNCU ok QYA iffd dTenSom tHOR @fl RENS Datpgh &S
defined herein by the table. 3. Usc of the pairs of prinmers in accordance
W th < .dpivad Wiath dpacid | gaddoyi daiar ndijd I tdr dertgimi & iwinshdype (that i s,
type 1, 2, 3 or 4) in biological or clinical sanples. 4 . The use of DVC(J
and DVCsiprddnsemsunqr-smerisf ias whnds . nuR f tthenaraldendmi ddidctot hef
presence of dengue or other flaviviruses by anplifying by 1't'R target

f r agment@PN4 dmdsl glyi ot e ored |G Il csllm | mpdorasing rie TBHA nenpl at es
synt hesi zed from RN~As of any of the four dengue viruses or other rel ated
flavivi ridground dpandsy  june 2003

Assays indicate high sensitivity of at jeast 1, 0.1 , 0.01
and 1 picogram equivalent to 105, 104, 103 and 103 copies of
purified dengue types 1. 2, 3 and 4 viral RNAs, respectively,
dgtectable by agarose gel elcctrophoresis of PCR products
alone.

The ability of our consensus brimers to amplif{y this NS3
fragment of dcngue and other flaviviruses demonstrates the
highly conserved naturce of the consensus motifs of the
enzymatic domains within NS3. Computer search for consensus
primer homology with flaviruses such as Murray Vhlley
cencephalitis and West Nile viruses indicates matching of high
pefcentage suégesting potential amplification.

Using DVCU apstream primer with the type-specific DSP1,
DSP2, DSP3 and DSP4 downstream primers, 'PCR producfs of 169,
362, 265 and 426 base'pairs arc gecnerated from dengue virus
types 1, 2, 3 and 4 recspectively, but nof‘from other flaviviral
templates.

Sequence Analysis of NS3 of Dengue and Other Flaviviruses

P

Clearly readable stretches of 7420 nucleotides (encbdfﬁg



5. The use of DSP1, DSP2, DSP3 and DSP4 priners in conjunction wth DVCU
and DVCD primers as defined herein by the table for specifically

determ ning the dengue virus type (that is, either type 1, 2, 3 or 4) in
bi ol ogi cal or clinical sanples. 6. The use of DVCU DVCD) DSP1, DSP2, DSP3
and DSP4 priners as defined herein by the table as sequenci ng Fri mers for
t he DNA sequenci ng of flavivirus-derived DNA fragments withi !t #éener &9Q3 ant
NS3 region of the flavivirus genone. 7. % di agnostic kit for viral

i nfection conposed of one or nore of the foll owi ng DVCU) DVCD, DSPl1l, DSP2)
DSP3 and DSP4 primers as defined herein by the table as sequencing priners
for the ONA sequencing of flavivirus-derived DNA fragnents within the

rel evant NS3 region of the flavivirus genone. suasnTU~ st~T

. AUY. AR AL. AAR A. A9. A A AU, . A 1=>@\DOPZ

0l1<v{vql ga\ VU ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c”a] c”a]ievoa]aw]ney &l ] e@] cdwd £p] irah edat B@ NS3 targdt | Cagient of
xrl ga\-Vl ga\ VU] ca] cal] ca] cal] caV] ca

UV] ca] cadraalec & dajecoa]@ail}em]Chl] ke § bh c gyl Ch\d nd \§chMwald cag cal tia] ca] ¢

?1 ?g]S?g}Vi?%ti‘yﬂoj‘é‘l[“ﬂ caj oalea) ¢ad chdenl cop bay cul coheafeart erdrdieal] ca) cau
] ca] ca] caV] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca c12/25; ?A. R Y] '
<! x!1 1" AKE A S regea] c’% ta] capebfta] eareyy careaViead eeftate] cal cau
] ca] caU]_ca)gz)g}g'léc,a _caJ -Caar] ca% ca% cal ca&cal cajcal"s""" ) .
i Ri Y o) ¢ ({122 99Y©) R MhbY V@ lipkPhe) K4 RER cRUARS] ca] ca] cha
technique coupled with DNA sequencing.
Twenty-one nucleotide differences are observed between the
NS3 fragments of the lawaii strain and the published Singapore
S275/90 strain of dengue 1 virus. Differences at {6 nucleotide
positions arc seen between the H241 strain and the published
814669 strain of dcnguc 4 virus. The Nakayama strain and ihe
published JaQArsS982 strain of Japanese encephalitis virus
differ at 11 nucleotide positions.
Stringent analvses by multiple ;equencing in both
directions of amplifjed CDNA templates derived from random,
specific and oligo(dT) primers are consistently compatible.
Practjcal Applications
These new primers are feasible for use in the KNA-PCR
technique coupled with DNA sequencing for the molecular
diagnosis. epidemioldgy\anﬁ vector surveillance for infcc{ibns
with dengue and other flaviviral strains. Someé insight.into
the structurc—funclionZuﬁgf&sis.of NS3 cén also be'gaiﬁédtfrom

the resulting sequence-data
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1. Process §or identifying virail infection comprising the use
aof DVCU and DVCD consensus primcrs as defined.herein by the
table to dctect the presence of dengue or other flaviviruses by
amplif{ying by a polymerase chain reaction target fragments from
biological or clinical samples containing cDNA templates
synthesised from RNAs of any of the four dengue viruses or

other related flaviviruses.

2. Pairs of oligonuclceotide primers comprising DSPi. DSP2,

DSP3 and NSP4 primers in conjunction with DVCU and DVCD
primers, the primers in conjunction with DVCU and DVCD primers,

the primecs being as defined herein by the table

3. Use of the pairs of primers in accordance with Claim 2 for
specifically determining the dengue virus type (that is. type

-

1, 2, 3 or 4) in biological or clinical samples.

4, The use of DVCU and DVCD consensus primers as defincd by
the table to detect the presence of denguc or other
flaviviruses by amplifying by DCR, target frégmcnts from
biological or clinical samples containing cDNA templatces
synthesized from RNAs of any of the four dengue viruses ar

other related flaviviruses.
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Ent r yWor dDocgimentyjhe ude $8BEH1D,‘Osp2/ BEE3M260 BB B <prd@ s in
conjunction with DVCU and DVCD primers as defined herein by the
table for specifically determining the dengue virus type (that is,

either type 1, 2, 3 or 4) in biological or clinical samples.

6. The use of DVCU, DVCD, DSP1, DSP2, DSP3 and DSP4
primers as defined herein by the table as sequencing primers for
the DNA sequencing of flavivirus-derived DNA fragments within the

relevant NS3 region of the flavivirus genome.

7. A diagnostic kit for viral infection composed of one or more of
the following DVCU, DVCD, DSP1, DSP2, DSP3 and DSP4 primers
as defined herein by the table as sequencing primers for the DNA
sequencing of flavivirus-derived DNA fragments within the relevant

NS3 region of the flavivirus genome.
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