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TABLE 1. Results of Virus Isolation, LAMP, and Real-Time PCR

No. of positive/no. of tested (%)

LAMP
Virus Site of sampling  Virus isolation 30 min 60 min Real-time PCR
HSV-1 Cervix 2/25 (8) 1/25 (4) 2/25 (8) 4/25 (16)
Vulva 8/25 (32) 8/25 (32) 8/25 (32) 8/25 (32)
HSV-2 Cervix 0/25 (0) 0/25 (0) 2/25 (0) 6/25 (24)
Vulva 12/25 (48) 11/25 (44)  12/25(48) 12/25 (48)

LAMP, loop-mediated isothermal amplification.

HSV-2. Eight HSV-1 isolates were recovered from
vulvae with ulcerative lesions, and the remaining two
isolates were recovered from cervixes without remark-
able lesions. HSV-1 was concurrently isolated from the
vulvaein the two patients shedding virus into the cervix.
Thus, 8 of 25 (32%) patients shed HSV-1 in genital
lesions. Meanwhile, all 12 HSV-2 isolates were recov-
ered from the vulva. Twelve of 25 (48%) patients shed
HSV-2in genital lesions. Neither HSV-1 nor HSV-2 was
isolated from 5 of the 25 (20%) patients.

The original HSV type-specific LAMP (30 min reac-
tion) was compared with virus isolation and HSV type-
specific real-time PCR (Table II). Corresponding viral
DNA was detected by LAMP in 9 of 10 (90%) HSV-1
isolated samples and 11 of 12 (92%) HSV-2 isolated
samples. No viral DNA was detected in samples without
virus isolation. Thus, if virus isolation was used as the
standard method, sensitivity (HSV-1; 90%, HSV-2; 92%)
and specificity (HSV-1; 100%, HSV-2; 100%) were high.
Meanwhile, in a comparison of LAMP and real-time
PCR, corresponding viral DNA was detected by LAMP in
9 of 12 (75%) HSV-1 DNA positive samples and 11 of 18
(61%) HSV-2 DNA positive samples. Again, no viral
DNA was detected in samples that were negative by
real-time PCR. Therefore, with real-time PCR as the
standard method, the specificity (HSV-1; 100%, HSV-2;
100%), positive predictive value (HSV-1; 100%, HSV-2;
100%), and negative predictive values (HSV-1; 93%,
HSV-2; 82%) were high, but sensitivity of the LAMP
method (in particular, to HSV-2; 61%) was low.

Because the sensitivity of this original HSV type-
specific LAMP seemed low, the LAMP reaction period

was extended to 60 min. This modified HSV type-
specific LAMP (60 min reaction) was then compared
with virus isolation and HSV type-specific real-time
PCR (Table IIT). The modified LAMP protocol resulted in
an additional one and three samples testing positive for
HSV-1 LAMP and HSV-2 LAMP, respectively, as com-
pared with the original LAMP protocol. Thus, HSV-1
DNA was detected in one sample without virus isolation
and HSV-2 DNA was detected in two samples without
virus isolation by the modified LAMP method. If virus
isolation is used as the standard method, then as the
number of false-positive samples increased, the positive
predictive value decreased slightly (HSV-1; 90%, HSV-
2; 86%) in comparison to the original LAMP method.
Furthermore, in comparing LAMP and real-time PCR,
one HSV-1 DNA negative sample and three HSV-2 DNA
negative samples became positive for the corresponding
viral DNA by the modified LAMP method. Therefore,
sensitivity of the modified LAMP method increased to
about 80% (HSV-1; 83%, HSV-2; 78%).

DISCUSSION

In the present study, the reliability of an HSV type-
specific LAMP assay developed recently in our institute
was evaluated for detection of genital HSV infection in
comparison to virus isolation and a previously estab-
lished real-time PCR assay. To assess precise reliability,
virus isolation and amplification of viral DNA by either
LAMP or real-time PCR were carried out in different
laboratories without sharing information. In patients
with genital HSV infection, it has been suggested that

TABLE II. Comparison of 30 Min LAMP Reaction (Original HSV Type-Specific LAMP) to Virus Isolation and Real-Time PCR

No. of samples with a
standard method

Standard Results Total no. of Sensitivity  Specificity PPV NPV
method Virus of LAMP  Positive  Negative  specimens (%) (%) (%) (%)
Virus isolation HSV-1  Positive 9 0 9 90 100 100 98
Negative 1 40 41
HSV-2 Positive 11 0 11 92 100 100 97
Negative 1 38 39
Real-time PCR  HSV-1  Positive 9 0 9 75 100 100 93
Negative 3 38 41
HSV-2  Positive 11 0 11 61 100 100 82
Negative 7 32 39

PPV, positive predictive value; NPV, negative predictive value.
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TABLE III. Comparison of 60 Min LAMP Reaction (Modified HSV Type-Specific Lamp) to Virus Isolation and Real-Time PCR

No. of samples with a
standard method

Standard Results of Totalno.of Sensitivity Specificity PPV NPV
method Virus LAMP Positive Negative  specimens (%) (%) (%) (%)
Virus isolation  HSV-1 Positive 9 1 10 90 98 90 98
Negative 1 39 40
HSV-2 Positive 12 2 14 100 95 86 100
Negative 0 36 36
Real-time PCR HSV-1 Positive 10 0 10 83 100 100 95
Negative 2 38 40
HSV-2 Positive 14 0 14 78 100 100 89
Negative 4 32 36

PPV, positive predictive value; NPV, negative predictive value.

HSV is excreted not only in the vulva by ulcerative
lesions, but also in the cervix without remarkable
lesions (Kawana et al., 1982]. As we expected, a small
number of samples collected from cervixes without
remarkable lesions contained infectious virus particles
or viral DNA.

As suggested in previous studies [Espy et al., 2000;
van Doornum et al., 2003; Wald et al., 2003; Schmutz-
hard et al., 2004], the sensitivity of real-time PCR was
clearly higher than that of virus isolation for the
detection of HSV infection. Meanwhile, the sensitivity
of the original HSV type-specific LAMP protocol appears
low, as its sensitivity is nearly the same as virus
isolation (Table II). It has been suggested that, during
LAMP, turbidity gradually increases due to the rising
numbers of amplified product [Mori et al., 2002]. There-
fore, an increase in the LAMP reaction period may result
in improved sensitivity. As expected, extending the
LAMP reaction to 60 min (modified HSV type-specific
LAMP) improved the sensitivity of detection of virus
infection (Table III). Finally, the sensitivity of the
modified HSV type-specific LAMP was higher than that
of virus isolation and slightly lower than that of real-
time PCR. In particular, the sensitivity of HSV-2 LAMP
was low in comparison to HSV-2 real-time PCR. A
further increase in the reaction period is not practical
for rapid detection of viral infection. As reported
previously [Enomoto et al., in press], the sensitivity of
the original HSV-2 LAMP method was lower than that of
HSV-1 LAMP. Therefore, modification of primer design
might be necessary to improve its sensitivity in future
analyses.

As effective antiviral treatments have drastically
improved the prognosis of patients with severe HSV-
associated diseases, early diagnosis and administration
of antiviral drugs are critical for patient’s management.
Antigenic detection by immunofluorescence of swab
specimens and PCR-based detection of viral DNA in
clinical samples are currently the most popular methods
for rapid diagnosis of HSV infection. Although antigenic
detection of HSV can be carried out in hospital
laboratories, this method’s sensitivity is not sufficient
for the detection of active viral infections. Meanwhile,
real-time PCR is highly sensitive and sufficient for the

diagnosis of viral infections, but has not become routine
in most hespital laboratories due to expensive equip-
ment requirements. Therefore, samples must be sent
out' to commercial laboratories . for real-time PCR
analysis, and in Japan, it takes 2—4 days to obtain final
results. Although modified HSV type-specific LAMP is
less sensitive than real-time PCR, it could be carried out
in hospital laboratories because of its lower cost. This
method is also faster than real-time PCR and has a
similarly low contamination risk due to the closed
system of the turbidity assay. Moreover, it has been
suggested that direct amplification of viral DNA could be
accomplished by the LAMP method from samples
without DNA extraction [Okamoto et al., 2004]. The
modified HSV type-specific LAMP, in combination with
direct amplification from swab samples immersed in
sterilized water, would therefore greatly increase
throughput, an important factor for clinical laboratory
use. However, as direct amplification slightly decreases
the sensitivity of the LAMP method, large numbers of
prospective analyses using samples in sterilized water
should be carried out to confirm its effectiveness in the
detection of genital HSV infection.

In summary, the reliability of an HSV type-specific
LAMP protocol was compared with virus isolation and
real-time PCR. Although the sensitivity of the original
HSV type-specific LAMP method was low for the
detection of viral infection, the sensitivity of a modified
60 min HSV type-specific LAMP reaction was signifi-
cantly higher than that of virus isolation, albeit slightly
lower than that of real-time PCR. Although this study
presents only preliminary results, the study suggests
that the modified HSV type-specific LAMP may be a
valuable tool for a rapid diagnosis of genital HSV
infections.
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Studies on Type-Specific Serodiagnosis of Women with Primary Genital Herpes
Simplex Virus Type 1 or Type 2 Infection

MHERX

mEXE & &

Mika NISHIZAWA Takashi KAWANA Teruo MURATA
mmH g

Osamu NISHII

TMEMESEA LR 2 DABRBUC DNT . BRINILRZRDILRA (HSV) DREICZH D glycoprotein G HIR
(gG-1. gG-2) ZBL\EFURRIE ELISA ZARNT., SENIIEZWOTRMZRST LS. BISICIERD DA
WBSNTULSD HSV ARZEBLVE RN HSV FiEDEHZETORUZ. HSV-1 (2 R DBEPITIlE. gG-1
FAEHBE LSS0, & 388 41.2%. 5 4~5 B8 42.1% CTHDE. HSV FilklEsE 2 BET 100%E1 =
RUBo HSV-2 2K DB TIE. gG-2 FADBELEEDIE. F 3 BB 83.3%. 5 4~58E 100%T
B HSV FEIFE 4~5 BET 90.9%BM B DB, gG FRZERL VZRFRNEZMIL HSV-2 BRERBITIX
FERTEETH DEHS HSV-1 BB TIS BO%RZE TH Do

Type specific serodiagnosis of patients with primary genital herpes simplex virus infection was performed by
ELISA kit using glycoprotein G (gG-1 or gG-2) as antigen. In patients with primary genital HSV-1 infection
antibodies to gG-1 were detected in 41.2% at 3 weeks and 42.1% at 4-5 weeks respectively after the onset of
the disease respectively. The antibody for whole HSV~1 fysate was positive in all cases at 2 weeks. In patients
with primary genital HSV-2 infection antibodies to gG-2 were detected in 83.3% at 3 weeks and 100% at 4-5
weeks after the onset of the disease. The antibody for whole HSV-1 lysate was detected in 90.9% at 4-5
weeks. Type-specific serodiagnosis using gG antigen was possible for almost all cases of HSV-2 infection but

in half for HSV-1 infection.

Key words : Type-specific serodiagnosis, Primary genital herpes, Herpes simplex virus type 1 and type 2,

ELISA, Antibody to gG
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LD HSV BRIVBIRERRE UEFFREN HSV FifER)
T ELISA EICDWTh RS LiE,

WRETE

1. W&

1996 F£~2004 EDREICEARDRARUHRAED
RERERARZEIN. HSV ODBEC KD TMMENIL
NRAEBHEN. RERBCHEKDSIEETH OE DR
33FlIENRELE, CNOHOIEBIDDE 30 BllCiE?
=70l 200mg 1 B8 5BZEAL. 3FICIE/NND
0L 500mg 1 B 2 @&A(L\. 5~10 BEDBEE
G Yty

HSV-1 Z=DBELE 21 BIISHZELARE 8 BRIDEIC
2@85 4 @. WY 2.3 ODOFREESHY . &5 60 BK
ZERELZo

HSV-2 Z#D8tL7E 12 BRI 8 BRIDEIC
2@1H5 4@ WY 2.7 QDKL HY . Bt 32 &K
MU,

OB CEBOAEREE/ CIMBEZEERIMLE,

2. DTIVADDRECTRE

D )L ZADDRESHREE D DEMUERMEZE Vero &
X R-66 BIBICEBREBL. 37°C b%CO,IBERETIBE
EiRT. HREMYRIBMICEDERT FITC &
HSVE/20O0—FILiuE (FHOEMREE AL
1.2 FASE MER] FEE. /1R Micro Trak
Herpes) ZR\TEXPEL CAESBOREETD
Zo

3. MUEHIERIRE

B EEE—-40C CRELTBVNEBDZRER
(CBEULRLE,
a) FFEERH HSV IgG NEAIRE

FUNEMAR AR 1gG (ID-EIA &5 =8
LVEo SNUE HSV-1 RBRFABIAD lysate ZRURE L TE
HU TU\AEBEICEKD ELISAET. HSV QEICHD
5T HSVIZNT 2 IgG il TEHEEnNTN
5, AEETMINECHNIV~O—)LEIE (3>
~O—INANIURZ 1gG (1D TR D OB8IR7ZERBVN TR

98

-146-

EIIBEPOFURMBEZERDIE, TUAED 4.0 UEDREZE
B CHRELE,
b) BREN IgG FkE

FOCUS ®d® HerpeSelect-1 ELISA IgG (R Her-
peSelect-1 &I8) HKRU FOCUS A&  HerpeSelect-
2 ELISA IgG (BUF HerpeSelect-2 &8 ZRUVE,
HerpeSelect-1 & gG-1 #1 fR. HerpeSelect-2 & gG
2 REH T I ENTVDEEERICED
ELISA AT IgG FlEZE ENFNEET Do gG [E HSV
-1 & HSV-2 TORESFEVERNZHEFFENIC
RAEOBHETTEES B BNTNNDY, AEEBIU
Cut-off BEDREIFIMUNEBCHL\. BEERABZENIE
D Cut-off B ~O—ILORNKE TE FUsBEXK
H. FURMES 1.10 KDKREWBEZEBM EHUEL S,

4. BYEROBER

vEaERREL. 188, %2868, #3868,
E4B~-5BE. £6:8~7BE. E8EELUEDG6
DO TSHEONRBMRZESTR L2183,
[MEDHES 6 RS THREITEAD DEDT, B
BERENTUVVEVWEBOYRER. —BEEICEDED
DEiBt (Table TlR+ERM) L. BECERED
RO/ M (Table TlA—&RTD) EUE. BMED
SBHICRDFTORTRIOSNTULVENVEDHUETE
BULNBE (Table TP ERR) CNBZERVTHBIEXR
ZEIB L2,

1. HSV-1 DBRLpc B2 MBEBREORBRNEL
(Table 1, 2)

Table 1 12 21 FIOFURBEDRHNE L Z I ITRIA
K (HSV). gG-1 [ZNTBHuUA (gG-1). gG-2 [ENT
DHUA (gG-2) IZNDIFTRUIE, Table 2 ICCNHDEH
EHEBDERUE.
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HSV-1 infection

Table 1 IgG antibody against herpes simplex virus over time after primary genital
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Table 2 Seroconversion rates in patients with primary genital HSV-1 infection

antigen w 2w 3w 4~5W 6~7TW sW~

HSV 0/21 0% 13/13  100% | 17/17 100% | 19/19 100% | 20/20 100% | 20/21 95.2%
gG-1 /21 0% 4/18 22.2% | 7/17 41.2% ‘8/19 42.1% | 10/18 55.6% | 10/12 83.3%
gG-2 0/21 0% /21 4.8% | 1/19 5.3% | 1/17 5.9% | 1/12 8.3% | 1/3 33.3%

TWSEDHBRRBEEISNDDTINERIE. i
ABIE 3.8 52225 CHMLII 9.7 THDIZ. 6
BEMBRICEDTSH 12810 IgG BERME. ¥y
10.4 THD=o
b) RUSERN IgG Ak (gG-1 Flk)

gG-1 HAld. 552 BET 22.2%(4/18). & 388
T41.2% (7/17). B84B~E58B T42.1% 8/
19). £6B~FE 7 BET5H5.6% (10/18) HBMT
HOE, £ 3BLRTIE 83.3% (10/12) THEH.
MBEAEEL TOWBWEHURTERWEL 9 BloD
DTZOBOEBHIEL . 5 3 BECHBELEHRE 4
BETEMERDER (723) H18HDE, FiE.
# 853 ([F HSV-1 BB TH D5 2 BE L 88
BZIZ gG-2 CNT DR EERICREENE,.
c) gG-1 FACIERREN HSV & DRRE

HSV kR 38 MBED S5 gG-1 FHABHIE 14
M5 (36.8%) T HSV HuAkEMd 1 1B gG-1 Hulk
EREMTH DI, HSV FEOHEES 11.0 ILEDR
gG-1 HitklE 75% (9/12) B, 159 BAET gG-1#H
{KIE2T (6/6) BHETH D,

2 . HSV-2 BRFER BT DIBHABDORIFE
it (Table 3, 4)

12 PIOTHABORFNE{LE Table 3 (2. Z2D& L
H%E Table 4 2L,
a) FHRM IgG Hitk

£28BET85.7% (6/7). £3IBET88.9% (8/
9). 5 4 B~ 5 BET 90.9%(10/11). & 6 B~
78BBT100% (11/11). & 8 @BMUET 100% (12/
12) OBMERTHDE, &2 BEMUROD 20 IIBCSH
(T BB 3.0 55 240 FTHML. FY116T
Bk,
b) RN IgG ik (gG-2 il

gG-2 FUADIRFREBMRIE. 5 2 BET 71.4%5/

100
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7). £E3BET83.3% (5/6). £4B~EHBEET
100% (9/9). & 6 B~% 78T 100% (11/11).
EQBEMET 100% (12/12) THDIE, gG-1 FulxD
BHENERRED D,
c) gG-2 PR IERBEN HSV Tk E DEE

HSV FUakRE 18 BID>5 15 Bl (83.3%) ' gG-2
PEBM THDE, HSV K 9.0 L ERTNRT gG-2
RETBETH DES . 2 R (882, #801) DINE
T gG-2 TR BHTH DED HSV TR TS D

MBIV A DR EBIMDAESZM D TREME I DN T

MBI R ADBERBIT DIV AEDBEL THSV
DRZERTE LIZERIC DUV THERRTZ(T D12, [IAESZHTD
FREHIDHDEFDUREM BB ZRITDEHICHT
BAICTNRONEBSRND DRERE DS ZE HD
CETHDe LOUMSBNINRADZIIBRTHD.

ABRREEDH D EFEUANVDZCERO SEmL
TUWRITNEBSEBED. 8 FRIDMHSENINIEBE
181 BIDSBD 33 M EEFDIE, Ashley-Morrow
57 61BREIC 2 QM EHEMTEEAZ DWNTHUED
BMHRERS L ERSES DD, MBAFICDNTS
BEMACEROOHEMZET DT HSY RECBBRN
BIEO#BZERS L EBSIEEORANERNT I
EHBDNBN. RN FERFEN HSV FUEBHZES
BRENTU\DY, BRAEEIZ Gull TORREL SR
B HSV IR WS I DNWTIRESIL s & C ARED
HDEHMBBLY, HerpeSelectGt MRL) O AEBN
TLWS YL TSOOMRZET OE. SODBERZEN
TTDEFE 1 DKRDICBD. HSV-1 RERFZ DU
THFEBICHBT &, FEREIR HSV TR TsE 28
BIZ 100%BILL EDIC L. BISES HSV-1 FlsdD
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Table $ IgG antibody against herpes simplex virus over time after primary genital HSV-2

infection
1D antigen 1w 2w 3w 4~5W 6~7TW sW~
1 734 HSV 1.0 7.4 + + + N
gG-1 0.04 0.04 ? ? ? ?
gG-2 0.07 0.67 ? ? ? ?
2 747 HSV 1.2 ? ? 10.0 + +
aG-1 0.03 - - 0.02 ? ?
aG-2 0.03 ? ? 2.43 + +
3 802 HSV 1.1 ? 8.8 + 16.0 +
gG-1 0.03 - 0.03 - 0.05 ?
gG-2 0.26 - 1.08 ? 1.53 +
4 860 HSV 1.4 ? ? ? 7.8 124.0 146
gG-1 0.38 - - - 0.08 0.10 0.07
gG-2 0.15 ? ? ? 1.13 8.001 6.01
5 797 HSV 1.6 ? ? 10.0 + +
gG-1 0.11 - - 0.19 ? ?
gG-2 0.08 ? ? 2.46 - + +
6 882 HSV 0.1 - - 3.9 ? ?
gG-t 0.03 - - 0.01 ? ?
gG-2 0.14 ? ? o152 -+ +
7 741 HSV 1.0 5.0 + 13.5 + +
gG-1 0.10 0.10 - 0.08 ? ?
gG-2 0.45 0.55 ? 8.001 + +
8 790 HSV 1.1 9.4 C 17:0- 18.5 +
gG-1 0.20 0.18 - 0.19 0.19 ?
aG-2 0.11 #1574 + . .8.78 . 4.27 -+
9 856 HSV 2.1 TR i o+ 21.8 +
gG-1 0.34 0.20 - - - 0.36 ?
gG-2 0.08 - :3.B4 Lotk C+ 6,42 C
10 801 HSV 1.0 3.0 N e S +
gG-1 0.08 0.08 | 0.08 ? ? ?
gG-2 0238 | 386 | BS0C e o A ]
11 847 HSV 2.1 ol e i i Lok e
gG-1 0.06 0.01 2 2 7 ?
gG-2 0.14 | 0.8l S g S
12 | 725 HSV 3.4 N T BRI N ik
gG-1 0.0 0.07 ? ? ?
qG-2 0.11 vouggl T T e g S
Table 4 Seroconversion rates in patients with primary genital HSV-2 infection
antigen w 2w 3w 4~5W 6~7TW 8W~
HSV 0/12 0% 6/7 85.7% | 8/% 88.9% | 10/11 90.9% | 11/11 100% | 12/12 100%
gG-1 0/12 0% 0/12 0% | 0/9 0% | 0/8 0% | 0/4 0% 0/2 0%
gG-2 0/12 0% 5/7 71.4% | 5/6 83.3% | 9/9 100% | 11/11 100% | 12/12 100%

BEEKE 22. 2% E<, 54 B8~ 5 BET 42.1%.
%6 @~ 7 BB TH 55.6%E. XXM HILES
TERBHDE. Ashley-Morrow Sl HSV-1 AREHEY
TldmZ% 26 BT 50%4. 60 BT 70% 5 BHT D&
L AFRIDERREVBREERSEL TLWDHIEIR
BUIEBTH 2D, —75 HSV-2 DARRRBIC ST,
% 4 B~5 5 BB THSVAKDBERIE 90.9%. &
RN HSV-2 FURDBERE 100%ZR L £55
DHETHINEZM T TURETH DR, LIRD Ashley-

101

-149-

Morrow SDEETIIRERE 21 BT 50%4. 508T
8% HBE L TN FEAMAREBUIARTH Do

HSV-1 DR 21 BIDD5 16 (4.8%) TgG-1 12
T DHUERDEET S HONE (# 723)0 CDXDE—E
MEDIEERH HSV-1 ORERD 10%ICHDNE DR
St BV IIEZMORICERT DNENHD. HSV R
A 3 BBICHME 100.3 &BDER (# 843) HX
U 2 BEICHTUME 92.0 B DRI 85 1E. €D
HUDERD 2 BELIEOFABONIL 9.7, b BB
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Fig. | Seroconversion rates of non-typespecific and type-specific antibodies against herpes simplex virus (HSV)
in patients with primary genital HSV infection
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ZEPD. gG-1 TUHEDHRIZHRMED IV BNETD
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LT gG-1 DRREDDBNZHRBREMMED DE
CEHEZIBND, —5. HSV-2 DRBARRITE HSV R
1K 9.0 IET gG-2 Fild A2 TBHENTD, 2OK
312 gG-2 FBEHRODEHEREL TSR, BEbL
FRM R \EH D HRT DRRESBZNEHEERD
N, HSV HEkEtED 2 Bl (# 882, #801) TgG-2
B AERLED. HSV FRAIEF v~ HSV-2
(2T BDFHROBHRES B \TEEM T HD. CDF YV
i3 HSV-1 ORRHBIAD lysate ZRVNTNDEHE
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