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ABSTRACr There has been a recent increase in notifications of genital herpes but it is not known
whether this has been reflected in the pregnant population. We have therefore carried out a study to
determine the prevalence of herpes simplex antibodies in pregnant women and to estimate the
incidence of primary infection. Sera were collected from 3533 women at antenatal clinics and tested
for total antibodies to herpes simples virus (HSV), and if positive, for specific antibodies to HSV-2.
Estimates of HSV-1 seroprevalence were derived from the HSV-2 seronegative population. HSV-l
seroprevalence was nearly 100% in black women born in Africa or the Caribbean and 60-80% in
white, Asian and UK born black women. It was lower in women in non-manual employment. HSV-2
seroprevalence was related to age, rising from 0 at age 16 to 40% at age 35 in black women, and to
about 10% in Asian and white women. The estimated incidence of primary HSV-2 infection during
pregnancy, per 1000 pregnancies, was about 2-4 in Asian women, 5 in white women, and 20 in black
women. Estimates of the incidence of neonatal infection were derived from these figures and
compared to the nationally reported rates.

Maternal genital herpes infection at the time of
delivery may result in infection of the newborn infant
during passage through the infected birth canal, or by
ascending infection after rupture of the membranes.
Neonatal herpes is a serious condition with about 60%
mortality. '` Mortality is reduced by antiviral
chemotherapy,' though many surviving infants have
severe neurological and/or ocular sequelae.
The incidence of neonatal herpes varies in different

populations. A rate of 13 per 100 000 was reported in a
largely black population in the United States.4 In
England, Scotland and Northern Ireland 136 cases of
neonatal infection were notified in 1976-85 through
the Public Health Laboratory Service (PHLS)
(Communicable Disease Surveillance Centre,
unpublished). This amounts to about 14 cases per
year, a rate of about 2-3 per 100 000 births. In an
active monthly reporting scheme,5 paediatricians in
the United Kingdom have reported eight confirmed

cases over 13 months during 1986/7 (British Paediatric
Surveillance Unit, unpublished). However, less severe
and subclinical infection may go unreported, so that
these figures are likely to underestimate the true
incidence.
An increase in notifications of genital herpes has

been reported in clinics for sexually transmitted
diseases over recent years67 but it is not known
whether this increase has been reflected in the
pregnant population. Current information about the
prevalence, incidence and transmission of HSV
infections derives from serological- surveys and
cytological and virus isolation studies, conducted
mostly on North American populations. Widely
different seroprevalences are reported in these studies,
but interpretation is hampered by the variety of
laboratory techniques used and the substantial
cross reactivity between HSV-1 and HSV-2
antibodies.'
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Previously attempts have been made to remove
antibodies to type-common antigens by prior
absorption ofserum with HSV-1, leaving only HSV-2
antibodies.8 This is not practical for large numbers of
sera. However, it has recently become possible to
produce the HSV-2 type specific antigen gG29 and this
has enabled us to measure the prevalence of HSV-2
specific antibodies reliably, using a sensitive enzyme
linked immunosorbent assay (ELISA).
We describe here a sero-epidemiological study to

determine the prevalence of HSV-1 and HSV-2
antibodies in a population of pregnant women and to
estimate the incidence of primary infection from age
specific prevalence rates. The results are discussed in
the light of the incidence of neonatal herpes, groups at
risk and mechanisms of transmission.

Methods

STUDY POPULATION
Sera from 3533 women collected at the first antenatal
clinic attendance in a West London Hospital in 1980
and 1981 were examined for HSV antibodies. These
women had formed the basis for a prospective study of
cytomegalovirus infection in pregnancy,'0 and
information on their age, parity, marital status,
occupation, ethnic group and country of origin was
available from questionnaires administered by nurses
at the antenatal clinic. Sera collected from women
attending for a subsequent pregnancy during this
period were excluded.

LABORATORY METHODS
Sera were first screened for HSV antibodies by ELISA
using combined HSV-1 and HSV-2 membrane
antigens and an uninfected cell control antigen. ' I Sera
were tested at 1:200 dilution on antigen coated plates.
Bound IgG antibodies were detected with horseradish
peroxidase conjugated rabbit antihuman IgG (Dako
Ltd, High Wycombe). HSV seropositive specimens
were then tested by a similar ELISA for antibodies to
HSV-2 type specific antigen gG2, prepared by Helix
pomatia lectin affinity chromatography.9

Sera were considered positive if the specific
absorbance, the difference between absorbances on
HSV and control antigens, was greater than the mean
specific absorbance + 3 SD of three control sera.
Seronegative sera were used as controls in the HSV
assay, and HSV antibody positive sera from children
with HSV-1 infection in the HSV-2 assay.

STATISTICAL METHODS
The initial serological test identified total HSV
antibodies. As no HSV-1 specific antigen was
available, the analysis of HSV-1 seroprevalence is
based only on women who were HSV-2 negative. This

was regarded as an adequate measure of overall
HSV-1 seroprevalence because there is no a priori
reason to believe that HSV-1 and HSV-2 are
necessarily acquired by the same people. Also, HSV-1
seropositivity is common in adults (70-100%) and
HSV-2 seropositivity sufficiently uncommon that any
differences in HSV-1 seroprevalence between HSV-2
seropositive and seronegative individuals would have
to be extreme to influence the results adversely.

Separate analyses were performed to describe
overall seroprevalence of HSV-1 and HSV-2
antibodies and to examine potential risk factors for
which information was available, which were race,
age, marital status and social class. The woman's own
occupation was used to define social class, in view of
the large number of single women in the sample;
non-manual, manual and "other" groups were
distinguished. The latter group included unemployed
women and those not seeking employment. Data were
available for race (Asian, white, black and other) and
for country of birth, and this was used to define
"ethnic groups" (Asian/Indian Subcontinent, Asian/
Africa, White/British Isles, Black/British Isles, Black/
Africa, Black/Caribbean). As the risk factors were
highly correlated, a grouped logistic regression using
the GLIM package'2 was performed to examine which
factors were related to serostatus when others were
controlled for. Seropositivity rates are presented for
the most important risk factors, indirectly
standardised for the other factors. The indirectly age
standardised seroprevalence of a subgroup is the
seroprevalence of the standard population multiplied
by a standardising ratio, namely the number of
observed seropositives in the subgroup divided by the
number that would be expected if the standard age
specific rates were applied. The study populations
themselves were used to define the standard rates, and
the standardisation was performed separately within
each ethnic group.
The incidence of HSV-2 infection was estimated

from age stratified seroprevalence data.' 3-15 Using
standard survival time theory,'6 the proportion
seronegative at exact age a, S(a), was defined in terms
of the force of infection k(a):

S(a) = exp [- A(x) (1)
XAO

Where A. is the age at which infection is first possible.
Following Grenfell and Anderson'5 and earlier

"catalytic" models'7 we assume that a may depend on
age and express it as a polynominal of degree k:

k

X(a)= E bjai (2)
j=0
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Combining equations (1) and (2) we get Results

k
ln S(a) = I bj(Aoi'+-aa') (3)

j=0 j+1

For each ethnic group discrete time versions of such
models were estimated using the GLIM package,'2
with data grouped into 1 year strata. The number
seronegative in each age group Sa was modelled with a
logarithmic link function and binomial error with
denominator Na, the total number of women at age
a.18
Models were fitted with various values ofA. and the

value giving the best fit selected. A. is the earliest age
at which individuals are at risk of acquiring infection:
as HSV-2 is sexually transmitted, this age cannot
logically postdate the age at antenatal clinic
attendance, so the age ofthe youngest group was taken
as a maximum for AO.
Given a fitted incidence ia and proportion

seronegative Sa at each age a, and assuming a 9 month
gestation period, the proportion of pregnancies in
which HSV-2 seroconversion occurs can be estimated
by summing over age strata as follows:

0 75 Z;a Xa Sa Na (4)

laNa

The proportion of pregnancies in which HSV-2
seroconversion occurs in an HSV-1 negative
individual was also estimated. Where Ha is the
proportion HSV-1 negative at age a, this is:

0-75 Sa ia Sa Ha Na

ZaNa

The standard error of expression (4) was estimated by
simulation. One hundred sets of age specific
seronegative rates Sa were generated by adding a
random quantity, ra, at each age to the fitted Sa. It was
assumed that ra was normally distributed with mean
zero and a variance determined by the fitted
seroprevalence rate, according to the normal
approximation to the binomial:

Sa = Sa + ra, r N(O,[Sa(l - Sa)/NaI)

A constant incidence (k =0) version of equation (3)
was fitted to each set of Sa and the annual rate of
pregnancies with an HSV-2 seroconversion was
estimated from expression (4).

HSV-1 AND HSV-2 SEROPREVALENCE
Table 1 gives the percent seroprevalence for HSV-1
and HSV-2 for ethnic group, age, parity, social class,
and marital status. Broad differences are evident in
HSV-2 seroprevalence with single women more likely
to be seropositive than those married or cohabiting,
and black women more likely to be seropositive than
Asian or white. The consistent increase in
seroprevalence with age is illustrated in the figure. In
the white and Asian groups there is an increase from
zero at 16 years to 10% or less in the early 30s. By
contrast all three black groups show a much higher
seroprevalence, over 30% becoming seropositive by
age 25. At each age the three groups of black women
have a very similar seroprevalence.

Table 1 HSV-J andHSV-2seroprevalencebyethnicgroup,
age, marital status and social class

HSV-1 HSV-2

n % positive n % positive

Ethnic group
Asian, Indian subcontinent
Asian, Africa
White, British Isles
Black, British Isles
Black, Africa
Black, Caribbean
Others

Age
<20
20-24
25-29
30-34
>, 35

Marital status
Single
Married and/or cohabiting

Woman's social class
Non-manual
Manual
Other

Overall rate

717
460
1138
215
106
220
301

72-5 742 3-4
68-5 476 3-4
80-1 1226 7-2
75-3 252 14 7
%-2 169 36-5
92-3 328 32-9
81-4 332 9-3

521 74-9 545 4-4
1122 77-3 1240 9-5
911 76-6 1027 11-3
444 80-9 515 13-8
164 90 9 202 18-8

686
2475

82-1 821 164
76-7 2707 8-6

1042 72-2 1171 11-0
653 81 6 732 10-8
1471 79-6 1630 9-8

3166 77 9 3533 10-4

HSV-I seroprevalence rates show considerably less
variation between ethnic groups, although black
women born in the Caribbean or in Africa were more
likely to be seropositive (92%, 96%) than Asian
women or women (black or white) born in the British
Isles (73%-80%).
A logistic regression analysis revealed different risk

factors for HSV-1 and HSV-2 seropositivity. Table 2
gives x2 significance tests for each factor when the
others are accounted for. HSV-l is strongly associated
with ethnic group and with social class. There is a
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Figure Percent HSV-2 seropositive at each age, by ethnic group. (Age groups with less than 20 observations are excluded)

statistically significant relation with age, with the
under 20 year group having lower seroprevalence and
the over 35 year group having a higher seroprevalence,
as might be expected from Table 1.

Table 2 Logistic regression: likelihood ratio x2 tests for
statistical significance of each factor when all others are

accountedfor

df HSV-I HSV-2

Ethic group 5 88-4t 228-9ta
Age 4 18.9* 67-2t
Marital status 1 2-4 8-O*a
Social class 2 40-Ot 4-6

* p < 0-005; t p < 0 0001.
a = Interaction between ethnic group and marital status: X= 171, p < 0005.

Table 3 Percent seropositive HSV-1 (SEM) by social class,
indirectly standardised within each ethnic group for age and
marital status

Non-manual Manual Other

Asian 52-8 76-3 76-3
Indian subcontinent (4-6) (2-8) (2-2)

Asian 64-8 73-2 68-5
Africa (3 6) (3 7) (3-8)

White 75-3 87-2 81-5
British Isles (2.1) (2-4) (1-7)

Black 71-6 96-6 75-1
British Isles (5 3) (11 6) (3 8)

Black 93-2 99-5 97 0
Africa (4-7) (4-5) (3-0)

Black 88-0 96-9 95-3
Caribbean (3 2) (5 4) (2-8)

Table 4 Percent seropositive HSV-2 (SEM) by marital
status, indirectly standardised within each ethnic groupfor age

and social class

Married and/or
Single cohabiting

Asian - 3.4
Indian subcontinent (0 7)

Asian 3-4
Africa (0 9)

White 12 2 5-8
British Isles (2-1) (0 8)

Black 13-0 2116
British Isles (2 3) (4*3)

Black 37-3 36-3
Africa (7 8) (41)

Black 36-7 29-7
Caribbean (3-7) (3 2)

HSV-1 seropositive rates for each social class
category are presented in table 3, standardised within
ethnic groups for age and marital status. Women in the
non-manual group had rates between 6-3% and 24%
less than those in the manual group. Seroprevalence in
the "other" category was generally between the
manual and non-manual groups.

Seroprevalence for HSV-2 on the other hand was

more strongly related to age and marital status, as well
as ethnic group (table 2). When these factors were

controlled for there was no association with social
class. There was however a statistically significant
interaction between ethnic group and marital status (X2
= 17-1, p < 0 005), which is illustrated in table 4.
Among white women, the age and class standardised
seroprevalence was twice as high in single women as
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in those married or cohabiting, whereas among the
black groups the difference was less marked, and not
present at all in those women born in the British Isles.
(Under one percent of Asian women were single, so
standardised rates have not been calculated for this
group.) Other interactions between risk factors were
tested but none were statistically significant at the
p < 0 05 level.

ESTIMATED SEROCONVERSION RATES
The figure suggests that at any given age there is a
similar HSV-2 seroprevalence among black women
irrespective of country of birth. The three subgroups
were therefore combined. Among white women, single
and married have different age specific seroprevalence
rates (table 4) and incidence rates were calculated
separately because combining two groups with
different age specific rates as well as different age
distributions would lead to a seriously biased result.

Fitting models of the form of equation (3), with
different values of A., no statistically significant
improvement in fit was obtained beyond k = 0 in any
ethnic group, so it was assumed that seroconversion
rates are constant across age. The best fitting values of
A0 ranged from 12-6 to 17-5 years.
The estimated seroconversion rates for each ethnic

group are presented in table 5. They vary from 2 5 and
4-1 per 1000 per year in Asian women to 6-0 in married
white women, 11 9 in single white women, and 35-4
in black women. The estimated number of
seroconversions occurring during 1000 pregnancies
necessarily follows a similar pattern: 1 9-2-9 in Asian
women, 4 1-8 0 in white women and about 20 in black
women.
A different pattern emerges in the number ofHSV-2

seroconversions estimated to occur in women who are
seronegative for HSV-1. The high HSV-2
seroconversion rate in black women born in Africa or
the Caribbean was offset by their high prevalence of
HSV-1 antibody (95-96%), so the estimated number
of HSV-2 seroconversions in pregnancy that are
primary HSV infections is comparable in Asian
women, white women and black women born overseas
(0-5-1-6 per 1000). Black women born in the British
Isles, however, have a high HSV-2 seroconversion rate
but only 76% are HSV-1 seropositive, and thus they
run the highest risk of primary HSV infection in
pregnancy (5 7 per 1000).

Discussion

HSV-1 SEROPREVALENCE
Seroprevalence of HSV-1 antibody was relatively
high: 80% in white women, 70% in Asian, 90% in
black women born overseas and 75% in UK born
black women. These results compare with 50-90%

Table 5 EstimatedHSV-2 annual seroconversion rates, and
rates of HSV-2 seroconversion in pregnancy, with standard
errors in parentheses

HSV-2 seroconversions per
10(Y pregnancies

Annual HSV-2 HSV-1
Sample seroconversion negative
size rate per 1000 All women women

Asian, Indian 742 2-5 19 05
subcontinent (0 8) (0 6) (0-2)

Asian, Africa 476 41 29 09
(1-2) (0 8) (0-3)

White, British 338 11.9 8-0 1-6
Isles (single) (2-8) (1-8) (0-4)

White, British 884 6-0 41 0-8
Isles (M/C) (1-1) (0 7) (0 2)

Black, British 251 35-4* 22-3 5-7
Isles (3 3) (18) (0 8)

Black, Africa 167 35-4* 17-1 0-7
(33) (1 1) (03)

Black, Caribbean 327 35-4* 18-0 1-4
(3 3) (1-2) (0-3)

Data pooled to give a single estimate

HSV-1 seroprevalence in a middle class population in
Washington State,'9 50-70% in a largely black
population in Atlanta,20 and 53% in white and 74% in
black from a late 70s nationwide American survey.21
Studies conducted in the 40s and 50s found 90%
prevalence in almost all populations.22 A 1953 British
survey of middle class children aged 3-15 found 85%
had HSV-l antibodies compared with 41% in 1965.23
Our study gives little support to the suggestion' that
HSV-1 seroprevalence rates are falling in
industrialised countries. Lower seroprevalence among
women in higher social classes, which has been
reported frequently,24 was confirmed in this study.

HSV-2 SEROPREVALENCE
The acquisition of HSV-2 is likely to be related to
sexual activity: antibodies are rarely detected until
puberty. According to one review 80% of female
prostitutes had antibodies compared with only 3% of
nuns.22 In a survey carried out in 1981, about 15% of
middle class white adults in Toronto aged between 22
and 45 years of age had HSV-2 antibodies and
prevalence was strongly related to sexual activity.25 In
women attending obstetric clinics in Seattle, HSV-2
antibodies were detected in 46% of lower
socioeconomic class women and in 23% of middle
class women.' Recent sero-epidemiological studies in
Atlanta, Georgia detected antibody to HSV-2 specific
protein G2 in 35% of women attending a health
maintenance organisation gynaecology clinic.2'
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The results from North America tend to give higher
HSV-2 seroprevalence than this study. This could
partly be due to differences in laboratory methods.
Although we have used a sensitive ELISA test, which
is more likely to detect lower levels of antibodies than
the neutralisation and complement fixation used in
most earlier studies,22 23 previous assay systems were
less type specific, so that false HSV-2 positives may
have been more frequent in groups with higher HSV-l
seroprevalence.

In this study HSV-2 seroprevalence depended
strongly on ethnic group: 3-4% ofAsian women, 7-2%
of white and up to 38% of black women were
seropositive. Control populations tested in studies of
HSV-2 and cervical cancer have shown
seroprevalence in black women twice that in
whites.26 27 In a national United States survey, HSV-2
antibodies were between 2 and 5 times more prevalent
in black people than in whites.2' Social class was not
an important risk factor in this population, in contrast
to previous studies.25 28

ESTIMATED INCIDENCE OF HSV-2
The calculation of incidence from age specific
prevalence rates 14 assumes that antibodies persist,29
that there are no secular changes in incidence, and that
there are no relevant differences between pregnant
women of different ages. In view of changes in sexual
behaviour in the last 30 years it is unlikely that the
latter two assumptions could be defended. But so long
as their limitations are understood, incidence
estimates derived in this way may still throw light on
the transmission of HSV-2 and risk factors for
neonatal HSV.
The relation between maternal and neonatal herpes

is not properly understood. Factors that must be
considered are the respective roles of HSV-1 and
HSV-2, of recurrent and primary maternal infection,
and the protective effect of maternal antibody. About
80% of neonatal infection is caused by HSV-2 and
20% by HSV-1.3 However, most of the latter
infections appear to be acquired from non-maternal
sources.30 Primary maternal infections are much more
likely than recurrent infections to lead to neonatal
infection. This may be due to the higher titre of virus
shed, and the longer duration of shedding in primary
infection,22 or to the protective effect of maternal
antibodies in recurrent infection. In a recent study, 34
children were born to mothers with recurrent infection
at delivery, but none acquired neonatal infection and
their antibody levels were significantly higher than
those of infected neonates.' For these children
exposed to recurrent maternal infection the upper
95% limit for the risk of transmission was 8%. By
contrast, primary infection at delivery is estimated to
have a 50% risk of neonatal infection.32

Recurrent infections are more common than
primary ones but the proportion ofneonatal infections
attributable to primary versus recurrent maternal
genital infection is not known. In antenatal
examinations it was found that 15% of women who
were shedding HSV had primary infection and 85%
recurrent.32 Ifwe assume that the risks of transmission
following primary and recurrent infection are 50%
and 5% respectively, we should expect 65% of
genitally acquired neonatal herpes to follow primary
infection. This estimate agrees with data from Whitley
et al33 who note that the majority of mothers of
neonatally infected infants report no history of genital
herpes.
Taken together the research described above

suggests that the main risk factor for neonatal
infection is primary HSV-2 infection. It is therefore of
interest to consider how estimates ofprimary maternal
HSV-2 incidence might relate to the reported
occurrence of neonatal herpes. The average rate in
white women was estimated to be about five primary
infections per 1000 pregnancies. Assuming an 11 day
period of viral shedding,34 and a 50% transmission
rate,32 10 neonatal infections per 100 000 births would
be predicted. This is considerably higher than the 2-3
laboratory reports to the PHLS per 100 000 births.
One possible reason for the disagreement is that
primary HSV-2 may be less likely to cause neonatal
infection if the mother has HSV-l antibodies. The two
types are antigenically similar,' and it is known that
antibody response to HSV-2 is modified in adults with
a previous HSV-1 infection.34-36 In addition
serological studies have shown that HSV-2 infected
infants lack antibodies to both HSV-2 and
HSV-l.2 30 31

A primary HSV-2 infection in an HSV-1
seronegative woman was estimated to occur in about I
per 1000 pregnancies, in all ethnic groups with the
exception of black women born in the UK. On this
basis two neonatal infections per 100 000 would be
expected. This is in much closer agreement with the
numbers reported through the PHLS, which provides
some support for the view that maternal HSV-1
antibody may protect against neonatal HSV-2.
However, too much reliance cannot be placed on such
a post hoc analysis. In particular our projection from
maternal HSV-2 incidence to neonatal infection takes
no account ofchanges in the sexual behaviour ofeither
women or their partners as pregnancy progresses; and
the PHLS figures will include non-maternally
acquired infections, while excluding less severe and
asymptomatic cases.
The American Academy of Paediatrics has

recommended that women with a history of genital
infection be cultured for HSV in the last weeks of
pregnancy.37 Women with genital lesions or positive
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cultures were to be advised to have a caesarean
delivery. However, our estimates of the incidence of
neonatal herpes are based on primary maternal
infection alone. To the extent that these estimates
correspond fairly well to the observed rates, the
present findings, in common with recent North
American research,38 would tend to argue against a
screening policy based on recurrent infection.

This research was funded by the Wellcome Trust. Dr
M Forsgren of the Central Microbiological
Laboratory, Stockholm, kindly provided the sera
which enabled the specificity of the assay to be
assessed.
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Epidemiology Department, 30 Guilford Street,
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