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Herpes simplex virus type 1 (HSV-1) is transmitted by close contact, both sexual and nonsexual, and
infections are acquired during childhood and adolescence. Herpes simplex virus type 2 (HSV-2), however, is
thought to be transmitted mainly by sexual contact. Most HSV-2 infections are consequently expected to occur
after the onset of sexual activity. Recent reports indicate an increasing prevalence of HSV-2 on the African
continent, but most studies have been performed on adult cohorts. In the present study, we collected sera from
Tanzanian children and young persons from 1 to 20 years old, with at least 100 individuals in each age group.
Antibodies against HSV-1 and HSV-2 were detected by an in-house Western blot method which was shown to
perform well in comparison with a commercial Western blot assay. Type-specific antibodies were also analyzed
by two noncommercial enzyme-linked immunosorbent assay methods based upon the antigenicities of
branched synthetic oligopeptides corresponding to epitopes in glycoprotein G of HSV-1 or HSV-2. The prev-
alence of HSV-1 antibodies increased gradually from 73% for the age group of 1 to 4 years to 92% for the age
group of 17 to 20 years. The prevalence of HSV-2 antibodies was unexpectedly high, as 15% of the children were
infected by the age of 8 years, with the incidence increasing gradually to 40% in the age group of 17 to 20 years.
The reason for this unexpectedly high frequency is not clear but could suggest that nonsexual transmission of
HSV-2 is more common than previously thought. There was no statistically significant association between
seropositivities for HSV-2 and human immunodeficiency virus.

Infections with herpes simplex virus types 1 and 2 (HSV-1
and HSV-2) are among the commonest human viral infections
throughout the world (6). Classically, HSV-1 is acquired dur-
ing childhood and is associated with nongenital disease, usually
causing oro-labial manifestations, while HSV-2 is related to
urogenital disease, although both viruses can cause either clin-
ical syndrome (29). While most genital herpes infections are
caused by HSV-2, there has been a trend toward an increasing
prevalence of HSV-1 causing genital herpes (19, 23, 30, 37),
suggesting changes in the age-specific epidemiology of HSV
infections. Following primary infection, both types establish
lifelong latent infections which periodically reactivate and may
be associated with recurrent episodes of disease, with or with-
out clinical symptoms, and as such the infection may often be
transmitted without knowledge (5, 18, 26, 27). Apart from the
morbidity due to symptomatic episodes, HSV infections may
have severe consequences in immunosuppressed hosts or ne-
onates (42). Recently, genital herpes has become a more prom-
inent public health issue due to a potential facilitation effect on
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human immunodeficiency virus (HIV) transmission (7, 8, 28),
making the development of HSV control methods a priority.

HSV-1 and HSV-2 are highly homologous genetically and
antigenically (17). This results in an antigen-sharing profile for
the two serotypes. Consequently, antibodies produced in re-
sponse to one type exhibit extensive cross-reactivity with anal-
ogous proteins of the other type, making serological analysis
difficult. The recent development of reliable HSV type-specific
antibody assays using either the complete glycoprotein G (gG)
(12) or specific epitopes in gG (24) has provided the means to
identify past infection with a given HSV type, regardless of
whether it was clinically apparent or not. To date, these assays
have been used largely in epidemiological studies.

The seroprevalence of HSV-2 antibodies in adults has been
studied in several places in the world and shown to vary by
country and population group (35). For example, the preva-
lence in the general population was reported to be 22% in the
United States (9), 3 to 5% in the United Kingdom (41), and
between 10% and 16% in Sweden, depending upon age (14).
Seven percent of pregnant women in Japan have HSV-2 anti-
bodies, in contrast to 96% of prostitutes in Senegal (29). In-
fections with HSV-2 have increased during the last decades
(35). In Tanzania, which is the focus of interest in the present
study, HSV-2 seroprevalence was observed to increase in a
10-year period among individuals attending a sexually trans-
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mitted disease clinic, from 43 to 70% (20, 32). In contrast, very
little is known about the prevalence of HSV-2 infections in
childhood and adolescence in this country.

Studies on the prevalence of HSV-1 antibodies in children
show variations. For children at an age of 4 to 5 years, the
prevalence has been reported to be 20% in England (15), 25%
in Sweden (39), 30% in Germany (43), around 35% in Estonia
(40), 50% in Hong Kong (15), and 59% in Eritrea (10). In the
following years, there was an increase in all studies to between
37% (Sweden) and 75% (Estonia) in European countries and
97% in Eritrea.

Geographic and socioeconomic differences affect the fre-
quency of HSV infections, so the acquisition patterns of these
infections vary greatly in different areas and populations (15,
29). Continuous changes in societies might therefore affect
these acquisition patterns, and frequent studies would there-
fore be useful for monitoring purposes.

The patterns of acquisition of these virus infections in child-
hood have not previously been studied in Tanzania. The
present report shows that at the age of 4 years, the majority of
individuals are infected with HSV-1, and a surprisingly large
number (15%) are infected with HSV-2.

MATERIALS AND METHODS

Serum samples. A total of 565 serum specimens were collected from 1- to
20-year-old persons attending an outpatient clinic at Muhimbili National Hos-
pital in Dar es Salaam, Tanzania. The sera were divided into five different age
groups, using intervals of 4 years. There were at least 100 sera in each group. The
sera were stored frozen at —20°C.

Western blot assay. Antigens for immunoblotting were prepared by infecting
baby hamster kidney cells with either HSV-1 strain 17 syn + (4) or HSV-2 strain
HGS52 (38). Proteins were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis. The concentrations of acrylamide in the stacking and sepa-
ration gels were 5% and 7%, respectively. The viral proteins were then blotted
onto a nitrocellulose membrane (BA 85; Schleicher and Schuell, Dassel, Ger-
many), which was subsequently cut into strips to be stored dry at 4°C. Unless
stated otherwise, strips were incubated overnight with serum samples at a 1:100
dilution for detection of anti-gG-1 antibodies and a 1:50 dilution for detection of
anti-gG-2 antibodies. The monoclonal antibodies LP10, directed against gG-1
(34), and AP1, directed against gG-2 (25), were used to identify the positions of
gG-1 and gG-2, respectively, on the Western blot strips. Bound human antibod-
ies were detected by their reaction with peroxidase-conjugated sheep anti-human
immunoglobulin G (IgG; Amersham), and bound monoclonal antibodies were
detected with peroxidase-conjugated anti-mouse IgG (Amersham). The sub-
strate was 4-chloro-1-naphthol in both cases. All sera were analyzed by both
HSV-1-specific and HSV-2-specific strips. Reactions were scored as positive
when typical bands appeared. If the initial results at serum dilutions of 1:50
(HSV-2 antibodies) and 1:100 (HSV-1 antibodies) were not clear, the sera were
analyzed at increasingly higher concentrations (dilutions of 1:50, 1:20, and 1:10)
until conclusive results were obtained. At the end, there was one serum whose
HSV-1 antibody content remained unclear. To distinguish this method from
essentially similar Western blot methods used for the same purpose in other
laboratories, we use the term WB-UB.

Commercial Western blot assay. To evaluate the performance of the WB-UB
method, a total of 105 sera were selected as described in Results and also
analyzed with a HerpeSelect 1 and 2 Immunoblot IgG kit (ISO 9001) from MRL
Diagnostics. The specific antigens were recombinant gG-1 and gG-2 proteins on
nitrocellulose strips. According to the manufacturer, the sensitivity and specific-
ity of the immunoblot strips relative to Western blotting are 99% and 92%,
respectively, for HSV-1, and 98% and 94%, respectively, for HSV-2.

ELISA. Oligopeptides corresponding to antigenic regions of gG-1 and gG-2
were used in enzyme-linked immunosorbent assays (ELISAs), as described pre-
viously, for specific detection of HSV-1 (16) or HSV-2 (24) antibodies. As
described previously, peptides were made in multiple antigenic form with four
copies of the antigenic peptide, with each separated from the polylysine core by
a four-glycine spacer. Briefly, wells of microtiter plates (Immunlon 1B 96-well
plates; Thermo Labsystems) were coated overnight at 4°C with 100 ng of peptide
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diluted in phosphate-buffered saline. Following incubation for 1.5 h at 37°C with
phosphate-buffered saline containing 1% bovine serum albumin, 50 ! serum was
added to each well, and the plate was incubated for 1.5 h at room temperature
on an orbital shaker. The sera were diluted 1:10 and 1:5 for detection of HSV-1
and HSV-2 antibodies, respectively. The incubation time with biotinylated anti-
human IgG and streptavidin-horseradish peroxidase (Amersham) was 90 min for
each. Washing was performed six times between each of the above steps, using
150 mM NaCl containing 0.05% Tween 20. The plates were then incubated with
citrate buffer containing O-phenylenediamine dihydrochloride (OPDA) and hy-
drogen peroxide (H,O,) at room temperature in the dark. The reaction was
stopped after 15 and 10 min for detection of HSV-1 and HSV-2 antibodies,
respectively, by the addition of 50 wl of 2 M H,SO, to each well. Absorbance was
measured immediately at 492 nm in a Labsystem Multiscan MS plate reader. For
calculation of cutoff values, the data from the WB-UB assay were used as true
results. The results from ELISA and Western blotting were then compared for
each age group, using receiver operating characteristics (ROC) (44). All samples
were analyzed in parallel.

Detection of HIV antibodies. Bionor HIV type 1 (HIV-1) and HIV-2 screening
and confirmatory tests were used as described by the manufacturer. These tests
are enzyme-linked immunosorbent assays where magnetic beads are used as solid
supports. Sensitivities and specificities of 98% or more have been reported for
both tests (3, 36). All sera were analyzed in the laboratory of Bionor. In cases
with limited sample amounts, the test volume was reduced from 50 pl to 30 wl
and the incubation period increased from 10 to 20 min.

Statistical methods. Pearson’s chi-square (x?) test was applied for comparing
HSV-2 seropositivities in the different age groups. When comparing the sero-
positivities between the subgroups of children younger than 2 years and 2 to 4
years old, the strength of association was additionally estimated by calculating
the odds ratio (OR) with its 95% confidence interval (95% CI). Odds ratio (95%
CI) and Fisher’s exact tests were used for analysis of a potential association
between HIV and HSV-2 infections.

RESULTS

Performance of Western blot method. Western blotting has
been reported to be an accurate and sensitive test for detecting
HSV antibodies (2) and is considered the “gold standard.”
Initially, we analyzed the performance of the WB-UB method.
The detection of gG-1 and gG-2 proteins with this method,
using type-specific monoclonal antibodies, is shown in Fig. 1.
Prominent bands were observed, and in some cases, additional
bands of different molecular masses were also seen. It has been
described previously (34) that the monoclonal antibody LP10
also reacts with unglycosylated and fast-migrating forms of
gG-1. Figure 1 also shows typical results from an analysis of
human serum. Bands were detected at the positions for gG-1
and gG-2. Whenever such bands were observed, the serum was
recorded as containing HSV-1 or HSV-2 antibodies, respec-
tively. Human sera also reacted more or less strongly with
proteins with molecular masses different from those of gG-1
and gG-2, which were most likely other glycoproteins of HSV-1
or HSV-2, but these reactions were not recorded or studied
further.

The performance of the WB-UB method was compared with
that of a commercial HSV-1 and HSV-2 differentiation IgG
immunoblot kit from MRL Diagnostics by analyzing 105 sera
by the two methods. Between 19 and 25 sera were selected
from each age group. We wanted to include sera with presum-
ably different concentrations of HSV antibodies, including
high, moderate, and low levels, as well as HSV-negative sera.
Selection was related to the results obtained with peptide-
ELISA methods (see below). For each age group, a minimum
of two sera had absorbance values that were either high, mod-
erate, or slightly above an arbitrary value of 0.110. Negative
sera had absorbance values below this cutoff. The results are
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FIG. 1. Performance of WB-UB method. Proteins from cells in-
fected with HSV-1 or HSV-2, as indicated, were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and blotted onto
nitrocellulose membranes which were subsequently cut into strips.
Strip 1 in the left panel was incubated with an HSV-1-negative serum,
while strip 1 in the right panel was incubated with an HSV-2-negative
serum. Strips 2 were incubated with monoclonal antibodies LP10 (left
panel) and AP1 (right panel), directed against gG-1 and gG-2, respec-
tively, while strips 3 were incubated with human sera. The positions of
gG-1 and gG-2 are indicated by arrows.

shown in Table 1. For both HSV-1 and HSV-2 analysis, the two
methods gave consistent results in 95% of the cases. In com-
paring the results from the two Western blot tests for each
serum (data not included in Table 1), the WB-UB test failed to
detect HSV-1 antibodies in one serum and HSV-2 antibodies
in two sera which were positive in the commercial test. Fur-
thermore, among those sera which were negative in the com-
mercial test for both types of virus antibodies, five were HSV-1
positive and three were HSV-2 positive in the WB-UB test. We
concluded that the WB-UB method was reliable for further
analysis of the sera.
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Detection of HSV-1 and HSV-2 antibodies in different age
groups by using WB-UB. Sera from patients in the various age
groups were analyzed for the presence of HSV-1 as well as
HSV-2 antibodies by using the WB-UB method and serum
dilutions as described in Materials and Methods. The results
are shown in Fig. 2. The prevalence of HSV-1 antibodies in-
creased gradually, from 73% for the group of 1- to 4-year-olds
to 92% for the group of 17- to 20-year-olds (Fig. 2B). As
expected, the prevalence of HSV-2 antibodies was markedly
lower but was still close to 20% among the youngest children.
There was a drop to 14% for the age group of 5- to 8-year-olds
and then a nearly linear increase to 42% for children ages 17
to 20. Maternal HSV-2 antibodies were most likely present in
some of the children under 2 years of age, since the number of
HSV-2-positive individuals was higher for this age group than
among those 2 to 4 years old (Fig. 2A). In contrast, the prev-
alence of HSV-1 antibodies increased markedly after 2 years of
age. Still, maternal anti-HSV-1 antibodies could be present in
the youngest children. Excluding individuals of <2 years of
age, the remaining 73 persons in the 1- to 4-year-old age group
had HSV-1 and HSV-2 prevalence rates of 74% and 8.2%,
respectively, as indicated by the horizontal bars in Fig. 2B.
Figure 2C shows the percentages of individuals with single or
dual infections in the different age groups. Single infections
with HSV-1 increased from the youngest to the second young-
est age group and then decreased. In contrast, dual infections
increased from 13% for the group of 5- to 8-year-olds to 41%
for the oldest group. Very few individuals in each group were
infected with HSV-2 only. All variations shown in Fig. 2, except
that for HSV-1 in panel A, were statistically significant, as
described in the figure legend. Except for the youngest group,
the prevalence of HSV-2 antibodies was only slightly higher
among girls than among boys, and the relative proportion of
infected females did not change in the two oldest age groups
(older than 13 years), where sexual activity would presumably
occur (results not shown). The prevalence of HSV-2 antibodies
was unexpectedly high.

TABLE 1. Comparison of commercial Western blot and WB-UB methods

No. of samples with result

- No. of No. of
Age No. of HSV Commerma! Western WB-UB consistent inconsistent
group (yr) samples type blotting results results
Positive Negative Positive Negative Inconclusive
1-4 25 1 10 15 11 14 0 24 1
2 [§ 19 5 20 0 24 1
5-8 20 1 10 10 10 9 1 18 1¢
2 4 16 6 14 0 18 2
9-12 20 1 10 10 11 9 0 19 1
2 8 12 8 12 0 18 26
13-16 21 1 10 11 11 10 0 20 1
2 7 14 7 14 0 21 0
17-20 19 1 10 9 11 8 0 18 1
2 7 12 7 12 0 19 0

“ One sample gave inconclusive results.

® One sample was positive by commercial Western blotting and negative by WB-UB, and another gave the opposite results.
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FIG. 2. Analysis of sera for antibodies against HSV-1 and/or
HSV-2. An analysis of sera by WB-UB for antibodies against HSV-1
and/or HSV-2, as related to age groups, is shown in panel B. Statistical
methods were used to investigate whether the differences in prevalence
between the age groups were significant. For HSV-1 antibodies, the
results were as follows: x> = 15.68, df = 4, and P = 0.003. For HSV-2
antibodies, the results were as follows: x> = 27.72, df = 4, and P <
0.001. The horizontal bars for the 1- to 4-year-old age group indicate
the prevalence of HSV-1 and HSV-2 antibodies, respectively, in the
subgroup of 2- to 4-year-olds. In panel A, the 1- to 4-year-old age
group is split into two subgroups, <2 years and 2 to 4 years. Statistical
methods were used to analyze the differences between the age groups.
For HSV-1 antibodies, the results were as follows: P = 0.80 and OR
(95% CI) = 1.14 (0.43 to 3.01). For HSV-2 antibodies, the results were
as follows: P < 0.001 and OR (95% CI) = 0.12 (0.04 to 0.36). Panel C
shows the percentages of uninfected and single- and double-infected
individuals in each age group.

Analysis of children’s sera by peptide-ELISA methods. Al-
ternative methods for specific detection of HSV-1 or HSV-2
antibodies include different ELISAs, both commercial meth-
ods and recently developed methods based upon the anti-
genicities of two different oligopeptides specific for HSV-1 and
HSV-2 (16, 24). However, the performances of these methods
in a pediatric population have not been evaluated. The two
peptide-ELISA methods developed in our laboratories were of
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particular interest and were used to analyze the sera that were
already characterized by the WB-UB method.

Cutoff values were calculated for each age group by using
the ROC method, as described in Materials and Methods.
Furthermore, all sera were also considered as a single group,
for which common cutoff values were calculated for HSV-1
ELISA and HSV-2 ELISA. Positive or negative results consis-
tent with those from the WB-UB method were categorized as
truly positive or truly negative. False-positive results were pos-
itive in the ELISA but negative in the WB-UB test, and the
opposite was the case for false-negative results. The results are
shown in Table 2. For both ELISAs, the number of false results
decreased markedly with age, from 14 and 11 for HSV-1 and
HSV-2, respectively, for the group of 1- to 4-year-olds to 4 and
0, respectively, for the oldest age group. Sensitivities and spec-
ificities for the two ELISAs were calculated for each age group
and also for all 565 sera as a single group. HSV-2 ELISA
performed better than HSV-1 ELISA in all cases. However,
the performances of both tests were markedly better for the
group of 17- to 20-year-olds than for the youngest groups. With
separate cutoff values for each age group, the total numbers of
false-positive and false-negative HSV-1 samples were 15 and
43, respectively. A single cutoff for all 565 sera, however, led to
7 false-positive and 69 false-negative results (Table 2). This
indicates that a common cutoff might be used for all age groups
when analyzing HSV-2 antibodies, whereas cutoff values cal-
culated for each age group might give more reliable results
when analyzing HSV-1 antibodies.

HIV antibodies. By initial screening, 458 samples were neg-
ative for HIV and 107 samples were found to contain HIV
antibodies. In 18 cases, there was an insufficient amount of
serum to confirm the screening results. Of the remaining sera,
69 were confirmed as positive, 15 were indeterminate, and 5
were negative. Nine sera showed indications of seroreactivity
to HIV-2 in addition to HIV-1, but the potential presence of
HIV-2 was not analyzed further. The confirmed HIV seropos-
itivity among all individuals was thus 12.2%. The relationships
between antibodies against HSV-2 and those against HIV for
the various age groups are shown in Table 3. The majority
of the samples containing insufficient amounts of sera to con-
firm the HIV positivity observed in the screening test were
most likely HIV positive and therefore were included as pos-
itive results in Table 3. The reason for doing this is that only
7% (5 of 69) of screening-positive samples were negative in the
confirmation test. Indeterminate samples were omitted from
the table. The table shows that for all age groups, HSV-2
seropositivity was higher among HIV-positive than among
HIV-negative individuals. However, the differences were not
significant in this situation or in the case where all samples with
insufficient amounts of serum were omitted from the analysis.
Furthermore, in examining all 565 samples as a single group,
there was no statistically significant association between sero-
positivities for HSV-2 and HIV.

DISCUSSION

We have studied the prevalence of antibodies against herpes
simplex viruses in children and young people in Tanzania. The
individuals comprising the cohort of our study presented at an
outpatient clinic in Dar es Salaam, Tanzania. Mostly, they
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TABLE 2. Performances of peptide-ELISAs relative to that of the WB-UB method
Test performance
Age Total no. of Result HSV-1 ELISA HSV-2 ELISA
group (yr) samples e . e .
Cutoff® No. of Sensitivity ~ Specificity Cutoff®® No. of Sensitivity  Specificity
samples (%)° (%)° samples (%) (%)*
1-4 101 Positive 0.125 62 83.7 81.5 0.095 19 95.0 87.6
Negative 22 71
False positive 5 10
False negative 12 1
5-8 111 Positive 0.140 79 84.9 88.9 0.095 16 100 94.7
Negative 16 90
False positive 2 5
False negative 14 0
9-12 123 Positive 0.155 97 924 77.8 0.095 30 100 95.7
Negative 14 89
False positive 4 4
False negative 8 0
13-16 v 100 Positive 0.110 79 94.0 81.3 0.100 32 96.7 100
Negative 13 67
False positive 3 0
False negative 5 1
17-20 130 Positive 0.145 116 96.7 90.0 0.095 55 100 100
Negative 9 75
False positive 1 0
False negative 4 0
All samples 565 Positive 0.155 407 85.5 92.1 0.095 153 99.3 94.6
Negative 82 389
False positive 7 22
False negative 69 1

“ Values apply to the age group, not to a particular result within the group.
b The cutoff values are measures of absorbance.

presented with symptoms of fever, and a number of individuals
were suffering from malaria. Medical records were not ob-
tained from the clinic, so we do not know if any particular
diseases might have increased the frequency of HSV infections
in the cohort. As such, our cohort might not be fully represen-
tative of the population in general. However, the conclusions
that we drew concerning the age distribution and serotype
specificity are not affected by this limitation.

The data were generated by using the WB-UB method as
well as peptide-ELISA methods for specific detection of HSV
antibodies. Similar Western blot methods have been used suc-
cessfully in other studies (2, 21, 43). The present method per-

formed well in comparison with a commercial Western blot
method (Table 1). The HSV-2-specific ELISA method has
been evaluated in several studies (31, 33) and was shown to be
as sensitive and specific as commercial methods. Furthermore,
the HSV-1-specific ELISA performed well in a separate study
(16). Included in the commercial immunoblot kit is a standard
which stains weakly and indicates the lower limit for specific
detection of HSV antibodies. Since a similar low limit was not
used for the WB-UB method, some sera with low levels of
antibodies might score positive by this method but not by the
commercial one. This could explain some of the few inconsis-
tent results shown in Table 1. Among all seven sera that were

TABLE 3. Presence or absence of HSV-2 antibodies in HIV-positive and HIV-negative sera

HIV negative HIV positive®
Age

roup (yr HSV-2 HSV-2 % HSV-2 HSV-2 HSV-2 % HSV-2 P value Odds ratio

group () negative®  positive? Total” positive negative®  positive® Total® positive (Fisher’s exact test) (95% CI)
1-4 67 15 82 18.3 11 4 15 26.7 0.48 1.62 (0.45-5.81)
5-8 79 13 92 14.1 13 3 16 18.8 0.70 1.40 (0.35-5.61)
9-12 74 22 96 22.9 15 7 22 31.8 0.42 1.57 (0.57-4.33)
13-16 59 27 86 314 6 5 11 45.5 0.50 1.82 (0.51-6.49)
17-20 61 45 106 42.5 11 10 21 47.6 0.81 1.23 (0.48-3.15)

¢ HIV-positive samples are those that were positive by screening and by the confirmation test and, additionally, those that were positive by screening but with
insufficient amounts of serum for the confirmation test. Samples with indeterminate HIV status were excluded.

® Values are numbers of samples.
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WB-UB positive and negative in the commercial Western blot,
five samples were weakly positive by the peptide-ELISA meth-
ods. The observation that the two ELISA methods perform
better for older age groups than for young children (Table 2)
is consistent with observations by others that analysis may be
less accurate for pediatric than for adult sera (1). Many studies
in which Western blotting and ELISA have been used have
been performed on sera from the United States or European
countries. However, Hogrefe et al. (13) analyzed 781 sera from
various African countries and reported concordance between
WB and ELISA in approximately 95% of the cases. These
methods should therefore also be suitable for analysis of Af-
rican sera.

The present results show that HSV-1 infections occur early
in life in Tanzania, as 74% of the individuals aged 2 to 4 years
old had specific antibodies, and >80% of children in the age
group of 5 to 8 years had specific antibodies. These figures are
nearly two times higher than those obtained from similar stud-
ies in Sweden (39) and Germany (43) but are rather close to
the results from a study in Eritrea (10). The prevalence of
HSV-2 antibodies was unexpectedly high, as 15% of the chil-
dren were infected at an age of 8 years, with an increase to 40%
for the group of 17- to 20-year-olds. In contrast, <5% of
German and Estonian children had HSV-2 antibodies before
the onset of sexual activity (40, 43), and such antibodies were
detected in only 1 of 70 children’s sera from Eritrea (10).

Although several reports have shown a significant associa-
tion between infections with HSV-2 and HIV in adult cohorts
(7, 8, 28), this was not observed in the present study of sera
from children and adolescent individuals. This was not surpris-
ing, as we expected many children to have congenital HIV
infections. Another reason for this difference could be that
adult cohorts often contain patients attending clinics for sex-
ually transmitted diseases.

If we excluded the infants that might have maternal anti-
bodies, the prevalence of HSV-2 antibodies in young children
was still remarkably high in our study. The reason for this is not
clear. Such a high rate of sexual abuse of 1- to 5-year-old
‘children seems very unlikely. If HSV-2 infections were related
to sexual activity, one might expect a marked increase after the
age when such activity starts. However, Fig. 2B shows an al-
most constant rate of increase of HSV-2 antibodies with age.
Furthermore, the proportion of infected girls did not increase
after the age of 13 years (results not shown). This might sug-
gest that nonsexual transmission of HSV-2 could be more
common than expected. Some observations support this idea.
Of numerous herpesvirus isolates from fingers/hands and other
extragenital regions, with the exception of the orofacial area,
nearly 50% were typed as HSV-2 and the rest were typed as
HSV-1 (22). It would thus be interesting to investigate possible
routes of nonsexual transmission of HSV-2 in cohorts similar
to that described in the present work.
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