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Summary We successfully detected dengue virus (DENV) genome in urine and saliva but not in
plasma samples from a Japanese dengue fever patient. The results of the present study suggest
that detection of DENV genome in urine and saliva can be an effective diagnostic method,
particularly for children with viral hemorrhage.

© 2007 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights

1. Case report

A 28-year-old Japanese woman visited Vietnam from June 29
to July 4 2006 and China from 4 to 10 July 2006. On 6 July,
she developed a high fever with arthralgia. Six days later,
maculopapular rashes appeared on her limbs. She visited
our clinic (International Medical Centre of Japan) on 11 July.
Although no fever or sign of hemorrhage was observed, labo-
ratory tests showed thrombocytopenia (39 000 platelets/pl)
and leukopenia (1730 white blood cells/l). A diagnosis of
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dengue fever was considered, and RT-PCR, IgM-capture ELISA
and 1gG ELISA were carried out (Nawa et al., 2001).

Anti-dengue virus (DENV) IgM and I1gG were identified in
plasma samples on days 7, 14 and 25 after the onset of
symptoms (Table 1). These samples were examined for virus
genome by real-time RT-PCR (TagMan RT-PCR) (Ito et al.,
2004). DENV genome was not detected in plasma or periph-
eral blood mononuclear cells (PBMC) samples on day 7, 14
or 21. However, DENV-type 1 (DENV-1) genome was detected
in urine samples on days 7, 8 and 14, and in a saliva sample
on day 7. :

Nucleotide sequences of PCR products from urine sam-
ples were determined with BigDye Terminator version 3.1
(Applied Biosystems, Foster City, CA, USA) and PCR primers,
Sequence analysis with a PRISM 3100 Avant Genetic Analyzer
(Applied Biosystems) confirmed that the detected genome
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Table 1 Laboratory test results of plasma, peripheral
blood mononuclear cells (PBMC), urine and saliva specimens
from a patient with suspected dengue fever

Days after onset 7 8 14 25
RT-PCR
Plasma - NT - - -
PBMC - NT - ) -
Urine D1 D1 D1 -
Saliva D1 NT NT -
ELISA®
IgM plasma 8.97 NT 6.05. 412
IgG plasma 2.04 NT 2.29 2.36

D1: dengue virus type 1 detected; —:. virus not detected; NT:
not tested.

3 |gM and lgG antibodies were considered positive when ‘the
index value was >1.1. '

was that of DENV-1. The FASTA search of the GenBank
database - showed the two DENV-1 strains with the high-
est levels of homology to our isolate to be AY732479 and
AY376738. The DENV-1 sequence of 446 bp of the E region
showed 98.0% homology to AY732479, isolated in Thailand
and 98.4% homology to AY376738, isolated in Guandong,
China (data not shown). There was very little chance of con-
tamination because no other samples positive for DENV were
processed in our laboratory at the same time. Virus isola-
tion from the day 7 urine sample was carried out with C6/36
cells and Vero cells, but infectious virus was not isolated.
Although the patient’s liver enzyme levels were increased
(gtutamic oxaloacetic transaminase, 56 U/l; glutamic pyru-
vic transaminase, 76 U/l), no complications occurred during
follow-up.

2. Discussion

DENV infection is usually confirmed by detection of virus
genome by RT-PCR and detection of dengue-specific igM by
IgM-capture ELISA in serum or plasma samples. RT-PCR test-
ing is sensitive only in the very early stages of the disease
(Rigau-Perez et al., 1998) whereas IgM-capture ELISA test-
ing is negative early in the course of the disease and gives
only a probable diagnosis (Schwartz et al., 2000). Therefore
a combination of laboratory methods is needed in order to
make highly predictive diagnosis of DENV infection.
Specific antibodies in saliva have been reported to be
useful alternative methods for diagnosis of DENV infection
‘(Balmaseda et al., 2003); however, there is no reported
study of detection of DENV genome in saliva to our knowl-
edge. In the present case, we successfully detected DENV-1
genome in saliva and urine samples but not in plasma or
PBMC samples. Detection of IgM provided serologic evi-
dence of DENV infection in this case, and detection of DENV

genome confirmed infection. it is very interesting that DENV
genome was detectable longer in urine and saliva than in
plasma; unfortunately we are not able to explain this phe-
nomenon. Further study is currently ongoing.

Urine and saliva samples are easy to collect without
invasive procedures, and a large volume of urine can be
collected. Although further study is needed, results of the
present study suggest that detection of DENV genome in
urine and saliva can be an effective and supportive alterna-
tive diagnostic method, particularly for children with virat
hemorrhage.
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BHBEF. BE R, & BIL. BKE
HF. BHEE. BB, BERBMERY
A VA D Genotype shift DEERR. 2007
£4H11-12 8 % 818 AARRBYEF
SEWNES FEH

BHEGF. BE X, # BIK. RIS
FF. RFEE. AR AEBEY
A NVADEBEFIREEZRET 5.
2007410 A 11-12 B H12[E AFA
RRBEFRFINES BT

EHET. HE /&, %k B/A, B
SF. BFEE. BR—B. BEBMEY
ANADRFHEEZRET D VA NVAEF
DFIZE. 2007410 A 21-23 B 55 [E
BARY A NVAESEMRES FIRT

H SO EREOHEE - BRI
Bz L
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K 1. Beiji

Beijing-1
Mied1
Beijing-1
Mied1
Beijing-1
Mie41
Beijing-1
Mied1
Beijing-1
Mied1

Beijing-1
Mie41
Beijing-1
Mied1

Number of mouse survived

81
81

161
161

241
241

321
321

401
401

481
481

-1 Bk, Mied1 kD EBBET I / BROHEL

FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPILDVRMINIFASQLAEVRSYCYHASVTDISTVARCPTTGEA
129 [VRSYCYHASVTDISTVARCPTTGEA

FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKP 123

HNEKRADSSYVCKQGFTDRGWGNGCGLFGKGSIDTCAKFSCRKYI i3 PENIKYEVGIFVHGTTTSENHGNYSAQVG

HNEKRADSSYVCKQGFTDRGWGNGCGLFGKGSIDTCAKFS 3] IQRMIDPENIKYH 222 Ll‘ 227 NYSAQVG

ASQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNTEAFYVMTVGSKSFLVHREWFH A NP WP STAWRNRELLM
ARSQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNTEAFYVMTVGSKSFLVHREWFHRL(S SP#STAWRNRELLM

.-

FE SVVALGSQEGGLHQALAGAIVVEYSSSVKLTSGHLKCRIKMDKLALKGTTYGMCTEKFS FAKNRANDTLUG
FE| BVVALGSQEGGLHQALAGAIVVEYSSSVKLT] KMDPKLALKGTTYGMCTEKFSFAK
327 ¢ 366 397

TVVI 5 GSDGPCKIPIVSVASLNDMTPVGRLVTVNPFVAT F\ KVLVEMEPPFGDSYIVVGRGDKQINH Gi
TVVI TYPGSDGPCKIPIVSVASLNDMTPVGRLVTVNPFVATRSISNE KVLVEMEPPFGDSYIVVGRGDKQINHRWH G

e

ISTLGKAFSTTLKGAQRLAALGDTAWDFGSIGGVFNSIGKAVHQVFGGAFRTLFGGMSWITQGLMGALLLW 1 RDRSI
ISTLGKAFSTTLKGAQRLAALGDTAWDFGSIGGVFNSIGKAVHQVFGGAFRTLFGGMSWITQGLMGALLLWNGVNARDRSI

MLAFLATGGVLVFLATNVHA| 473

RLAFLATGGVLVFLATNVHA

2 < 7 A TORBMARNT

Day post infection
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80
80

160
160

240
240

320
320

400
400

480
480

500
500




3 JEV HEREDHE

-T
nE|l cE 123@ 129m 222m 227m

L
E-B1

M41) Be

© O © O O o
A0I8642

asoseydag-uueday AQ |eAOWdL SNUIA %
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BAFBRFMEEME (FH - BRBRENTEFE)
SEREREEF

T o7 1By A VA NS1 BEGUTIERLER B U A WV ABBUT S KX+ B

HERE AR (ESURRESIER - VAN RE— - BR)
HEpANE BE R (ESLBRERZR - VA VAE—H - TEFER)
BREE (EMBRENER - VANVAE—RE2 X - ER)

MEEE T7I7EUANZADIHEERBE NS1 X, /3 F& 45-50kDa DFEEBEETH YV |
MEECHIBBE EICHEL., MM DWEND, VANVRYT ) AOBEBROKBO
HAE{LIZ NS1 XEEE T2 L ORENH DM, TOBE - (EABFIIFRHATH S, ERYA
JVARIZBWT NSLIC 28T 5 N RIBESMIALO 5 b—F (130 FH) #FERIED L,
DANAOBREB L UORESERET T EBHMEINTWSE, —FFv 728 A L
RIZBWTHRROEFTN 2 TV —FThENEN, —HHEKTI/EENSH Y . BEHMAM
DEHBIIAREIC R > TR, SEFL4IZITFT 7 18402 (DENV-1) OFEIZEITS
NS1 BESHAHMO BRI OV THRNT L7-, DENV-1 Bt sy F 27 u— 2 VT, SESEATINED
fLTHH 130 FHEL 201 ZEBD Asn &, —FBLUEF% Ala lZB#]R L7=7 o— Z{ER
L, &7 u—2 X VAR LS/ A RNA % Vero, & h~/3 b —<H3¥ Huh-7 38 X UM H
3 C6/36 DEHIVCHEAL VA NAEAEZRAZLEZA, WTFHROMIBIZEBWVTDH 130A1a
#HT54 /5 RNA(130Ala RNA) D H D& A L ZADWREIIRER TE o, 20 130Ala
RNA &, BPAERIH DN 130Ala BENSL BB 5 A I FERIFFICHIRRICEA L, §Eh
BUANARNABREFHE L, FARINSI ##HFEHIESZ LT 130Ala RNA BEORMAHEL
Baxhie, SHIZINOOMEROEEE EIFE4 NS1 BTS2 I FREA LRI
el Z A, BAR NS BHRHARIZBNTOLMBENLS L UHER EEFOY A /LR RN BO
WA BEESNT-, BERH BT 130Ala NS1 HHT 5 A I FEREA L7-Hifaic AR
DENV-1 2#:fE L, BMRPOELEINIBEE VAN AEEZER L7, NS FERBEBLV
B AR BHMALIZ R 130A1a NS1 BBMEP OO VA VAEERFELIBETLTWE,
DENV-1 NS1 OBESHAIERNAL T3H D 130 FHH D Asn BV A NV ABFHICEE QB2 Bi-4Z
EBALNERST, 12T LA LEHICRBE I NS1 23, VAV RERIZR L
FIFTU MHERATE L EBHLIERS T,

A. BFERB®Y VIUHMBERET D ENHD, T
FUITBIT VT OANADBRIZE ST TUANVARERLRy I AV HRE PR
Bl ShAAMEWMEKERTHE, T VAo THMAERZZ LD, Fu
TBRTFHROLIVERTHIN, —HOT TUVANABRIERLLONDIDIEINDD
YIUANABRETIIERE CEENLRT HOFETLIHRTHIRET V7. B7
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U7, HEEX, H Y THEEE. 77V %
RE, A—A TV T, EAEHEHS,
PEREE,. A8 EOMRORE - EHE
WK THD, TTTANVAEE FrbE
b ~DOEERIEZRV, B U <8I K o TEAT
ENDREABETANRIBITBRTEZDOX
HIREEEH L FEELRWVA, B b -4 -
bt OB A I MKV HEREINDS, &
HIZ, b FOEFEREICR Yy I =B
BHLTWBIENDL, TVYITUANVRE
YUEII A OBEHE PR LDDH 5,
2R TiE, FRN1LEBART > IBE,
F72825 - 50 FANT 7 HMBEFE
EL, 7V 7HABBEDSI HH1—5%
BETLTWDEHEEINTNDZ LMD,
T T UL N ARBREEITHR TR LR
t MNBYSEDOO L DIZEITOND, BIEH
AENTORLEITRVIS, LRk~
SMEERLE ORI, RERRET B4
LHIEIMEMIZH B, FIEFEOHERIRBEL
iz kY, ABRYYEDEEHIKIIEEET
WCETIEELTWAZ NG, KEIZE-
THBBERYDDODHD, T v I/ BRET
BHizks T B b ER2BEIX, V7 Fon
RIEFBERBELEIIHDRATHD, £DXS57%
B, —HOWARESHIEIT VT IANR
Wt 25T A NV AEKDBRELEITo TV D,
RS, BEBRPER. FHEERE
DM THUA NV AEEICEDL 2BRER
BEENE LTHREEZEDTNELEEXD
b,
FUTIANAEZL T FETANVAD
FEREER BE NS1 i, 4> F & 45-50kDa DFE
ERHETHY ., /MaEOMRE EICRTEL.
Fr-MRMC b HWEND, VANVRT )
L DOBRRLKRBOBIERIC NSL BB5T 5
EOBMERSH BN, TOHBEE - (ERBFIX
FHTH D, HRETANAIZBWTNSL IZ

2EFHH N BESFHMAMBALO S b—F
(130 &B) 2FR&S¥DL. VANVAD
BREBIUWEENMETT5 Z &8RS
EhTwad, =57V 7284 LVRICE
WTHRBRDERIT N 2 SNV —TF Tl &k
B, —PHERTHEERNH D BESTNO
EHIIAREICR > TORY, SEIFK 2 X7
v 1B A2 (DENV-1) OEFEIZBIT
% NS1 BEEMT MO BERICOWTHT LT,

B. HREFHE

DENV-1 R et & + 7 v — »
rDENV-1(02-20) /pMW119 (Tajima et al.,
Virus Research 116:38-44, 2006) %AW
T, FESAIMEAITH S 130 FH & 207 F
B Asn %, —FBXOFEF % Ala ICE#
L7=2 u—> (rDENV-1-130Ala, -207Ala,
L U-130. 207A1a/pMW119) % {EBL L 7= (K
1), &7u—VXVEKLEYS ARNA %
Vero, t b~ X% b —<H3k Huh-7 33X MK
H3E C6/36 DEAMMIZEA L VA VAEE
EPRLT, UANADREIX, ST—0F
BRIEIC KB HMERIERZR DN TANVRYT )
LB RNR T T4 <—Z 2 PCR IEIC
EViTol, 7/ AAPORBEIET-HFE
3 L OERE NS A3 A M AERORIE
TEREFSD 7/, rDENV-1-130Ala RNA
&L BARD DT 130A1a BRNSL RES
FRAI FERFICHIRICEAL, §Sh
HAVARNAEZPCRIEICE D B LT,
R EBEPOBEE VAN AR TFORESL
FARZID, ZnbOMROKEE EEE.
A NS1 BB T A I REEA L M2
ZTeDb, ERFRIICHIRRA S & U3 BT
FOUA /LA RNA BERIE L7, BEHD
BT 130A1a EENSI BB ST X3 V&
A L7-HIRIC B4R DENV-1(02-20) & 1
L. BHEfarOEEINDIBEEMET AL X
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BAH& L,

C. iR

1) DENV-1 B ¥y F 70—
rDENV-1(02-20) /pMW119 % VT, BESHT
IEALTH D 130 FB & 207 FHD Asn &,
—FBIUFE % Ala KB L7 u—2
( rDENV-1-130Ala ., -207Ala . ¥ X Ot
-130. 207Ala/pMW119) % {EHf%, &7 n—
v X VAR LIS/ 5 RNA % Vero, B ko~
/3 b—<H3¥ Huh-7 8 L T H¥K C6/36 D
BHRUTEA L VA NVRAEAZRAE (K
2. 3. £1), T3 L\TFhoMRBIZEWY
TH 130Ala 2 FT 55/ ARNADPLDT A
JVADKEFEIIHER TE 2o T,

2) rDENV-1-130Ala RNA &, BFARISH B
13 130Ala BRNSI BT 5 2 I FE R
HMBUCHEAL, BRENDITUANLARNA B
B LE (K4), BFARNS] 2HEB S
% Z & T rDENV-1-130Ala RNA B DA
BRINE, EbIIhbOMBaDEE L
HE ., HNS1 RESTAI FEEALLH
Rz =& = A, B4R NS1 RBMATIC
BWTOALHBRAL L UER LEFO VA
JVA RNA BOBEMMBEE N (K5),
3) HARSH B T 130Ala R NS1 BE T
FAIFEHEALEMRBRICHFAR
DENV-1(02-20) Z#£fE L, BMIla ) HEA S
NORBYMTANVAREERLE (K6),
NSl ERBEBLUCHARERMAIIT L~
130Ala BB L DU A NV AEAITE L
<IETFLTWE,

D. & £

DENV-1 NS1 D RS MEIMA TH %
130Asn S ELEV IS X UM Se k(b Al
TOUANVAEEICEELREEH 2R -7
ZENBELMNER o, —JF 207Asn I

FAIZHLA TRV ERHLNER ST, F
TOANARYT ) LA PLEEBER I
NS1 23, A NLAERIZHL FIF v b
ERTEHZEBHALNER ST, THIZ
X Y NSl-defective DENV-1 %'/ A L 854
BINS1 DB AIL LY, A NVAEANRR
BT L xR LI, —F ., NS1130nF i35
ABK DENV-1 OHFEIC L, FIF 2 bR
HT 4 7B ZEBRALNLE RS, Z
DF ) DARBIEICLD, KBHASIC
NS1 BEH OBRERIT R AL B X bh 5,
FOFEFMOVANVAEAZICD
HATREL Bbhd, NS1 XU A VA5
OLTHECEERREEZRLLTVS
TEWREE L RoT, 5% NS1 OBERERRYT
BEDIT, ABAEEZEN L Ly
AEBRE LTI Lz,

E. & @

DENV-1 NS1 D ¥ESH A MEMAL TH
130Asn 3 ELEV 35 L UL SRER{L AR
TOYANAEFBEICBEE & 2R 1T
ZEBBRALNER T, DANRYT ) LS
N HFB X7 HAR S LU RRNSL A3
FIFU MCERT D ZEBHLN LR

oY i

G. HFEREX
1. SRXHER
Tajima, S., Takasaki, T. and Kurane, 1. (2008)
Characterization of Asnl30-to-Ala mutant of
dengue type 1 virus NS1 protein. Virus Genes

(in press).

2. FRRR

HE K. BREE. BiR—B. 771
B A VA NSLBES ML ERS Y A v
ABERUCRIETHE. E55 HAKXKY AL
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rDENV-1(02-20)/pMW119

pBluescript IT SK(+)

l Inverse PCR m Self ligation (site-directed mutagenesis)
L4

¥ Bt

¥BpT

Xho T}y

BT ¥

BipT

i ey,  "DENV-1/130m
/pMW119
< * — FDENV-1/207m : —
——  /oMW119 W In vitro transcription ]
= rDENV-1/130m207m ----___l!,_“__.,

Huh-7

(human hepatma)

Electro-
poretion

Supernatant

6
Day 0. Day 4 1

Supernatant | me—

oays |

Supernatant | mee—p-

/pMW119

Transfection

™ rDENV-1(02-20) RNA

or
v rDENV-1/130m RNA

RT-PCR
(DENV-1 specific primers)

PFU / ml
Titration 02-20 6.53 x 106
130m <1x102
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® 3

Electroporation ~ ™ rDENV-1(02-20)
66/36 < or RNA :
3 :

{Azdes mosquito v rDENV-1/130m
RNA

(6 days)

v

Supernatant

Inoculate (blind passage)

v
@ 02-20 130m

Day0.2.6  pay [o 2 6\lo > 6\(—)

A 4

02-20it~130m
TONHIE H*
v BE I,
RT-PCR I
(DENV-1 specific primers)
’"DENV“I/+13O"‘ RNA ffo;mrg_—g DINSLI30mF/pME1BNeo
: oy, D1NS1F/pME18Neo

NS1F-expressing plasmid
(DINSIF or DINS1130mF)

Electroparation /i Supernatant ]-—> Western blotting }

6 days \
l Cell

Huh-7 cells —>‘ RT-PCR
Target: DENV-1 8 -actin Sup.(1)
/22 cycles 25 cycles\ /22 cycles 25 cycles L g
4 N B 4 N \ 2
s £ 3 £ g Fo3 558
Q LY} [+ Q -
wf Zlef 2w B Zrue 82 229
- R R DB 2H H R 0 o 3 (kDa)
2 z%l222| 122222038 ,
M 0o o a|lo o a M ] B ‘S;_ [a] E) a
60
=50
NS1F( =40 Anti-Flag

i

RT-PCR | | Wesfer:b!ofﬁng |
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I
Cell
I *) Huh-7 24h \ RT-PCR
! 48h :
1
Target: DENV-1 DENV-1 B -actin
/’Oh 24h 48ﬂ\ />0h 24h 48;\ /rOh 24h 48K\
¢ gl ggll ¥4 {Zs\(‘é‘s\(‘:s\{?s\(?s\{?
w2 g wd g g Wi Zw? Zzw g wI g el gl
2202232209 %22%%2222 22@22222
20:ioba00 8 Z35:i03332553mMB53305355

rDENV-1/130m RNA
+
NSI1F-expressing plasmid
(DINSIF or DINS1I30%F)

NS1F-expressing plasmid
(DINSIF or DINS1:9F)

ﬂ Electroparation

2) Inoculation

Supernatant l

.,.——p

Supernatant
Huh-7 @
6 days .

ﬂ 1) Lipofection
=~

Superno'ran'r

NS1F-expressing plasmid
(DINSIF or DINS1130mF)

+ GFP-expressing plasmid

| rDENV-1(02-20) |

Electroparation

@ 1 day

2 duy

Inoculation (m.0.i=0.1)

.................

Titration

-----

[S
(virus growth)

== NSIF
= 130mF

—&— pME18Neo

Huh-7 cells
107
'?E- 106
~
)
£ 108
o
S
+  10%
w
2
£
> 00
102

Day O Day 2
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%1 9ANVZREESER

RNA

Titer (PFU/ml) or Viral RNA

Vero Huh-7 C6/36

rDENV-1/130m
rDENV-1/207m

rDENV-1/130m207m

< 102(unde?ec’rab!e) < loz(unde’recmble) < 102(unde*rec'mbie)

1.76x108 Not tested Not tested

< 10%(undetectable) Not tested Not tested
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