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Summary. - We determined the prevalence of antibodies to herpes simplex virus 2 (HSV-2, HSV-2 
antibodies) in sera of homosexual men either positive for human immunodeficiency virus 1 (HIV-1, HIV1, 
a group of 27 sera) or negative for HIV-1 and HIV-2 (HIV , a group of 52 sera) in Slovakia. Antibodies to 
HSV-2 glycoprotein G-2 (gG-2, gG-2 antibodies) were determined by a double-antibody sandwich enzyme- 
linked immunosorbent assay (DAS-ELISA) and immunoblot analysis. We found that 40% of HIV1 and 23% of 
HIV homosexual men were positive for the gG-2 antibodies, what is 3.6 and 2.1 times higher incidence, 
respectively, than that in the control heterosexual population (Bystrická et al., Acta Virol. 42,319-324, 1998). 
Identification of individuals infected with genital herpes among HIV' and HIV homosexual men should be 
succeeded by antiviral therapy in order to prevent transmission of HSV-2 and HIV as well in this community.
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Introduction

HSV-2 infection is one of the most frequently diagnosed 
sexually transmitted diseases. It is known that HSV-2 
infection results in a seroconversion and lifelong persistence 
of virus-specific antibodies that may be used as an objective
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Abbreviations: AIDS = acquired immunodeficiency syndrome, 
DAS-ELISA = double-antibody sandwich enzyme-linked 
immunosorbent assay; gB = glycoprotein B; gB-2 = HSV-2 gB, 
gB-1,2 = HSV-1/HSV-2 gB; gG = glycoprotein G; gG-2 = HSV-2 
gG; HIV-1 = human immunodeficiency virus 1; HIV-2 = human 
immunodeficiency virus 2; HIV' = HIV-1 positive, HIV-2 nega­
tive; HIV = HIV-1/2-negative; HSV-2 = herpes simplex virus 2; 
MAb = monoclonal antibody; PBS = phosphate-buffered saline, 
SDS-PAGE = polyacrylamide gel electrophoresis in the presence 
of sodium dodecyl sulfate

marker to establish the presence of genital herpes infection. 
An HSV-2-specific serological test has been often used to 
assess the prevalence of HSV-2 antibodies in population and 
to identify asymptomatic or subclinically infected 
individuals (Fleming et al., 1997; Bergstrom and Trybala 
1996; Koutsky et al., 1990; Ashley et al., 1988; Sullender 
etal., 1988; Lee et al., 1985).

Generally, sexually transmitted diseases that cause genital 
ulcers and inflammation such as HSV-2 infection, could 
contribute to transmission of HIV through the reduced 
epithelial barrier and infiltration of CD4+ lymphocytes in 
herpetic lesions that are possible targets for HIV attachment 
and entry. On the other hand, more severe HSV-2 outbreaks 
and more frequent viral shedding are common in persons 
infected with HIV. Thus, it appears that HSV-2 and HIV 
infections have a bidirectional interaction in which one 
exacerbates or predisposes the other (Severson and Tyring, 
1999; Griffiths 1998; Schacker et al., 1998; Wasserheit et 
al., 1992; Hook et al., 1992). In many studies, the presence
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of HSV-2 infection has been shown to be associated with a 
higher risk of acquiring HIV infection. Indeed, the rate of 
HSV-2 infection appears particularly high among homo­
sexual and bisexual men with HIV infection (Hook et al, 
1992; Stamm et al., 1988; Holmberg et al., 1988).

The objective of the present study was to determine the 
occurrence of HSV-2 antibodies in groups of 27 HIV" and 
52 HIV homosexual men and to compare the incidence of 
HSV-2 antibodies in these groups with that in normal 
heterosexual population in Slovakia. The greatest value of 
such a serological testing may reside in identification of 
HSV-2-infected individuals succeeded by antiviral therapy 
and counseling in order to prevent transmission of HSV-2 
and HIV among men with homosexual orientation.

Materials and Methods

Cells, viruses, monoclonal antibodies (MAbs) and antigen 
extracts. Vero cells were propagated and maintained as described 
previously (Bystrická et al., 1991). HSV-2 strain Praha was 
acquired from SEVAC, Czech Republic. MAb 303 against HSV-2 
gG (gG-2), MAb 499 against HSV-2 gB (gB-2), and MAbs Till 
and 170 against both HSV-1 and HSV-2 gB (gB-1,2) were 
prepared and characterized as described elsewhere (Bystrická et 
al., 1991). Preparation of extracts of infected or non-infected 
cells by use of a detergent was described previously (Bystrická 
etal., 1998).

Human sera. Twenty-seven sera of HIV1 and 52 sera of HIV 
homosexual men were collected at the National Reference Center 
for Prevention of AIDS/HIV in Bratislava, Slovakia. Each serum 
was tested twice by standard ELISA (Abbott Laboratories) for the 
presence of antibodies to HIV-1 and HIV-2. Positive ELISA results 
were confirmed by immunoblot analysis (HIV Western Blot, 
Murex). The HIV' sera were positive for the HIV-1 antigen only, 
while the HIV sera were negative both to HIV-1 and HIV-2 
antigens.

DAS-ELISA was employed for assay of gG-2 and gB-1,2 
antibodies (Bystrická et al., 1998). A checkerboard titration was 
performed to determine the optimal dilutions of ascitic fluids, cell 
extracts and the anti-human conjugate. One positive and one 
negative reference human serum were used throughout the study 
as markers of presence or absence of HSV-2 antibodies. The titer 
of the antibodies of a serum was defined as the reciprocal value of 
the highest serum dilution at which the absorbance value was at 
least 2 times higher than that of the reference HS V-2-negative serum 
at the same dilution.

Purification of gG-2 was done by immunoaffinity 
chromatography as described previously (Bystrická et al., 1998). 
Briefly, an affinity column was made with 5 mg of purified MAb 
303 and 1 g of CNBr-Sepharose ( Pharmacia) according to the 
manufacturer's instructions. About 350 million cells were extracted 
for 30 mins on ice and centrifuged. The supernatant was added to 
the CNBr-Sepharose coupled with MAb 303 and incubated 
overnight at 4°C under constant shaking. gG-2 was eluted with 
5 ml of cold 3 mol/l KSCN in 0.01 mol/1 Tris pH 7.8 for 15 mins

under constant shaking and dialyzed against phosphate-buffered 
saline (PBS) for 3 days.

Immunoblot analysis. All procedures used in immunoblot 
analysis except the incubation with the second antibody and 
detection were described elsewhere (Bystrická et al., 1991). Briefly, 
1 ml of purified gG-2 in PBS with approximate protein 
concentration of 0.05 mg/ml was subjected to a standard 
polyacrylamide gel (8.5%) electrophoresis in the presence of 
sodium dodecyl sulfate (SDS-PAGE). Then the gel was incubated 
in a transfer buffer (25 mmol/1 Tris pH 8.3, 192 mmol/1 glycine 
and 10% methanol) for 1 hr and blotted onto a nitrocellulose 
membrane (Schleicher and Schuell, 0.22 pm). After blotting, the 
remaining binding sites were blocked by incubating the blot in 
PBS containing 5% nonfat dry milk for 2 hrs. Blot strips were 
incubated with human sera diluted 1:100 or 1:200 in PBS 
containing 2% nonfat dry milk for 2 hrs with constant agitation. 
Positive and negative reference sera diluted 1:200 and 1:100, 
respectively, and MAb 303 (as ascitic fluid) diluted 1:2000 were 
used as controls. The strips were washed 4 x 10 mins in PBS under 
constant agitation. Detection of the bound antibodies was 
accomplished by incubation of the strips with an anti-human (Dako, 
Denmark) or anti-mouse (Sevac, Czech Republic) conjugate diluted 
1:4,000 and 1:2,000, respectively, in PBS containing 2% nonfat 
dry milk and 0.1% Nonidet P-40 for 1 hr at room temperature 
followed by washing 5 x 10 mins in PBS containing 0.1% Nonidet 
P-40. Visualization of the bound antibodies was performed by 
exposition of the strips treated for 1 min with a chemiluminiscence 
reagent (Amersham, Life Sciences) to a X-ray film (Fuji, Super 
RX) for different periods of time.

As usually done with scarce antigens, the strips probed with 
negative sera were erased by incubation in a stripping buffer 
(62.5 mmol/1 Tris-HCl pH 6.7, 2% SDS, and 100 mmol/1 
2-mercaptoethanol) at 70"C for 30 mins with occasional agitation 
(Kaufmann et al., 1987) and reprobed with another human serum 
and an anti-human conjugate with the same sensitivity.

Results

Detection of gG-2 and gB-1,2 antibodies by DAS-ELISA

For assaying gG-2 and gB-1,2 antibodies a DAS-ELISA 
with corresponding MAbs captured on a plate was used. Of 
27 HIV" homosexual men tested, 14 individuals showed high 
levels of gG-2 antibodies ranging in titers from 6,400 to 
100,000. The remaining patients showed low (1,600 to 
3,200) or negative titers (Table 1). Thirty of 52 HIV 
homosexual men showed high titers of gG-2 antibodies 
ranging from 6,400 to 100, 000. The rest of the patients in 
this group showed lower or negative titers (Table 2). All the 
sera with high titers of gG-2 antibodies showed also high 
titers of gB-1,2 antibodies (6,400 to 200,000) confirming 
the fact that the patients were exposed to HSV-1 and/or HSV-2 
and developed strong immune response against these viruses 
(Eberle and Mou, 1983).
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:>le 1. Reactivity of sera of HIV* homosexuals in DAS-ELISA 
and immunoblot analysis

No. ”f patients 
in the group

Titer of gG-2 
Antibodies"

Titer of gB-1,2 
Antibodies'

Immunoblot
assay for gG-2

11 6,400-100,000 6,400-200,000 Positive
3 6,400-100,000 6,400-200,000 Negative
13 <1,600-3,200 <1,600-25,000 Negative
Positive reference
scrum 100,000 200,000 Positive

Negative reference
serum <1,600 <1,600 Negative

‘DAS-ELISA.

Table 2. Reactivity of sera of HIV homosexuals in DAS-ELISA and 
immunoblot analysis

No. of patients 
in the group

Titer of gG-2 
Antibodies"

Titer of gB-1,2 
Antibodies"

Immunoblot 
assay for gG-2

12 6,400-100,000 6,400-200,000 Positive
18 6,400-100,000 6,400-200,000 Negative
22 < 1,600-3,200 <1,600-50,000 Negative
Positive reference
scrum 100,000 200,000 Positive
Negative reference
scrum <1,600 <1,600 Negative

‘DAS-ELISA.

Immunoblot assay of gG-2 antibodies

To confirm the presence or absence of gG-2 antibodies 
in the sera, their reactivity against gG-2 in DAS-ELISA was 
tested also by immunoblot analysis.

First, blot strips with purified and electrophoretically 
separated gG-2 were allowed to react with M Ab 303 (dilution 
1.2000) raised against this glycoprotein. After incubation 
with an anti-mouse conjugate diluted 1:2,000 we detected 
presence of a band with apparent Mr of 115 K, which 
represents the mature O-glycosylated gG-2 (Balachandran 
and Hutt-Fletcher, 1985). In addition, we detected a group 
of bands of 63-70 К that may represent cleavage 
intermediates in normal processing of gG-2. (Fig. 1, lane I). 
Detection of the 115 К band (mature gG-2) was the criterion 
for identification and confirmation ot gG-2 antibodies in 
tested sera.

Next, groups of 27 HIV and 52 HIV sera were tested in 
order to confirm the presence of gG-2 antibodies detected 
previously by DAS-ELISA. The blot strips with gG-2 were 
allowed to react with sera diluted 1:100 or 1:200 and then 
with an anti-human conjugate diluted 1: 4,000. Fig. 1 shows 
the representative results obtained with 5 positive sera (lanes 
A-E) reacting with the 115 К band, and 3 negative sera 
showing a non-specific reaction with a group of bands of 
50-55 К (lanes F-H). Positive (lane J) and negative (lane K) 
reference human sera were also included. It is evident that 
the positive sera (lanes A-E) and the positive reference human 
serum (lane J) reacted with the same 115 К band as the mouse 
MAb 303 (lane I). The negative reference human serum failed 
to show any reactivity with purified gG-2 (lane K).

In the group of HIV' patients most of the sera with high 
DAS-ELISA titers of gG-2 antibodies were also positive in 
immunoblot analysis. We detected 11 of 27 (about 40 /о) 
sera as positive with both methods (Table 1). However, in 
the group of 52 HIV sera, the concordance between high 
levels of antibodies detected by DAS-ELISA and positivity 
in immunoblot analysis was poor. Out of 30 sera with high

DAS-ELISA titers we detected only 12 reacting with the 
115 К band in immunoblot analysis (Table 2).

Most of the remaining 18 sera with high DAS-ELISA 
titers of gG-2 antibodies reacted non-specifically with 
groups of distinct bands of about 50-55 K, while there was 
no reactivity with the 115 К mature gG-2 (Fig. 1, lanes 
F-H). According to our criteria these sera cannot be consi­
dered positive for the presence of gG-2 antibodies, because 
the reactivity to the fully glycosylated gG-2 was absent.

ABODE FGH I JK

“18 к

Fig. 1
Immunoblot analysis of human sera

Purified gG-2 was subjected to SDS-PAGE, blotted onto a nitrocellulose 
membrane and probed with MAb 303 and the tested human sera. The Mr 
values of size markers arc indicated on the right. The tested human sera 
(diluted 1:100) positive for gG-2 antibodies (lanes A-E); the tested human 
sera (diluted 1:100) negative for gG-2 antibodies (lanes F-H); MAb 303 
as ascitic fluid diluted 1:2,000 (lane I); positive reference human scrum 
diluted 1:200 (lane J); negative reference human scrum diluted 1:100 
(lane K).
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These results also confirmed our view that even high DAS- 
ELISA titers can be misleading and may represent a non­
specific reaction and therefore the presence of gG-2 
antibodies must be reconfirmed by immunoblot analysis.

Discussion

The present study was designed to determine the 
seroprevalence of genital herpes antibodies among groups 
of HIV+ and HIV homosexual men in Slovakia. In our 
experiments the presence of gG-2 antibodies detected in 
DAS-ELISA was tested by a reference technique - the 
immunoblot analysis using purified gG-2 as an antigen.

We found 40% of tested HI V+homosexual men positive 
for gG-2 antibodies by DAS-ELISA and immunoblot 
analysis as well. In the reference group of HIV homosexual 
men, gG-2 antibodies were detected only in 23% of indi­
viduals by both immunoassays. The prevalence of HSV-2 
antibodies in normal healthy heterosexual population in 
Slovakia is 11% (Bystrická et al., 1998) that means that 
the rates of HSV-2-infected patients among HIV+and HIV 
homosexual men is 3.6 and 2.1 times higher, respectively. 
Similarly to our results, significantly higher incidence of 
HSV-2 antibodies in sera of HIV+patients has been 
demonstrated also by others (Dobbins et al., 1999; Hook 
et al., 1992; Safrin et al., 1992). In addition, Holmberg et 
al. (1988) and Stamm et al. (1988) found higher rates of 
HSV-2 infection also in HIV homosexual men before or 
at the time they developed HIV infection, suggesting that 
HSV-2 infection may be a risk factor for HIV infection. 
One study, however, refuted these conclusions (Kingsley 
et al., 1990).

It is worth mentioning that a part of sera with high DAS- 
ELISA titers, especially from the group of HIV 
homosexuals, reacted negatively in immunoblot analysis. 
However, the results of immunoblot analysis were considered 
positive according to the presence of fully glycosylated 
product of gG-2 of 115 К only. The reactivity with bands 
of lower Mr (50-55 K) expressed by some sera with high 
DAS-ELISA titers was regarded as non-specific. This 
discrepancy between high DAS-ELISA titers and the 
negativity in immunoblot assay may be caused by a limited 
specificity of the DAS-ELISA used, which may detect also 
antibodies to other antigens besides gG-2. On the other hand, 
there is also a good chance of obtaining false-positive results 
especially in non-HSV-2-infected patients with high titers 
of HSV-1 antibodies, when a certain degree of “spill-over” 
reactivity can be present in gG-2 assays (Bergstrom and 
Trybala, 1996). Other workers (Ho et al., 1993; Safrin et 
al., 1992; Ashley et al., 1988) reported also much greater 
sensitivity and reliability of immunoblot analysis as 
compared with indirect ELISA.

A key factor in the spread of genital herpes infections is 
a high proportion of undiagnosed asymptomatic infections 
(Ashley and Wald, 1999; van de Laar et al., 1998; Koutsky 
et al., 1990). In our view, reliable identification of HSV-2- 
infected individuals requires immunoblot assay of 
antibodies, because a reported history of genital herpes or 
positive ELISA results are poor predictors of HSV-2 
infection. Identified persons with genital herpes infection 
(especially among HIV- homosexuals) should be targeted 
for treatment and prevention of HSV-2 transmission. The 
acyclovir therapy has been demonstrated to reduce the time 
for healing and virus shedding from patients with initial 
and recurrent genital herpes (Wald et al., 1996; Kaplowitz 
et al., 1991). Treatment of genital herpes and other sexually 
transmitted diseases at the same time actually decreases the 
rates of HIV infection (Severson and Tyring, 1999).

Finally, counseling of HIV+ and HIV homosexual men 
regarding possible risk of HIV acquisition during recurrent 
genital herpes, abstinence during recurrences or treatment 
with acyclovir may contribute to the control of HIV 
transmission in Slovakia.
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