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Background : The serological diagnosis of herpes
simplex virus type 2 (HSV-2) infection has pitfalls, in
that most of the antibodies against HSV-2 cross-react
with HSV-1 and the prevalence of HSV-1 infection is
high, especially in Korea. In this study, we tried to
establish the serological diagnostic method, which could
detect and measure the specific antibodies against HSV-
2 by competitive immunofluorescent staining method as
well as competitive ELISA based on the specific mono-
clonal antibody, MH2-7.

Methods : Immunofluorescent staining and western
blot analysis were used to characterize the antigens re-
cognized by MH2-7. Competitive immunofluorescent sta-
ining (IF), competitive enzyme immunoassay (ELISA),
and western blot analysis were used to detect specific
antibodies against HSV-2 in patients’ sera.

Results : In western blot analysis, the sera from two
of six patients clinically diagnosed as genital herpes
showed characteristic band patterns, which have been
known to be compatible with HSV-2 infection. In com

petitive immunofluorescent staining, only the sera from
the two patients clinically diagnosed as genital herpes
and with characteristic band pattern showed competition
with MH2-7 monoclonal antibody. The dilution range of
the serum showing specific competition was between 1 :
10 and 1:80. Competitive ELISA was also performed
and evaluated as the diagnostic efficacy as ELISA has
been known to be advantageous over IF staining in
mass screening. The result showed linear dose-response
relationship for the patient’s sera in inhibition of the
reactivity of MH2-7.

Conclusion : We suggest that the competitive im-
munofluorescent staining method and competitive ELISA
based on the specific monoclonal antibody MH2-7 is a
simple, accurate, and precise method, which can be used
in serological diagnosis of HSV-2 infection (Korean J
Infect Dis 31:309~316, 1999).

Key Words : Herpes simplex virus type 2 (HSV-
2), Monoclonal antibody, Immunoflu-
orescent staining, Competitive ELISA
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2. HolHA

HSV-2 G strain(ATCC VR734)S ZFF vlo|HAFE A
L3l o, thz ulo]g] AFEE HSV-1 Mackntyre strain
(ATCC VR539), human cytomegalovirusetHCMV) AD169
strain(ATCC VRS538), Epstein-Barr virus(EBV) EB-3 strain
(ATCC CCLS8)Y),
(ATCC VR586)= A-&-s19ich

varicella-zoster virus(VZV) Ellen strain
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HSV-20 Solebll whSehs SAlEEEAl MH2TH
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DEAE-Sephacel ion exchange chromatographyS o]-8-&lo] %
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4. HSV-29| H{QF ql o7} HA

SFAEE 10% FHloldH o] Fol9de EMEM(Eagel mo-
dified minimum essential medium) ®jA| & o]-g&}o] wujoksl
Vero A|EE A8sl9ch A7 100 mm FHIb, EE= 24 well
woftell SFAEE widst 3wl A7irk AR vlolH
2 S AFHAL 2417 B9 FRAF Y Al S4F
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A|Zol| nlo]|HAE ARt 34 slo] HZEs]laL methylcellulose-
EMEMS $353 & AlEgdo] vehtd T35 AAR 2
o3 FE SRk 34 w2 27 welld Z42e] &
gt 5 Ale] Bg 7 34 viiE gste] U
plaque forming unit(PFU)-& AJAlsl3ich

5. Western blot analysis

HjFH Vero Aol wlo]#]2E ZHIAl7|a CPEZL e}
1} 1% Nonidet P-40(Sigma Co., N3516), 50 mM Tris-
HCI(pH 8.0), 1 mM EDTA, 0.15 M NaCl, 0.5% deoxychol-
ate(Sigma Co., D6750), 1 mM PMSF(Sigma Co., P7626)=
TAE AEFE9FEN(ysis buffer) & 7heto] AES Eaf
Al7]3L o]F 10% gel SDS-PAGEE o]gslo] whighele
BHalslodel Eegl®l &S nitrocellulose membraneol] A A}
A7) A Yo g MH2-7 SHAZFEA] EE 1:100 ©
2 345 3z} ¥4, o]x} ¥H|E alkaline phosphatase-
conjugated rtabbit anti-mouse Y=+ human IgG(Promega)E- *]
2latlet. A vhg- NBTS} BCIPE A-8-sl3icth
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miz 57} BEold AL 40 p14 BFsjel 1247 B
SefodAgol 109% E4hx RPMIAolA] vloket & %ol
Agisle.
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2) Ara-C

Ara-C20 pg/ml) 50 & wlole=E FHA7]7] 24417
Aol 2 wellol] 7ele] AAelela vhiA) gL 1%t 5
el Ashetick

3) Cycloheximide2} Actinomycin-D
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5 Agstdel 2 8kH= peroxidase conjugated anti-mouse
IgGE A&l vk uk22 o-phenylene diamineS A&

shaict.
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1. MH2-70] 2tSsl= &e 84

MH27 SLAEZEAS Soldg #elebs] slal hees
simplex virus type 1(HSV-1)Z} type 2(HSV-2), varicella zo-
ster virus(VZV), Epstein-Barr virus(EBV), human cytome-
galovirus(HCMV) &2 7+l A|ZE spot slideol] coatingdl %
MH27E 97 G2 ol gsto] melaigelag Aldegl
v} 2 A7 MH2-7S HSV-27F 7bedsl A Eolut vk-2319)
o HSV-13} X35 Holx| ki MH2-73 wh-3-3)
= 9 7" AEY AlxAol A8l chFigure 1).
MH2-7 A7} QAske 99 SA4S shetslr] Sl
uhg dlo] wWEE AVIE dulold2AlE o] &t &
ohustel. AZ W el A% w9} o] cycloheximid,
actinomycin-D, phosphonoacetic acidE- o|gslo] nlo]g]x
24 F% 30 Awstel 2 Al F7]Gmme
diate early), %7|(early), "t7](late) LS Flc) o=
MH27E 9 G2 ol gsto] medaielug Algegl

v} 7 Az} MH2-7& HSV-2 24] Z7]9] ubyof] vehls
ScH(Figure 2).
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Figure 1. Immunofluorescent staining of various herpes
virus-infected cells with MH2-7 monoclonal antibody. Each
host cell was infected with the indicated virus. When the
cytopathic effect (CPE) appeared, the cells were detached
from culture flask and coated on the spot slide. Immuno-
fluorescent staining was performed as described in the
Materials and Methods. Greenish yellow cytoplasmic mass
was observed only in the HSV-2-infected cells.
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2. Western blot analysis

MH2-7 g &<19] #Ads ZAAst7] Sl 2edd Al
EE FalA7]aL o] 5 10% SDS-PAGEE o]gslo] whuidt
B A At Hg] = nitrocellulose membraneol] AAsE
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Figure 2. Immunofluorescent staining of HSV-2-infected
cells; cells were treated with antimetabolite including
cycloheximide (A), actinomycin D (B) and phsophonoactic
acid (C) prior to virus inoculation with MH2-7. Each
antimetabolite was treated as described in Materials and
Methods. Greenish yellow cytoplasmic mass was seen in
the cells without treatment (D), indicating that the Ag reco-
gnized by MH2-7 could be the late Ag.
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Figure 3. Western blot analysis of the herpes virus infected
cells using the patients’ sera as the probe. Each cell lysates
obtained from HSV-1 and HSV-2 was subjected to the 10%
acrylamide gel SDS-PAGE. The separated bands were then
transferred to nitrocellulose membrane. The sera from
patients clinically diagnosed as HSV-2 infection were
applied as a first Ab. The bands were visualized as des-
cribed in Materials and Methods. 1:lysates from HSV-1
infected cells, 2 :lysates from HSV-2 infected cells. A, B,
C:sera from the patients clinically diagnosed as herpes
genitalis, D :sera of the patients who have been confirmed
as HCMV infection. Three patterns (A, B, C) were observed.
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Figure 4. Competitive immunofluorescent staining of HSV-2
infected cells. HSV-2 infected cells were coated on the spot
slide. Serially diluted each patient’s sera was mixed with
MH2-7 monoclonal Ab and then applied to the coated spot
slide. No staining was observed with the sera diluted below
1:80.
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Figure 5. Immunofluorescent staining of the HSV-2-infected
Vero cells with MH2-7 monoclonal antibody which had
been competed off with the given concentration of the
HSV-1-infected patient serum. Vero cells were infected with
HSV-2 and were coated on the slide. MH2-7 monoclonal
antibody and given concentration of HSV-1-infected patient
serum were added and incubated. FITC-antimouse IgG was
used as detection antibody. The sera of HSV-1-infected pa-
tient could not compete off the binding of MH2-7 on
HSV-2 infected cells throughout the concentration from 1:
40 to 1:320. PBS instead of MH2-7 was used in negative
control and PBS instead of patient sera was used in posi-
tive control.
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9] dl-&o] xglE|gichFigure 4). HSV-1 7+do] western blot
o7 s shAte] gA 9 VZV Zele] &ld 3t
A2 MH2-701] thgh ubgAdE AlslA] kot Figure 5
o= HSV-1 7ol =qldl shate] dEHS 111058 1:320
7HA] 3] 4fste] MH2-7 319k ZAA1Z] ¥ FITC-anti mouse
[gGE o]&slo] A<M Ak AIAE veEhhick
VZVell Zedsl 3shake] gHow AAR 7 fol= ol
A3 Akg RS

HSV-20l| BolslA| Hl-gsle a7l ZAsle 3kAte)
& 1:100~1:51,2002] HYZ 3 Aslo] zNE gl vl
<3 wkel o] MH2-7 3xle} HSV-2 ZHdAEel oisl 7
AasdEgme Axsigdel. 32 €3 el sl
gl 34 wliol] ulslo] MH2-79] ub-go] zlw o]
MH2-73} €2 ] HSV-2¢l] thgh Solakx] 7ke] 7 Ao] gl

S8 WY & A9 11009] Aol LA =TT

(A

2 1
°
- Average value ‘/
7 Positive control 1
g “***" Negative control /
N
S /
=4
o /.
o -—
o «
e
o— @@ TN L onmem - - —_— S
0 T T T
ST ST S U~ S R G L e
& & L G Z < > N
REORT A e @ R ,\-'9’ K \_'_Gr \_r_f—’b \,o;,"ﬂ’
Dilution fold

Figure 6. Competitive ELISA of HSV-2-infected cells. The
patient’s sera definitely having specific Ab against HSV-2
which was proved in the competitive IF staining, was
serially diluted and mixed with MH2-7 monoclonal anti-
body. Sandwich ELISA was performed as described in the
Materials and Methods. The linear dose-response relationship
could be seen for the patient’s sera to inhibit the reactivity
of MH2-7 against HSV-2 antigen. one to one hundred
diluted sera could completely block the reactivity of
MH2-7.

HSV-2 4] %742 918 aand3gel AL

o

5 k= vehHtkFigure 6).

LU

1]

il

Human herpesvirus type 2} A}Z7d3H<te] A= o7
WnE apsolgiodl AZARY BAGA WA )
HSV-20]] tdt 3d] &4 o]¥, DNA hybridizationS E3F
Hlolelzs datel EA] ot Pap smear & wielzrol
WE ol8% vlold s B4 BA S BT HsV-2%h
AR WA A WA YA ol HSV-27F 4
A cofactors. AEY & 9ek ZATe] AT
gk AR ate] odFtel] wpEm cervicitis, cervical dys-
plasia, cervical cancer $}A}ol|4] HPV 16, 18, 11 typeS =
s AHEE ¥ E2 vl E HSV-29] gelo] whHl
o w3ela glor 1 RS vele WEdl w3
o7} Y& Aoz Huzlxw et weba] HSV-2 ZHedwt
A7 TS AT Bl o At RegE|ojop & Zlo]

ol

y

o,

&

HSV-2 79 ofie] ZA%E of nlolzlzvl 4% 7l
Qo E4L i o A B9 eA 9 B
£ vlolgls 7l o RE A7 wkedels] ofze Aol ek,
g ek zAdlE A Aol AH B TS wg
A olE 2AE Qe W6 EAte AE 2
el Aol © foldt wle] 9 Aold. a2} Sl
z2AsH= AX HSV-27} HSV-13} ZEg}
A wol THekn YT HSV-19] olghgo] %ol ofele
o] QIrk. Z HSV-1o] 7dEl hAke) 84 ol EAjehe
A7l HSV-20] ZARKE 997 24 1e deA 9
9 4 gk B Qpele olgld A
Eoldh ehAEZRAI
MH2-7& o] 14 8% voll ek g7l Hsv-2
A9l WHeeke AL AAGemH Bol Al FHelt
e A
Rl gl A & o] 3jo] MH279) Sol4e )
skt &y =uvlo|g] AFtol] <8l= HSV-1, VZV, EBV,
HCMVel) djgh 9hA S 2A% 77} HSV-201% Solels)
Hedte A4S delelgen Pl AdAsE e
AERe ZARE AL Askeh dulolel2AS ol st

of $4 e Adela WAYRAAE AR A3

T




MH273 s g8l 24 719 wlel ek
western blot analysisE %-8}o] conformational epitopeS <l
Ak AR Shlelglch

AL vlwr)3 el Hlshe ke e A
Aeslzge A% N A WS Adssich A4
A Yol wolels FE AL S8 HSV-L 9
HSV-2& 7"°3/<]?'1 Vero A|ZE gPdo g A-g3lo] Western
blotS AJ¥slgict. BE $hajol|4] HSV-1 9 HSV-20] HE-S-
she AlZE EAfEkela ukgAg el Akl wet A, B, €9
3 Fog FEEHFigure 3). BE 2= Av CF 37}
ol wls) HSV- 20 ol W& elrtel wAE D g
th ool 7 7HAE iAE o el ARle HSV-29] &
£ 71do] ghe A 2 ol A bl Yol A9l
=AE AAZ HSV-10)] ozl A7|slz|=Fo] wHAdt A
oIck o] Fsi7] SIS WAE FHoto] LEAAe)
e F 27 Wl thA] GRS SAsHs Aol a7t D
P QA HOMY B SJeled SRR
o) b7t galgl Bae] WS ALY Aol
Western blot3- o] 8slo] HF2-Alo] AEE 3}olgt 3hx}o
44g olguto] ZARAIAYE Asielet 24l
FHS 11078 Al v 3]4sto] MH2-7 ShA|ZadA9}
AAANAES ul] A, CT9 32 EHL 1:105E] 1:80 34
Wl4olA] MH2-79] HSV2 9€lel] otk w-e4e Axlelg)
t}. e Bl & A

o
O

e

lo

Gol gAte] WHS Yol E MH2T
o WHAS ARelA Telgiek ol A, CF el 8
dloll MH2-7 3417} Whgshe Sol g17%71ol ok g
7} EARE AL Qulsls AolM E ol o] A}
HSV-20l] tigt 3A 7Logo] Jolth= AL oz}
AR PN S NS4kt FAal
ol SlEein Hudel 230l YA dsts
72 mass screeningoll= A e whio]
2}A] o]E MAlsla mass screeningoll AH-gl7]
H

mi

5

¢

:‘:’éiliﬁ’iril
o
©

do 0 12

TS Aurelgdch. HSV-20l] Zeddl A)E
1
H

o
o,
LIya:)
18

N2

23 AR 9 el A% wlo} o] 2L
3 96 well plateo]] coatings}itl. k2o X3} MH2-7

AZFGAE A7 & OPDE o] gzl WM FEE 3

715 olgste] FAsloitt. A= Figure 60l Viebli=vl

1:1009] 3] 4ule7kA] MH2-79] b3 2 Alskdie.
oo AT % ul MH27 SRIZFRAZ o/ 88 7

Ameddsiaby B8 AdWgame slxte] FHA

HSV- 20]] tgk So] AE 574 U= Al W

]

RS
AT
o2 Ag7bssiel 3] AANAELES m

Ael

b

it
L4z

13

r.E‘. 4

A mass screeningol|

g A3l A435 1999 315

e of 7)o Ag3k ebaZEEkA) 3

AgY & gk
1Z13
=

LN
A%+ wild strain®] specificityS 25 Hled el

Aol A } &
QA thellAE o e el WHE o8t ot &
o] e,
& %
b ’4:HSV—1°ﬂ gHle] wAEI B3] Tl
HSV-1 7ol = 1E olal|4] HSV-2 7hede] &AehA
Aedolli= *&%ﬁi 0134 wol ek 2 dvelde 54 2

ETEAIY] MH2-75 o] &3 RN SN B
Aoz HSV-20 UiE EHY PG AA, 24
9} oéjd oL;(«l 2]1:]434 o /l] J—]_ 1;}
2 B MH2-700] ofel QIAEE e etslr] Slsted
1o g7 Western blot ZAH-& *13233}91‘4. 737
A Py} AL A=
olgstol G4 Ao HSV-2 Sol WA 4% 914

A 1} Ao g AyEdAs Zeder ZulkE ewe
97 % 279) WA HSV-2 7elA] UEhE Aow
27 544 Western blot 235 Uehligich 74
_%].ogxﬂﬂt-'\oﬂ/(—].‘: orylzqg—ir H7]34]E_¢-]]A 7Lo§g§ ;q
own] EAHQ]l Western blot A¥E vjehd F 3kxlo] &
gto] MH2-7 S| EZ3A|L AAshs AAE Kot %
< BAsjol it Ak, 1: 103 1:804lolA So] AR
Uehligleh. AAEAMeiEgHe] A% fEAS S48
B oAz e AR 3 A% welgadanE Sl
ok ol ge] Adk= 3 gAe) ool wielk MH2-79] WA
o] YAsHA AsElrke A& HolFeh

4 B 54% DAETEA MH2-Tol 7kt B Y
AT JAELIASAYS HSV2 A4S Adebe
dl QlolA] hetstar Hetshe, sk whelvt

J5) —» oﬁ‘l

OP ofh
rE.
e lo

P

ﬂ

-,
0* weh web g
mlo o o ¥ o

==

=

=

Mo

1) Eglin RP, Sharp F, MacLean AB, Macnab JCM,
Clements JB, Wilkie NM : Detection of RNA comple-
mentary to herpes simplex virus DNA in human cer-
vical squamous cell neoplasm. Cancer Res 41:3597-3603,
1981

2) Galloway Da, Nelson JA, McDougall JK: Small
fragments of herpesvirus DNA with transforming acti-
vity contain insertion sequence-like structures. Proc Natl
Acad Sci USA 81:4736-4740, 1984



316

3)

HHATF 9] 790 HSV-20)] Seo]3k BAZ7 A5 o] &3

Tevethia M] : Transforming potential of herpes simplex
viruses and human cytomegalovirus, In:The Herpes-
viruses. Vol. 3(Roizman D, ed), pp. 257-313, Plenum
Press, New York, 1985

Rawls WE : Herpes simplex virus types 1 and 2 and
herpesvirus simiae, In : Diagnostic procedures for viral,
rickettsial and chlamydial infections, 5th ed.(Lennette EH
and Schmidt NJ, eds), pp. 309-373, American Public
Health Association, Washington, 1979

Hampar B, Zweig M, Showalter SD, Bladen SV,
Riggs CW : Enzyme-linked immunosorbent assay for
determination of antibodies against herpes simplex virus
types 1 and 2 in human sera. | Clin Microbiol 21:496-
500, 1985

Cha CY, Hwang ES, Kook YH: Production and char-
acterization of monoclonal antibodies specific to herpes
simplex wviruses. | Korean Soc Microbiol 23:505-515,
1988

7) Adam E, Levy AH, Rawls WE, Melnick JL:

Seroepidemiologic studies of herpesvirus type 2 and car-
cinoma of the cervix. I. Case-control matching. | Natl
Cancer Inst 47:941-51, 1971

HSV-2 3 A& 913 A5 e M

8) Adam E, Kaufman RH, Melnick JL, Levy AH,
Rawls WE : Seroepidemiologic studies of herpesvirus type
2 and carcinoma of the cervix. III. Houston, Texas. Am
] Epidemiol 96:427-442, 1972

9) Adam E, Kaufman RH, Melnick JL, Levy AH,
Rawls WE : Seroepidemiologic studies of herpesvirus type
2 and carcinoma of the cervix. IV. Dysplasia and car-
cinoma in situ. Am | Epidemiol 98:77-87, 1973

10) Adam E, Rawls WE, Melnick JL: The association of
herpesvirus type 2 infection and cervical cancer. Prev
Med 3:122-41, 1974

11) Adam E, Sanders EK, Melnick JL, Levy AH, Rawls
WE : Antibodies to herpesvirus type 2 in breast cancer
and cervical cancer patients. Cancer 33:147-52, 1974

12) Ashley R, Wald A, Corey A :Cervical antibodies in
patients with oral herpes simplex virus type 1 (HSV-1)
infection: local anamnestic responses after genital HSV-2
infection. | Virol 68:5284-5286, 1994

13) Meng X] : Correlation of human papilloma virus (HPV)
and herpes simplex virus-2 (HSV-2) in the viral etiology
of carcinoma of uterine cervix. Chung Hua Chung Liu
Tsa Chih 11:108-110, 1989




