100 — I
=aeas Valacyclovir 500 mg 1H 18]
) 75 R

80— e
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5 Fas
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7%
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A p<0.0001
o 40—
&
iy
j=]

20—

0 T T T T T T T
0 20 40 60 80 100 120 140
HERAN RAORY OB T TORR (H)

Patel R et al. . Genitourin Med 73 ' 105-109, 1997.

3 BERIRFEIC L 2BREROYE

NTwabIEddHb. LaL, WIilw JEE
o HSV #kitix HSV B DEF %2 & 2 LI,
FEELZRTEEZTI N,

HEEIIHSV BPEDOAXRZ P T LER2D L)
WKEATWD, ZIRIFEDORIERE L HSV O
BLWI) 2ODORTEEZIZANT:. PIRERIZX
DFRAE L 728, HSV S RRGREBIZA 525,
I LIS LIEEIEHEIL S, b LRETHHT
XGpWEFRBEWIRBELE DL, RENS LIS T
BEIERIEKRECHIZ RSB, UL, RO
HSV 1341 & 2D B & ARV EKTORETY,
HEZIZ BB NOKT L &b ICHEEILS
NHSV Rt s b 2 &k b, COEERT
HSV 28RS A BB E AR W EVWOTHS ).
FLTHS CREMIIT HSY ORI %< %2 5
ZrHHETHAD.

1272, BAEFKE L, AT o TZERRIIC
BHEd hRTHENRL, 20l ESL
WL lbdHb, BlEn X )iz HSV BETidi
RLTWAB HSV 2SEiEH b S A HEIE RV &
Bbh b8, kBT ISEROMRIZT L0
BRRWTHH). FLBEOE A, HIRERSE
LT3 HSV 2HETE 2 FRb 2w,

006 @006 — mrR & kY Vol32 Nol 2005.1.

B I iR e & SRR L

VERFN NV RADFEFE ) ET & BHTARY -
BRHIICERDOA LA LR D, BREIZE)AE
RO - ERR - BEEHY, ThZTT
QOL 2B b b, ZdE ) LRAEKNRESLE,
FICHEM R A P LASFKRE D, WOBETLO
NEVIRE., BACERSETLEIDOTEE
Wk W ILEL FICT LD R EDOREAD G
DLEL, HWKEOEE, BREETERNDOT
Bhuhrbw ) EEbIChERFCELEY
IBIH B,

BRI LT, BELTO L) & 3 20hKE
WEZHLNLTWAS,

OFERAHIA LBV N AT 4 VA%

B\ CiEHET 5 (episodic treatment).

QOIERD MBI 2 AT ORI D & HRFIZHY 1 WV
AERME L CRIEZ A 5 (patient initi-
ated treatment).

ORI T A VAL WAT LI LIED
B4E % ¥ 2 A W (suppressive treatm-
ent) TH b,

BEAIBIBWTRRTHERTE 501200 A
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Thh.

4 6 ML FARENC TS A < DRTHAE, R
IR SR S hTwb. CDC DA A K
FA R, NV YONRE LR LT TIERS
T I NIRRETH 505, REETlERaL
CEICRBOER I X o Ty, BRI,
acyclovir 400mg % 1 H 2 ®, ¥ 721
valacyclovir 500 mg # 1 B 1 @, 4 H #0912
RA$ 5. B 312t valacyclovir % v 7 )
BOMBERLE, 77 2RI THBEIL
0% SN Tw5Y. BREMCRAT 50 TZ0
BIERSSOERENDD, 6 FEIChlzo TRALL
Blci, AERR o728 B L TWED
FHIFELRIZVWSRVWI I TH 5.

Valacyclovir 12 & ZHIHl#EICIE, 9 —DoK
FRPAPRDOLNL. T, AEZRATS
EHSVICREL T R OMFIIHRE X &
BEPFEBIEWMoZEVITETHBY oz
s, VELERTLIRETCIIERZMALE
TR, ) —DDLEHE, ThbbBAND
BEDLED B TIENTELDTH B,

INLOMEEEZ DL, BRTH R AME
PIHABEICHE-TELVWDADTH B, B,
HAMBIYEF R & HARLEREF R0 O AES
BB R TAFENTR S L) ICEEHF M
LTw5,

BREREEEE LS W) HAREERICL D,
ABUTIAC B L CE L BMALRZAY £V R0
BICBWEVWbLEZ 2l 0w, 20Xy N
A LTRER ED L H I i vwoT
b5

ZOWRMBIIATRRTHLDT, WEFH 2 BHE

TEVPIIEVYLPPYBEOWIELE W Z D0 D

Mz, 7272, HSV OGS AEOE

BRREIR S, Wi o RBE SHEEL

TWBHOT, MEMLOBRRREEL, FhI2L 5

BEELWPICTFRIT 2008, S8R L 2T

THRVWHETH 5,

- e
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PERRFNIV AR A DB &

— AL D)) —

N # fe *

B BE O mH (5

MR AL T EHA LV~ A Y 4 VA (Her-
pes Simplex Virus : HSV) 1 # (HSV -1)
7ok 28 (HSV-2) Who>THRIET B VA NVR
HEHRPETH 2, SO BEFBERYYEY —
NRAZRAREB L, BrBEourduaz I o
10 FEc#goERIcd D, E/H 5 FEloH
DY, BREFEOFCEIMRY T 3 V7 BRS
EERRWTHE 22 LD TV S,

FRETIERE & IBEO L OB DU Tk
o,

1. R & BRAREEIR

B~V R A7 A ) 2 F AR A7 A v ABN
BET2DNAYANAT, K&IPFIERZRH 150~
200nm Th 5, VIRMOER & EYENBHED

T -

Kawana Takashi
* R RZE LB R IR ER AR
(F 213-8507 )1 NIGTT B it [X 9 1T 3-8-3)

&5 HSV-1+-HSV-2 Lz & b, HSV i3
AORMEC B G0 & RS B L IRAT TR L, &
PO EHEMEEE BT UIIRETRET (R AE
B WHIET S, (UBERET CHE L 2 RICHR
HEE TREL, HUNBROKR « fEcEM, 2
ZCHARE L ORI & T BIEE T ORE 2 TR T
3., AL TS HSV i3RE2 FiE b Lotk
B0, %< 056, BEOREIC L IEE
fizohsd, Lal, RIW - 25805 0E8ME
T3 EBETAI LR, WELBET 5.

PR AL T EER IR E BRI T S h
5, WIS TERSHEBELIZEEE2F Y, B
FRBTTRRELLBEOD2H5E5%2E ).

FIFE 3400 T HSV e Lo Ba (T
VIRGAIF W) &, T CIEERTRRL T
Va7 HSV OSSR L D #1) TERNEN S
e (CNEEVIBPHIF EWER) b5, HiE
BRER G RBRETH 25, BETE G
TR O CRBINTE 5,

MBI HSV-1 & HSV-2 & B ICBPT 50
TREGYREED SRS~V RABGET B ER1OD
Iwens,

s D HSV BB DEKRIERD A7 b7 Al
REILL, e BEEREnSHL, &
B 2 HBEREHD SEER» S ISRk
H, 2513 E o7 {EERT HSV 28Rt 2
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bDETHS, ZOLIRRHEHERLTRL2OD
LI BBKSEEEZ Twb, HSV 3870
T S MHREETIC b BT B 7 HFHEREIR b B
L, ZRLEREET 5,

2. MBI DD

HEBRRCB T, ERCHBELERE
BIRZED HSV OBBIC L 20 BEh w3 T L %
RDBLZENETRDOND, —/ATiE, H5F
SRR ANV RABRICAZ 508, BloEET
HBLO¥IbRDoNDE, IELWEBKE DD
5L HSV WESERTPLY A NV AFDDH 5

ERARIOHR Vol 57

DTRHICEETH D,

AU PERR AV~ 22 B W TS EE FRAE IR R0 1
B O TR ARETIE D 228, ERITARIC
BRI SIS T 2 BAIF I te L 52
B, HEODZ B o720, BEEMRKRD Z &
LHD, MR EVYR—ABEOIC/AI VLD
ETH5. ZELERERTOT, hoEARLK
W5 2L bARYIT, ERETTHREZN T2
ERPENERTH S, NERICEER « KRR
K2R T 5 RBPANRABIC RE B B
RIDISDEEDRHD, Tho LERTLNE
Bh 5, BAESNEEE (Lipschiitz #E) »°
PN RABBB L EBENE 2 LB DT
ERZHT 5. EBHOERIINEICH S,
DEDODL LW EbH L, EREBMNHE

K1 BRFEDSHIERNILRDAEH
e e % 3L % 8
# % PR  HSV-1 ¥Ry
HSV-2 wIkg
JEWIRES HSV-1  FE9IReuss
HSV-2 JEWISRAI5%
HSV-2 4 (HSV-1 BERR)
" % HSV-1 ®%
HSV-2 FE%
K2 MBANIRIADEREKRSEE ()
o=l
(1) 5% a) W%
b)
(2) W44
a) JREOEE (i) FEE QoMEME)
(ii) SEE (5~ 9 @)
(iil) FREFE (1~ 4 &)
b)  F# (i) &
(ii) 4
c) BBV o mifER - I
(i) &
(ii) 4%

BT SMNBIRZEL <, AT RS
(1) FEEEL
(2) BBRE - IRIEE
(3) R (Elsberg fEEEE - BHEA) O &
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&R,

3.%%«»&xm;ﬁ§%%(m§)i

—i iz A VAR OBEICE, YAV AERE
BEENRE T 2RI & ME P X % B2 w2
Bwshsb,

MRV DO EEREZWNC RIRZ W 23
FIEEHRTH S, ZOHEBE, PIBRCBWT
AN IR T, EEE BT~
W0HEH) K-> TP THIRLEHTE5 L)
Wi 5h, ZOREOEROEOKEIIZZIS T &
vy, IRV PR L RA T IS TLUA D
FRIZEEAEZVOT, ZHEzEZE I H#
Lo, 2 ZTHREBEBLEE RS,

(U mEsl (%)

RE2Z2WIE, OV LVADSEEE, @4
VARRFUEOBE, @1 v 2 OB L%
(PCR #:%) EBHwWLNS,
D74 N ROPBERE
TREE & DAL 7ok 2 5Bl (Vero M
famy) wHmEL, BEI5, FHIOHEEE
21, flasAps 2 Mz ERR (cytopath-
ic effect : CPE) BNRonLEfM oD 4 VA
ORENFEbLNE (BE 1), £ CTHSVEERE
HR~Y A€/ 70—+ e RO TEE &8
DREZRFTI. bo & bHEEZFIETH % HH
FTR2~THEDDY, AFLEFEIIDZDOT

(1139) 109

—BOMBTITZ DL TEROOPHELTH
3., ERRBEIGA CERETDH 5.
OFEHHE

HREREEBL, TREPERERATA PR
e, HSV-1 #7-13 HSV-216 3 % ®E e
Jra—F itk EHGTA X7 HO HSV &
MR EMRE - BET 5 AT, HSV-1 Bfin
HSV-2 Bt b ¥AITE 20, RE#ELLHD,
1L 5 W THERENH 20T, HXHEHSEOD
D R REICREASTE 5, AREMRE T
BHHESEDE VLD, NS WIBIBHRE M T
RN DL 30 UIREOBWERTH S,
COREBERRBRENEE CE D, BELIERE
BEORV, AEBETESIEZD2H L WIIEOD
HIEBF N TSz, FRIZIBZ 2L LT
BRI B L T &7z,

QBRI %

HSV R EERY %2 774~ — L LT
EL, 0o DNA % PCR (polymerase chain
reaction) &% & TCHIEL THET 2 HET, &

+3 EBNILCREBEEIAPTVRE

“EA S (Lipschiitz) %7213 Behget I8
PRy v Y S

MiE

PAN=2

Paget J%

SR 2

Al 17 4%

W bR

B2

KoLk

W o0 =~ O U o W B

=
[==]

T4 BN IOREZE

A v RS CIGIR IR USER PCR # LAMP #
253 = & =3 =
REE =] = [ =
FITERRE 2~7H 1 BERE 1~ 2 E5Rd 15 43~ 1 F§
R Rt OFFER Z HRRE AR R
v A W A B AT BE (1)
T B & 3l s B ERRE DNA O—ED & DNA O—EBOD &
AV EF—var avyEF—vav
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HSV-1

TE1 HSV-1 F72{E HSV-2 (C L 5%

b THEBRREPS DBREBTE 32, ZOAHE
BIFECHBTHY, FRELE L, L bl
DWEBFETHY, BT 2NHEGEL, BE2
Wi UTARWICEF S NS, 7272, HF D i
TH D 1 DRI R EBRENO 2 8 S 4 —
Va YICHERT ABBESHER T W L, £R
HL T2 0BBPMREEZOb D TR,
BRD T —EREHEE - L T 3720580 7T,
FERABEEHECE L CEBEBRE T2 0ERH 2 T
L EOENSH S,

BT 7 7 4 =—CHEL, FIREBERTIN/
5 — Y TCRE « B fThbhTwizh, BT
RSN BEIBEY ORI THEEFRT
% XD WHEE L, PCREWCHEEML Ty {#by
TFEAEVFTVILLCE=F ) Y ITRET 2
“real time PCR” &b BuwohTwnwd, Z0OhH
BEEREND L. 0F ORI Y, K
bAEV, FRRA, FTLVLEKEBEEERE LT,
PCRO &I CHEEZLELEL®T, 60~65C
D—EEETHEESE5 “LAMP (loop-mediat-
ed isothermal amplification) #%” 2B FE s N
T& 7% HEDE I3 LAMP 23 E@EKIG
THHH, EEMLFTEZO0TEHIZT TR
<, IBEDBROHEPTFRAEC LFHSILTY
{EEZLHNT VWS,

-126-

[2]mi&%

MEsHiEe L CREAV SRS b Did, #
RiES KIS (complement fixation : CF) « H1
Kt (neutralization test : NT) « ELISA ¥ (en-
zyme linked immunosorbent assay) &34 5,
MEZH O FISHREEBIREMICH 5720, T’
B SEEY A VARKRT 3 2 & PREEREE
LbABEE WS HTH S,

ELISA #2286 o & b BENE <, 1gG - 1gM
77 AROPHHZE LA TH 5.

BIERoD & 5 I MEZH ORI 2 ERITE L,
s olz, HSVHESEHETH 5 (R
BARALOORKI50 % b 20T, HiENBET
BB LRI THEDICYTIRE PR HSV =&
Bk ByDLFEMETERY, Larl, IgM
SEOREABRE—RAOFORERIIEL, #
YT I 11~15 9% H DARE HSV -1 - HSV -2 /&
Pl & IR 100 %L MU TE 20T, iz
WrOHREBL & 7% 39,

FEETANAORIMINCSH B x>0 —TDFE
FR7BEDHO oG BHEBEREENREONE Ik
BN ERD, ZOPEERCTHELEET
32T, BEORBYL T2 HSV OEHFE D
TEL I, ThcXYRIIEERL
7o & 9 I MR AV A D RBRGRRE O SR & AT T
5 EBERAIC R o fe, BEARE TR RS
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&5

(1141) 1M

TR IR R DEEYDARR

<HIFE>

Tyrzutti 200mg/$E 1HSE KO 5~10 HE
F i
Ny H00mg/fg 1H2E O 5~10 HE
FRER
BMEA7 Y Z7u N Smg/ke/E 1 H3ESAMEE 5 HME
FO%, BOFCEZ 5

<CHF
7yorubl 200mg/$8 1HGLE &O 5HME
F iz ix
NTyrzar) 500mg/s 1H2ME RO 5HM
BES
IREYIECUEE 1H3~5E®BA 5~10 HE
EQ A
5%7y 7o NiRE 1H3~5E%MA 5~10 AM

NTWRWA, FRERI DL IR E-T
BRI EENTAD LR DTHS,

R R AGHE ORI X DR L T3 HSV-
2B LEBRKNCRDEI REELD
%,

O HSV-2 iz X 23 HSV-1 £ 0  EFHL
I, BERECTFREFETIROSHFITRSY,

@ HSV-2 i& & b thigrateosas <, BER, B
Jbt  TELJS KB % £ 5 Elsberg fERBEIC 2 D %
v,

4, HBRAIRIDEE (X5)

PSR AR F HSV O % 18 £ O RBED
H T 2 0 TCERBET 2HERTHS. Larl,
HSV O#E5E 2 EHNC X - THifiFhiE L v BL
BRI ELL Z LB TED,

HSV ol % B8 s 2 i~ A >
ANVAKITHETy7aEN (VET Y7 A®)
WEERDT. Fi2, NI ZUENL NV
w7 A® ) 1372 a ENOBERIE R REL
le7u RS 7 ThdH, 200249 ADFEIGE
Iz & bAoA b FERTREE kot IR

FERBERES LTCHMTREEZROI LB TE D
DTAVTITATVADBEL, ZOERDBILESD
DOH B,

LA NV AFKEROBIERIL, R -l - T
Wil EOBOEIERANDBHE S THS, S5
Tk, BERRBIEASCBOEREME OMAIER
bEINTWRYL, BRIV HESLZD
T, BEEOENEAICRFEHAELH S TLEM
H5, T, BEEBREFETNA FF7A4 >~
2004 IS SN2 BE W DL TR B,

QLR

7y7ubtiE200mg 2 1 H 148 1HS
B, £/ /N7 70 n8E500mg % 1 E 1
5, 1H2E%5HMKRE T 208 BHTDH
3., bLESKVLIFKIEZE SKKHEERT 5.
BEGCRARFERT Y7 u v e flvs,

BRI TERFPIEDHIHGRT S Z & PEE
N5, BEBRISEND LEIEBEE L, WAL
HELT7 HUEERL T 2854, Gk
BanTwzL FyAVAEERfTS I L
T, VANVAKREEIFIL, ERORHRRE =&
METHIENTE, &/, REDERD»LIEH -
AL EDHEER L5, KEO CDC DEH
A RFA 0T, IREHREETTO HSV O3
RN L TH L I & HSIFROFEFE OHEE » B
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STOREMNOWEEESHD Lah, T~10H
MORE 2D T 5,

@B R

BHREETIIERSEN LD D, BEHEIE
S5HMTH S, L, ZOBELRBENEL
WG T 5 2 ERYIT, FRELT»S 1 H
DN BRFEBRIE L v E BB RSIRBE S Ml v
EEbhTw3,

BHRT A0 D 2RI T 2 L HHER
TRV THLI EPEL, FTORBCERZEL
THBE, FIkBR SN SES A S Y 3 %45
#EHUE QOL ogeg iz i@yi>, Bllisiz &k 3 b,
FONTI7uENVERb > TREBECELTE
%, BUBRAERASFEIR U 72 & 24 BEFLANCBR A %
BAtAT 2 XD WML & 2 %, HIBRERREHLE
6 RFRILAPNIC IR FIBREE L 7o BE T 12~24 SR 4%
PIBREE & iR % CO A% 1 HERETRETH
o 7219,

BESICM LTI 7Y 7o EVESERE (VE
SS9 A®)EFSEVEERE (77—
A®) ZFHWTH L,

Q@R

HBRANRADERKOBREVEHRTH L, B
RIIAEREO LT 5T, BHNERELA PV
Ak, QOLEETEETWEY, BRI
TAMKE L THFEEBITbA S LS ck-
721008,

EHECI -3 IR ROV B/ I & 23 /3 3 D h
IRA$ 2 60T, F6EUEOHEEICHF T &
RS EEFCBEIHIAW L VBN - LHE
B A =P 2Z T TwaBECHwS, CDC
B7y7uoen400mg % 1H 20, NF¥2
oA 500mg % 1 H1IBRAT 2 HEREIDT
W3 LIREIARR I HE LS A T,
ERIGRECHEL THEETL, BEL LI
MEFEARCRET.

Corey 5%, 1 H1E/NT ¥ 71N 500mg
28 AMARYT 22 LT, MBIHMIIS
HSV-DNA OMHEIR 75 £ K2 10.8% TH

ERAROER Vol 57

SRR L, 2.9%FTHA L &L T
5. TOFR, = b F—~ORBRPEEH 77 R
D3.6%051.9BIFHA LI LT3,

MEFEBEROFEELZES L, 7, FER
BOTANVAPMERPESRLEEEHZ SR, §
TSI HETHEBRIZBAVRTWE S, B
7, BRTREBROBRICIZR > T, 2
THARBYFEY & L BRIGEFERFESI L E
Ko TREPRBBEIG L 25 XS EFL TV,

REBIERISEDO—D2THD Z & &, MR

BHERICEHELROET IS, BERILL
5T B - BHWERIIEECRKEVWEED
na, LolL, BEEATRZEOILZODRWHE
BROOT, S, BETCEBZREEVHRE S
N, —REICERANS XSk, ERE22k
cFREHETEZLICEDIENEEINS,
IS EZEICL TRECBERRRPTEL LS5
BLZEBHETHE, T, BROTREILE
LR 3RE 2 I U CHER R < SehliEs v,
S5, QOL OWESLBEDY A2 2 TiFon
BHIHIHE & 0 OB H 5 2 L 72 EOEBREE
HETINRETHS S,

Bx =

1Y i W, fll: #EEike /7 v —F ik

(MicroTrak Herpes) 1z & 3 8fli~V X~

AN ARBRRAE DM, BRPELREE 611030~
7, 1987,

2) Stellrecht KA : Nucleic acid amplification
technology for the diagnosis of genital herpes
infection. Expert Rev Mol Dign 4 (4) : 485-
493, 2004,

3) Enomoto Y, et al : Rapid diagnosis of herpes
simplex virus infection by a loop-mediated
isothermal amplification method. J Clin Mi-
crobiol 43 (2) : 951-955, 2005,

4) Kaneko H, et al : Sensitive and rapid detec-
tion of herpes simplex and varicella-zoster
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5)

6)

7)

8)

9)

virus DNA by loop-mediated isothermal
amplification. J Clin Microbiol 43 (7) : 3290
-3296, 2005,

B &, fit D Loop - mediated isothermal
amplification (LAMP) #EiC X B8~ L2
AW (0 ARHSYE EATEIRR) .
INRIES, i ZEEROBAVRA T A
AWVBGZ BT AR BT 2098, HE
FRE 51 (2) :65-72, 1999,

Lee F, et al : Detection of herpes simplex
type 2-specific antibody with glycoprotein G.
J Clin Microbiol 22 : 641-644, 1985,

Ashley R, et al : Comparison of Westernblot
and glycoprotein G-specific immunodot en-
zyme assay for detecting HSV-1 and HSV-
2 antibodies in human sera. J Clin Micro-
biol 26 : 662-667, 1988,

Kawana T, et al:Clinical and virologic
studies on female genital herpes. Obstet
Gynecol 60 © 456-461, 1982.

10)

11)

12)

13)

14)
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TERRIRAE « B - WA A K T4 22004, H
RYERYWESSEE 15 (1) 117-20, 2004,
Barton S: A guide to the diagnosis and
management of genital herpes. Mosby-Wolfe
medical communications, London, 1988,
CDC : Sexually Transmitted Diseases Treat-
ment Guidelines 2002. MMWR 51 (RR06) : 1
-78, 2002.

BHEk—, vy 2R GBIV
o) AR AV R OFERE
WHEIC BT 5 R AR OF SRS, BR
EEZE 21 (2) :205-213, 2005.

Patel R, et al ! Impact of suppressive anti-
viral therapy on the health related quality of
life of patients with recurrent genital herpes
infection. Sex Transm Infect 75 : 398-402,
1999,

Corey L, et al: Once-daily valacyclovir to
reduce the risk of transmission of genital
herpes. N Engl J Med 350 : 11-20, 2004.
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BFBADIIHN 5 b I RFFE DRERAERE DM

N % IR

IR RS 2 LY RS HAT 2 T LAt h Bk
EMECHONE LS o, HTHRENETEON
B, PFVTIRe, AL b Fov AL LR, B~
WRATA VA, E R UK A VABIEETHB',

IR RN BRI RE R 2F LTV oL
S 1 RGUE R IC BT A T L3Sy, 2D, L
BREHEMNANL Y R END &I D,

FERITIET 5 C & ic 3 EVREED T h & OB
BETLIR7E2H->THEL L. ARBEFNRY
BFEEENEr CERBR I ETH 2,

Al AEOFEFHOLTREORABRTR, £/
BEMREHAE T IHLEBLOTEZORKRERELS
itz v,

W& Ak
(1) imiEkek

a) b L EE
BHPERETCABANCENRE L THT 575/
BingyR (BB, K. BB, BTHE TR HUic
T L TREL S 2 hELEFEBEO L VE IR
FEBCT 7 F UvEABELTB LI IKIBEL TV S,
CORBICHE L LEOREENE L oK - iE%E
O TR, S RTRED ) 27150
TORE ATV o0 EOBES %kl SHF11H12HIKf T -
1o

BAONAEE LTI [RER TS A v —REDD
LT RTIMERGEEE=EMNa - FILLTRVWA I &,
MBFEOHEIR. &Y 75X, BB, 4 b2 K
ow A4 NVR, BEi~ALR2Y A NVR, NIV EDAWVZRB
HZ>WTITHT L] Thote TOHIKIOHADL
HIcEENAT L ECAENB SN IErOEE
2ROITEIEEEZ L L

SERKI5EE128 3 B, it o8 H e B#EFR2EDAE1200
ZE VBRI L o5z OB ICEEELRE L THE - 7, Hi
BORFFIOKEETT-» R, REOBoNLDh - 127

Z N}
ol sbFUVeTH B ORX EHFV oM
1) HaCPRE A
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Primers for herpes simplex virus type 1 (HSV 1)-specific loop-mediated isothermal amplification (LAMP)
method amplified HSV-1 DNA, while HSV-2-specific primers amplified only HSV-2 DNA; no LAMP products
were produced by reactions performed with other viral DNAs. The sensitivities of the HSV-1- and HSV-2-
specific LAMP methods, determined by agarose gel electrophoresis, reached 500 and 1,000 copies/tube,
respectively. The turbidity assay, however, determined the sensitivity of the HSV-1- and HSV-2-specific LAMP
methods to be 1,000 and 10,000 copies/tube, respectively. After initial validation studies, 18 swab samples (in
sterilized water) collected from patients with either gingivostomatitis or vesicular skin eruptions were exam-
ined. HSV-1 LAMP products were detected by agarose gel electrophoresis in the 10 samples that also
demonstrated viral DNA detection by real-time PCR. Nine of these 10 samples exhibited HSV-1 LAMP
products by turbidity assay. Furthermore, both the agarose gel electrophoresis and the turbidity assay directly
detected HSV-1 LAMP products in 9 of the 10 swab samples collected in sterilized water. Next, we examined
the reliability of HSV type-specific LAMP for the detection of viral DNA in clinical specimens (culture medium)
collected from genital lesions. HSV-2 was isolated from all of the samples and visualized by either agarose gel

electrophoresis or turbidity assay.

Viral isolation and serological assays are standard methods
of herpes simplex virus (HSV) diagnosis. Both viral isolation
and serological testing, however, require substantial time to
obtain accurate final results. More rapid detection has been
achieved by modification of cell culture techniques by centrif-
ugation of inocula on cell monolayers and the use of immuno-
fluorescence techniques (6). Recent studies have suggested
that detection of HSV DNA by PCR increases the sensitivity of
viral infection detection compared to antigenic detection or
cell culture methods (3, 4, 11, 13, 14). While quantitative anal-
ysis of viral DNA by real-time PCR may become a valuable
too! for bedside monitoring of HSV infection and progression
(1, 2, 7, 10, 17, 21, 22), it has not yet become a common
procedure in hospital laboratories due to the requirement of
specific expensive equipment (a thermal cycler).

Recently, Notomi et al. (18) reported a novel nucleic acid
amplification method, termed loop-mediated isothermal am-
plification (LAMP), which is used to amplify DNA under iso-
thermal conditions with high specificity, efficiency, and speed.
The most significant advantage of LAMP is the ability to am-
plify specific sequences of DNA between 63 and 65°C without
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thermocycling. Thus, the technique requires only simple and
cost-effective equipment amenable to use in hospital laborato-
ries. The LAMP method also exhibits both high specificity and
high amplification efficiency. As the LAMP method uses four
primers which recognize six distinct target DNA sequences, the
specificity is extremely high. This method also exhibits ex-
tremely high amplification efficiency, due in part to its isother-
mal nature; as there is no time lost due to changes in temper-
ature and the reaction can be conducted at the optimal
temperature for enzyme function, the inhibition reactions that
often occur at later stages of typical PCR amplifications are
less likely to occur. Thus, this method could potentially be a
valuable tool for the rapid diagnosis of infectious diseases (5, 8,
9, 12, 19, 23) in both commercial and hospital laboratories. In
this study, we sought to establish a LAMP-based HSV type-
specific DNA amplification method and examine its reliability
for the detection of HSV DNA from clinical specimens.
HSV-1 (KOS) DNA and HSV-2 (186) DNA were used as
positive controls to determine the appropriate conditions for
HSV type-specific LAMP and to establish the baseline sensi-
tivity and specificity levels. HSV-1 (KOS), HSV-2 (186), vari-
cella-zoster virus (VZV) (Oka), human cytomegalovirus
(HCMV) (AD-169), human herpesvirus type 6B (HHV-6B)
(Z29), and HHV-7 (RK) DNA were used to determine the
specificity of HSV type-specific LAMP. Plasmids containing
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TABLE 1. Primers targeting the HSV-1 and HSV-2 gG genes®

Sequence of primer”

Name of
primer

HS1F3

HS1B3

Locations of target sequences”

Virus

-GCCGTTGTTCCCATTATCCC-3 (F3)

-TACTTGGCATGGGGGGTG-3’ (B3c)

-GTTGGGTGGTGGAGGAGACGTCCTTTTGGTTCTTGTCGGT-3' (Flc-F2)

-GGTCGTCCCTCGCATGAAGCGGCGTGGTAAGGCTGATG-3' (B1-B2¢)

-TTGGTGGGAACCCCCGATAC-3' (LPFc)

5
5
S
5
5

HSV-1

136741 ATCATGTCGCAGGGCGCCATGCGTGCCGITGTICCCATTATCCCATICCTITIGGTICTY

HS1F1P

F

CCCAA

CCAGACC

Al

F3

13680t GTCGGT GTATCGGGGGTICCCACCAA

HS1B1P

LPF

Ft
136861 ACCGGTCOTCCLTCGCATGAAGCCCCCAACATGACCCAGACCGGCACCACCGACTCTCCC
136921 ACCGCCATCAGCCTTIACCACGCCCGACCACACACCCCCCATGCCAAGTATTGGACTGGAG

HS1LPF
HSI1LPB
HS2F3
HS2B3

-AACATGACCCAGACCGGCAC-3' (LPB)
-GGCCTTGACCGAGGACAC-3' (F3)

5
5
5
5
5
5

B3

B2

-CGACTCCACGGATGCAGT-3’ (B3c)

-TCGACTGAGGGTGCCATGGCGTCCTCCGATTCGCCTACG-3' (Flc-F2)

-GCAACCACTACTCCCCCCGACCGTTTCCTCCGGCGTAA-3' (B1-B2c)

-GCCGACACAGGGAGGGGCGT-3' (LPFc)
-GATGGCCACACAAGCCGCAA-3' (LPB)

HSV-2

138500 CGCCTCATGGCCTTGACCGAGGACAC GTCCTCCGATTCGCCTACGTCCGCTCCGGAGAAG
F3
138961 ACGCCCCTCCCTGTGCGGCCACT

2
GCCATGGCACCCTCAGTCGACCCAAGCGCGGAACCG

HS2F1P

HS2B1P

Fl

130021 ACCGCCCCCGEAACCACTACTCCCECCGACGAGATS

LPF

HS2LPF
HS2LPB

CGCAACGGTCGCC

g
Q
o
Q
el
3]
]
9]
1=
o
Q
3
o
Q
<
a
<]
o
=
g

5

o
=

bers are as follows: NC001806 (HSV-1 complete genome) and NC001798 (HSV-2 complete genome).

“ Names and sequences of each primer used for HSV type-specific LAMP are shown, as are locations of target sequences within the gG genes of HSV-1 and HSV-2. B2c, sequence complementary to B2; Flc, sequence

complementary to F1; LPFc, sequence complementary to LPF; B3c, sequence complementary to B3.
< Designations in parentheses correspond to definitions and sequences described in footnote a.

b Numbers at left of sequences are nucleotide positions. GenBank accession num
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the HSV-1 and HSV-2 target sequences were used to deter-
mine the assay sensitivity.

To determine the reliability of HSV type-specific LAMP for
detection of viral DNA from clinical samples, 18 swab samples
(sample numbers 1 to 18) were collected from patients with
either gingivostomatitis or vesicular skin eruptions. Swabs were
collected from patients at the outpatient clinic of the Fujita
Health University hospital and the Central Hospital of the
Tokai Medical Institute and placed into 1 ml of sterilized
water. Five swab samples (sample numbers 19 to 23) were also
collected from patients with genital herpes at Teikyo Univer-
sity Mizonokuchi Hospital outpatient clinic. Swabs were col-
lected from the lesions and placed into culture medium.
HSV-2 was isolated from all of these samples. We attempted
detection of HSV-1 and HSV-2 DNA from either post-DNA
extraction or without DNA extraction by using HSV-1-specific
and HSV-2-specific LAMP. The results of HSV type-specific
LAMP were compared with results obtained by the previously
established technique of HSV type-specific real-time PCR to
assess the reliability of the methods for the rapid diagnosis of
HSV infection.

LAMP reactions were conducted as described previously by
Notomi et al. (18) and Nagamine et al. (16). The LAMP
method requires a set of four primers (B3, F3, BIP, and FIP)
that recognize a total of six distinct sequences (B1 to B3 and F1
to F3) within the target DNA. Primers for HSV-1 and HSV-2
LAMP were designed against the HSV-1 glycoprotein G (gG)
and HSV-2 gG genes, respectively, by using Primer Explorer V
software (FUJITSU, Tokyo, Japan), the locations and se-
quences of which are shown in Table 1. Primer BIP for the gG
genes of HSV-1 (HS1BIP) and HSV-2 (HS2BIP) contained
the B1 direct sequence and B2 complementary sequence, each
specific for the respective strains. Primer FIP for the gG genes
of HSV-1 (HS1FIP) and HSV-2 (HS2FIP) contained the F1
complementary sequence and the F2 direct sequence. Primers
B3 (HS1B3 and HS2B3) and F3 (HS1F3 and HS2F3) for the
HSV-1 and HSV-2 gG genes were located outside the F2-B2
regions. As additional loop primers increase the amplification
efficiency (16), loop primers specific for the HSV-1 gG
(HS1LPB and HSILPF) and HSV-2 gG (HSZLPB and
HS2LPF) genes were also synthesized. HS1LPB and HS2LPB
contained the LPB sequence, while HS1LPF and HSZLPF
contained the LPF complementary sequence. The LAMP re-
action was performed by using a Loopamp DNA amplification
kit (Eiken Chemical, Tochigi, Japan). Reaction mixtures (25
) contained 1.6 pM each FIP and BIP primer, 0.8 LM each
outer primer (F3 primer and B3 primer), 0.8 nM each loop
primer (LPF primer and LPB primer), 2X reaction mix (12.5
ul), Bst DNA polymerase (1 ul), and 5 ul of each sample. The
mixture was incubated at 63°C for 30 min. Next, a
TERAMECS LA200 (Teramecs, Kyoto, Japan) was used to
measure turbidity after 30 min of LAMP (15). After turbidity
measurement, LAMP products were subjected to electro-
phoresis on 1.5% agarose gels. Gels were visualized under UV
light after ethidium bromide staining. To avoid contamination
between samples, different rooms were used for DNA extrac-
tion, LAMP setup, and gel analysis using filter-containing pi-
pette tips for aerosol protection. As the turbidities of five
negative samples were demonstrated to be 0.01 * 0.02, we
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FIG. 1. DNA extracted from HSV-1 (KOS)-, HSV-2 (186)-, VZV (Oka)-, HCMV (AD-169)-, HHV-6 B (Z29)-, and HHV-7 (RK)-infected cells
was amplified by using HSV-1- and HSV-2-specific LAMP to determine method specificity. The detection of LAMP products was assessed by
agarose gel electrophoresis and turbidity assay using an LA-200. Marker, 123-bp DNA ladder marker.

defined 0.1 as the cutoff value for discrimination between pos-
itive and negative samples.

Real-time PCR quantitated the amount of either HSV-1 or
HSV-2 DNA in each sample. The genes encoding HSV-1 and
HSV-2 glycoprotein G were selected for HSV type-specific
real-time PCR. The sequences of the primers and probes used
for these experiments were described previously by Pevenstein
et al. (20).

To develop an effective assay for rapid measurement of HSV
DNA content, we first evaluated the specificity of our HSV
type-specific primers. HSV type-specific LAMP was performed
on DNA extracted from HSV-1 (KOS)-, HSV-2 (186)-, VZV
(Oka)-, HCMV (AD-169)-, HHV-6B (Z29)-, and HHV-7
(RK)-infected cells. As the LAMP products contained several
inverted-repeat structures, positive samples exhibit multiple
bands of different sizes upon agarose gel electrophoresis. HSV-
1-specific primers amplified only HSV-1 DNA and HSV-2-
specific primers amplified only HSV-2 DNA (Fig. 1), and no
LAMP products were detected in reactions performed with
DNA from other viral infections. We also tested the specificity
of the primers by using a turbidity assay. The use of HSV-1-

HSV-1 ¢co

"
&
=
™
x
2

number ies/

104 1P 500 250 100 S0

Turbidity + o+
assay

specific primers elevated sample turbidity only in HSV-1
DNA-containing samples. Similar specificity was observed for
HSV-2-specific primers (Fig. 1).

We also determined the sensitivity of this method. Serial
dilutions of either pGEMHS1 or pGEMHS2 plasmid contain-
ing the target sequences determined the detection limits of
HSV type-specific LAMP. The sensitivities of the HSV-1- and
HSV-2-specific LAMP determined by agarose gel electro-
phoresis were 500 and 1,000 copies/tube, respectively (Fig. 2).
Detection by the turbidity assay, however, produced sensitivity
levels of 1,000 and 10,000 copies/tube for HSV-1- and HSV-
2-specific LAMP, respectively.

After these initial validation studies, we determined the re-
liability of this HSV type-specific LAMP as a method of viral
DNA detection from clinical specimens. Eighteen swab sam-
ples (sample numbers 1 to 18) collected from patients with
either gingivostomatitis or vesicular skin eruptions were exam-
ined (Table 2). Neither HSV-1 nor HSV-2 LAMP products
were detected in samples (sample numbers 1 to 8) from which
no HSV DNA could be detected by real-time PCR. In contrast,
HSV-1 LAMP products were detected by agarose gel electro-

1ISV-2 copy numbers (copies / tube).

.
o
&
“
5
-~

104 100 500 250 100 50
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FIG. 2. To determine the respective sensitivities of each assay, serial dilutions of pPGEMHS1 and pGEMHS?2 plasmid DNAs were amplified by
the HSV-1- and HSV-2-specific LAMP, respectively. The detection of LAMP products was assessed by agarose gel electrophoresis and turbidity

assay using an LA-200. Marker, 123-bp DNA ladder marker.
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TABLE 2. Comparison between HSV type-specific real-time PCR and HSV type-specific LAMP for detection of HSV DNA in swab samples
collected from patients with gingivostomatitis or vesicular skin eruptions (samples 1 to 18) and genital HSV infection (samples 19 to 23)

HSV-1* HSV-22
Sample LAMP (DNA extraction) LAMP (direct?) LAMP (DNA extraction) LAMP (direct®)
o, Real-time PCR result result Real-time PCR result result
{copies/tube) Agarose gel  Turbidity ~ Agarose gel  Turbidity ~ (copiesftube) Agarose gel  Turbidity ~ Agarose gel  Turbidity
electrophoresis assay electrophoresis assay electrophoresis assay electrophoresis assay
1 0 - - - - 0 - - ND ND
2 0 - - - - 0 - - ND ND
3 0 - - - - 0 - - ND ND
4 0 - - - - 0 - - ND ND
5 0 - - - 0 - - ND ND
6 0 - - - - 0 - - ND ND
7 0 - - - - 0 - - ND ND
8 0 - - - - 0 - - ND ND
9 6,350 + + + + 0 — —_ ND ND
10 9,200 + -~ - - 0 - - ND ND
11 29,450 + + + + 0 - . ND ND
12 129,650 + + + + 0 - - ND ND
13 194,050 -+ + -+ + 0 — - ND ND
14 283,000 + + + + 0 - - ND ND
15 669,950 + + + + 0 - - ND ND
16 2,629,400 + + + + 0 - - ND ND
17 3,769,650 + + + + 0 - - ND ND
18 86,136,700 + + + + 0 - — ND ND
19 0 - - ND ND 641 + + - -
20 0 - - ND ND 22,430 + + - -
21 0 - - ND ND 89,929 + + - -
22 0 - - ND ND 413,117 + + - -
23 0 - - ND ND 443,963 + + - -~
2 +, positive; —~, negative.
ND, not done.

b Swab samples were directly (without DNA extraction) used for LAMP reaction.

phoresis in the 10 HSV-1-positive samples, correlating per-
fectly with the results of real-time PCR. When the turbidity
assay was used, HSV-1 LAMP products were detected in all
but 1 (sample number 10) of these 10 positive samples. No
HSV-2 DNA could be detected in these samples by either
real-time PCR or LAMP. As rapidity and simplicity of the
method are critical for commercial and hospital laboratory use,
we investigated the requirement for DNA extraction in HSV
type-specific LAMP. Either agarose gel electrophoresis or tur-
bidity assay directly detected HSV-1 LAMP product in all 10
swab samples {(sample numbers 9 to 18) (sterilized water), with
the exception of sample number 10, regardless of the presence
or absence of DNA extraction (Table 2). As genital herpes is
another important clinical manifestation of herpes infection,
we next examined the reliability of HSV type-specific LAMP
for the detection of viral DNA in clinical specimens (culture
medium) collected from genital lesions (sample numbers 19 to
23) (Table 2). High copy numbers of HSV-2 DNA (ranging
between 641 and 443,963 copies/tube) were detected in these
samples by HSV-2 type-specific real-time PCR. Both agarose
gel electrophoresis and turbidity assay detected HSV-2 LAMP
products in all of the samples. To determine the necessity of
DNA extraction by this method, we again tried to detect
HSV-2 LAMP products in the samples with or without (culture
medium) DNA extraction. In contrast, while HSV-2 LAMP
products were detected in samples after DNA extraction, no
HSV-2 LAMP products were detected in the samples without
DNA extraction (Table 2). To determine if the culture medium
contained an inhibitor of LAMP, we attempted to detect HSV

LAMP products from both sterilized water and culture me-
dium containing plasmid DNA which contained the target se-
quences. Although both HSV-1 and HSV-2 LAMP products
could be detected in sterilized water containing the target
sequences, no LAMP products were detected in culture me-
dium containing these DNAs (data not shown).

HSV-1- and HSV-2-specific LAMP specifically amplified
HSV-1 and HSV-2 DNA, respectively, exhibiting no cross-
reactivity with other human herpesviruses, including another
member of the subfamily Alphaherpesvirinae, VZV (Fig. 1).
This specificity was confirmed by agarose gel electrophoresis
and turbidity assay. Although the capability to distinguish be-
tween HSV-1 and HSV-2 infection is not crucial for correct
administration of antiviral drugs, this discrimination is impor-
tant from an epidemiological or public health standpoint. As a
consequence of the experiment used for determination of the
assay sensitivity, it was suggested that the turbidity assay is a
less sensitive detection method than agarose gel electrophore-
sis, as previously suggested (23). However, the turbidity assay is
more appropriate for bedside monitoring due to its ease and
rapidity. Additionally, turbidity measurement of LAMP prod-
ucts allows a reduction in operation time and reduces contam-
ination risks because of the absence of agarose gel electro-
phoresis.

We also evaluated the reliability of HSV type-specific
LAMP in the detection of viral DNA from different clinical
specimens. Although HSV-1 LAMP products were detected by
agarose gel electrophoresis in 10 of the 18 swab samples (ster-
ilized water) coliected from patients with vesicular skin lesions
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and gingivostomatitis suspected as HSV infection, no HSV-2
LAMP products were detected in these samples. All five swab
samples (culture medium) collected from the lesions of pa-
tients with genital herpes contained HSV-2 LAMP products.
These results corresponded well with those from real-time
PCR analysis, suggesting that HSV type-specific LAMP is a
reliable method for the detection of viral DNA in clinical
samples. Although an HSV-1 LAMP product could not be
detected in one HSV-1-positive sample by turbidity assay, this
inconsistency is probably due to low copy numbers. As the
majority of clinical samples (e.g., skin eruptions, oral ulcers,
and genital lesions) contain large quantities of viral DNA, the
sensitivity of type-specific LAMP by turbidity assay is likely
sufficient for the evaluation of most clinical samples. More-
over, all amplification steps are completed within 30 min with
an LA-200, and it is a cheaper piece of equipment than that
required for real-time PCR, which are major advantages for
hospital laboratory use.

Interestingly, when the swabs were collected in sterilized
water, HSV LAMP products could be detected directly from
the samples without DNA extraction. In contrast, LAMP prod-
ucts could not be detected directly from the culture medium
containing viral DNA, regardless of the HSV strain. DNA
target sequences, however, became detectable in samples after
DNA extraction, suggesting that culture medium contains in-
hibitors of the LAMP reaction. As the DNA extraction step
requires approximately 30 min, omission of DNA extraction
could save both time and labor for preparing the samples for
LAMP, a major advantage for rapid diagnosis in hospital lab-
oratories. To our knowledge, this is the first report to demon-
strate direct amplification of viral DNA from sterilized water
containing viral nucleic acids without DNA extraction. We
emphasize that the swab should be placed into sterilized water
for direct amplification of viral DNA by LAMP. Direct ampli-
fication from swab samples in combination with assessment by
turbidity assay would accomplish the entire amplification
within 30 min. This system would therefore allow large in-
creases in throughput, which is highly relevant for clinical lab-
oratory use. Furthermore, as HSV DNA could be directly
detected from swab samples without DNA extraction, the le-
sions of HSV infection may contain a large quantity of naked
viral DNA as well as complete virions. Thus, direct detection of
viral DNA from swab samples may be possible by additional
DNA amplification methods such as real-time PCR. Further
investigation will be necessary to confirm this hypothesis in the
future.
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This study compares herpes simplex virus (HSV)
type-specific loop-mediated isothermal amplifi-
cation (LAMP) with virus isolation and real-time

PCR. Genital tract specimens were obtained from

25 patients with genital lesions; two swab
samples were collected from the vulva and cervix
of each patient, for a total of 50 specimens. After
culturing, 10 of 50 (20%) samples were positive
for HSV-1 and 12 of B0 (24%) samples were
positive for HSV-2. None of the patients excreted
both HSV-1 and HSV-2 virus. An original HSV
type-specific LAMP assay (30 min reaction) was
compared with virus isolation and HSV type-
specific real-time PCR. Viral DNA was detected by
LAMP in 9 of 10 HSV-1 isolated samples and 11 of
12 HSV-2 isolated samples. No viral DNA was
detected in sampleswithout virus isolation. Thus,
if virus isolation was used as the standard
method, the LAMP protocol was highly sensitive
and specific. In comparing LAMP to real-time
PCR, viral DNA was detected by the LAMP
method in 9 of 12 HSV-1 DNA positive samples
and 11 of 18 HSV-2 DNA positive samples. If real-
time PCR was used as the standard method, then,
sensitivity of the LAMP method {in particular, for
HSV-2) was low. Taking this into consideration,
the LAMP reaction was extended to 60 min. This
led to an increase in sensitivity, resulting in an
additional one and three samples testing positive
for HSV-1 LAMP and HSV-2 LAMP, respectively,
compared to the original LAMP protocol. There-
fore, the sensitivity of the LAMP method
increased to about 80%. J. Med. Virol.
75:583-587, 2005. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

Herpes simplex virus (HSV) causes a wide variety of
clinical manifestations in humans, specifically in the
skin, lips, oral cavity, eyes, genital tract, and central
nervous system. Genital HSV infection, however, is the
most important manifestation from a public health
perspective. Evaluating viral burden in genital secre-
tions is important in understanding the mechanisms of
heterosexual as well as mother-to-child transmission of
HSV and for predicting the effect of antiviral treatment.
Standard methods of HSV diagnosis include viral iso-
lation and serological assays. Both viral isolation and
serological testing, however, require substantial time to
obtain accurate results. More rapid detection can be
achieved by the modification of cell culture techniques,
by centrifugation of inocula on cell monolayers, and the
use of immunofluorescence microscopy [Espy et al,
1991]. Recent studies have suggested that the detection
of HSV DNA by polymerase chain reaction (PCR) in-
creases the sensitivity of detection relative to antigenic
detection or cell culture methods [Cone et al., 1991,
1994; Lakeman and Whitley, 1995; Kimberlin et al.,
1996; Mitchell et al., 1997]. While quantitative analysis
of viral DNA by real-time PCR may become a valuable
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tool for bedside monitoring of HSV infection and
progression [Pevenstein et al., 1999; Ryncarz et al,
1999; Espy et al., 2000; Kessler et al., 2000; Aldea et al.,
2002; Ndjoyi-Mbiguino et al., 2003; Asanoet al., 2004}, it
is not yet common in hospital laboratories due to the
requirement of specific expensive equipment (a thermal
cycler).

Recently, Notomi et al. [2000] reported a novel nucleic
acid amplification method, termed loop-mediated iso-
thermal amplification (LAMP), which amplifies DNA
under isothermal conditions with high specificity,
efficiency, and speed. The most significant advantage
of LAMP is the ability to amplify specific sequences of
DNA at temperatures between 63 and 65°C. The techni-
que therefore requires only low-cost equipment that is
amenable to use in hospital laboratories. Recently pub-
lished reports have suggested that this method could
potentially be a valuable tool for the rapid diagnosis of
infectious diseases [Enosawaet al., 2003; Iwamoto et al.,
2003; Kuboki et al., 2003; Thira et al., 2004; Parida et al.,
2004; Schmutzhard et al., 2004; Yoshikawa et al., 2004]
including HSV [Enomoto et al., in press]. Although an
HSV type-specific LAMP was developed previously, the
clinical value of this method compared to virus isolation
or HSV type-specific real-time PCR remains to be
assessed. In this study, the aim was to compare HSV
type-specific LAMP to virus isolation and real-time PCR
for the detection of virus in genital swab samples.

MATERIALS AND METHODS
Patients and Clinical Samples

Genital tract specimens were obtained from 25 pa-
tients (mean age: 35+ 12), seen at Teikyo University
Mizonokuchi Hospital, with ulcerative lesions on their
vulvae. Two swab samples were collected separately
from the vulva (with lesion) and cervix (without remark-
able lesion) of each patient. Thus, 50 specimens were
collected. Swabs were placed into a vial containing 1 ml
virus-transport medium, and 200 pl of each sample were
used for virus isolation. The remainder of each sample
was stored at —20°C until processed (for amplification of
HSV DNA). Virus isolation was carried out at Teikyo
University. Subsequently, DNA extraction, HSV type-
specific LAMP, and HSV type-specific real-time
PCR were carried out at Fujita Health University by
different technicians without information about the
virus isolation.

Virus Isolation

Specimens (200 pl) removed from virus transport
medjum were immediately centrifuged at 2,000 rpm for
10 min at 4°C, after which the supernatant was used to
inoculate bottle cultures of Vero cells. The cultures were
incubated at 37°C and observed daily for cytopathic
effects. If any cytopathic effect was noted, cells were
harvested and stained with FITC-labeled mouse mono-
clonal antibodies against HSV-1 or HSV-2 to identify the
HSV type [Kawana et al., 1982].

Sugiyama et al.

DNA Extraction

DNA was extracted from 200 pl of sample using a
QIAamp Blood Kit (Qiagen, Chatsworth, CA). After
extraction, DNA was eluted in 100 pl buffer and stored at
—20°C.

HSV Type-Specific LAMP

LAMP reactions were conducted as described by
Notomi et al. [2000] and Nagamine et al. {2002]. The
LAMP method requires a set of four primers (B3, F3,
BIP, and FIP) that recognize a total of six distinct
sequences (B1-B3, F1-F3) within the target DNA.
LAMP primers for HSV-1 and HSV-2 were designed
against the HSV-1 gG and HSV-2 gG genes, respec-
tively, using Primer Explorer V Soft Ware (FUJITSU,
Tokyo, Japan). These primers are described elsewhere
[Enomoto et al., in press]. The LAMP reaction was
performed using a Loopamp DNA amplification kit
(Eiken Chemical, Tochigi, Japan). Reaction mixtures
(25 pl) contained 1.6 uM each of FIP and BIP primer,
0.8 uM of each outer primer (F3 primer and B3 primer),
0.8 uM of each loop primer (LPF primer and LPB
primer), 2x reaction mix (12.5 pl), Bst DNA polymerase
(1 pb), and 5 pl of each sample. Next, a TERAMECS
L.A200 (Teramecs, Kyoto, Japan) was used to measure
turbidity after 30 (original HSV type-specific LAMP) or
60 min (modified HSV type-specific LAMP) of LAMP
[Mori et al., 2002]. To avoid contamination between
samples, different rooms were used for DNA extraction
and LAMP set up, using filter-containing pipette tips for
aerosol protection.

Real-Time PCR for HSV-1 and HSV-2

Real-time PCR was used to quantitate the amount of
either HSV-1 or HSV-2 DNA in each sample. The genes
encoding HSV-1 and HSV-2 glycoprotein G were select-
ed for HSV type-specific real-time PCR. The sequences
of the primers and probes used for these experiments
were described by Pevenstein et al. {1999]. PCR
reactions were performed using the TagMan PCR Kit
(PE Applied Biosystems, Foster City, CA) according to
the manufacturer’s directions. Standard curves mea-
suring HSV-1 and HSV-2 DNA concentrations were
constructed using Cp values obtained from serially
diluted plasmids, pHS1TA and pHS2TA, respectively,
which contain the target DNA sequences. The Cp value
from each sample was plotted on the standard curve,
allowing automatic calculation of the copy number using
Sequence Detector v1.6 software (PE Applied Biosys-
tems). Each sample was tested in duplicate; the mean is
represented as the copy number for each sample.

RESULTS

The results of virus isolation, HSV type-specific
L.AMP, and real-time PCR are summarized in Table L.
By culture, 10 of 50 (20%) samples were positive for
HSV-1 and 12 of 50 (24%) samples were positive for
HSV-2. None of the patients excreted both HSV-1 and

-140-



