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Abstract Herpes simplex virus (HSV) transmitted from mother to child around the
time of delivery can cause potentially fatal disease in the newborn. Women
who experience their first genital HSV infection in pregnancy are at the
highest risk of transmitting the virus to their newborn. Efforts to prevent
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vertically transmitted HSV disease can be directed in the following three ways:
(i) prevent maternal genital HSV infection; (ii) prevent transmission during
pregnancy and delivery; or (iii) postnatally prevent disease in an exposed
newborn. Oral aciclovir and valaciclovir given prophylactically in late preg-
nancy have been shown to limit clinical recurrence of genital herpes, shedding
of HSV at delivery and the rate of caesarean delivery for past HSV disease.
However, there are insufficient data to determine the effect of oral antiviral
prophylaxis in pregnancy on neonatal HSV disease. Neonatal HSV disease
should always be treated with systemic antiviral therapy. There is currently no
vaccine licensed to prevent genital herpes, although a number show promise in
clinical trials. The role of intrapartum antiviral therapy and postnatal strate-
gies to prevent neonatal HSV disease require further evaluation.

1. Herpes Simplex Virus (HSV) Biology
and Epidemiology

Herpes simplex virus (HSV) is a ubiquitous
pathogen that causes a large burden of disease
worldwide, particularly in the immunocompro-
mised and the newborn.[1] There are two HSV
serotypes: (i) HSV type 1 (HSV-1), which mainly
causes orolabial and CNS infections; and
(ii) HSV type 2 (HSV-2), which is the major cause
of genital HSV disease. However, both serotypes
can cause HSV disease at either end of the body.
HSV establishes life-long latency in the sensory
ganglia after acute infection, often followed by
frequent reactivation and shedding of infectious
virus from the site of infection, which is often
subclinical. These properties, coupled with the
capacity of some HSV proteins to modulate the
host’s immune response,[2,3] are a major hin-
drance to the success of public health measures to
prevent HSV transmission.

Genital herpes has recently been shown to play
a major role in the HIV pandemic, especially in
developed countries, where individuals with gen-
ital HSV infection display an increased risk of
HIV infection after exposure, and an increased
rate of HIV transmission to others (including by
vertical transmission) once infected.[4,5] Whether
HIV-positive women have an increased risk of
vertical transmission of HSV to their offspring
has not been fully defined.

One of the most devastating sequelae of geni-
tal HSV disease is infection in the newborn.
Although an uncommon complication of genital

herpes, neonatal HSV disease carries high mor-
tality and morbidity.[6] This review provides an
update on the natural history of neonatal HSV
disease, methods of diagnosis, and current stra-
tegies for treatment of primary neonatal infection
and reactivation. It primarily focuses on pharma-
cological strategies to prevent vertical transmis-
sion of HSV, in particular, antiviral therapy for
pregnant women with genital herpes and their
partners. A summary of non-pharmacological
methods is also provided.

2. Natural History of Neonatal HSV
Disease

2.1 Incidence and Epidemiology

Reported rates of neonatal HSV disease and
the predominant serotype responsible vary
around the world. In the US, the reported in-
cidence is 20–60 cases per 100 000 live births.[6-8]

The reported incidence is lower in the UK,
Australia and Japan, with reported national
averages of 1.5–4 cases per 100 000 live births.[9-11]

Differences in reported rates may partly reflect
differences in reporting systems, but may also
reflect differences in the seroprevalence of
each HSV serotype, differences in obstetric
practices and potentially differences in sexual
practices.[12] Both HSV-1 and -2 can cause neo-
natal HSV disease. In the US, approximately 70%
of cases are due to HSV-2, whereas in Australia,
the UK and Japan, HSV-1 causes ‡50% of
infections.[6,10,11]
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2.2 Routes of Transmission

The commonest route by which the newborn
acquires HSV (85%) is by passage through an
infected birth canal. The remainder, approxi-
mately 10–15% of neonatal infections, are ac-
quired postnatally by contact with an infected
caregiver, while 5% of cases are true intrauterine
infections, which carry a different spectrum
of disease.[13-15] HSV typically enters through
the mucoepithelium of the eye or nasopharynx
of the neonate, but infection can also occur after
ingestion or inhalation of infected maternal
secretions or at the site of scalp skin trauma
from the use of invasive obstetric devices such as
scalp electrodes, ventouse/vacuum extractors or
forceps.[13] Intrauterine infection can occur from
transplacental transmission after maternal vir-
aemia or after an ascending infection from the
cervix.

2.3 Clinical Presentation of Neonatal HSV
Disease

Perinatal HSV disease in the newborn mani-
fests in the following four ways: (i) as disease loca-
lized to the skin, eye and mouth (SEM disease);
(ii) as encephalitis alone; (iii) as a disseminated
multi-organ system infection with or without en-
cephalitis; or (iv) as isolated pneumonitis.

Recent reviews from around the world in-
dicate that approximately 50% of infants present
with SEM disease.[6,11] This typically presents at
approximately 10–11 days of age and carries a
very low to no risk of mortality, although without
appropriate antiviral therapy infection will
spread to the CNS or viscera in up to 70% of these
infants and just under half will have late-onset
neurological impairment.[13] Around 25–30% of
infants present with HSV encephalitis. Most of
these infants do not have cutaneous manifesta-
tions. Signs at presentation are therefore non-
specific, such as temperature instability, poor
feeding and seizures in the second or third week
of life.[13] Neonatal HSV encephalitis has a
mortality rate of up to 50% if untreated, but
mortality is significantly reduced by the early in-
troduction of antiviral therapy.[16,17] However,

HSV encephalitis carries a high risk of long-term
neurological sequelae in survivors.[13,16,17]

The remaining 25–30% of infants with multi-
organ HSV disease typically present in the first
week of life with disseminated intravascular coa-
gulation, respiratory distress and/or jaundice.
Once again, cutaneous manifestations of HSV
are often absent. Mortality of this form of infec-
tion is high, i.e. approximately 30% with prompt
initiation of antiviral therapy ranging up to 85%
in the absence of therapy, and up to 30% will
develop long-term sequelae.[16,17] A particularly
virulent form of multi-organ infection is neonatal
HSV pneumonitis, which typically presents at
about 3–7 days of life as respiratory distress in a
term infant who is otherwise well at birth.

HSV can also rarely be transmitted from the
mother to the fetus via the placenta.[15] Intra-
uterine HSV infection is characterized by the
presence of skin, eye and neurological manifes-
tations at birth, including microcephaly, skin
scarring and microphthalmia.

2.4 Risk Factors for Transmission

The maternal risk factors for vertical trans-
mission of HSV are listed in table I.

2.4.1 Type of Maternal Genital Infection/Virus in the
Genital Tract

Women who acquire their first genital HSV
infection in pregnancy have a greater risk of

Table I. Risk factors for vertical transmission of herpes simplex

virus (HSV)

Risk factor References

Virus in genital tract at delivery 8

First genital HSV disease in late pregnancy 18,19

HSV serodiscordant partner 20

Low maternal HSV type-specific antibody

at delivery

21,22

Invasive obstetric proceduresa at delivery 8

Vaginal delivery with infectious HSV in

genital tract

8

HSV type 1 genital HSV disease 8,19

HIV co-infection 23

a Scalp electrode, forceps, ventouse extractors.
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transmitting HSV to their infant during delivery
than women who have recurrent genital herpes.
Primary genital HSV infection late in pregnancy
is associated with attack rates of 30–60% for
neonatal HSV infection compared with 1–3%
after reactivation of genital herpes.[7,8,18] One of
the largest studies defining risk factors for ma-
ternal transmission of HSV analysed intrapartum
viral shedding in the birth canal of almost 40 000
pregnant women in the US.[8] HSV in the genital
tract was detected in labour in 0.5% of women,
5% of whom (10 of 202) had infants with neo-
natal HSV infection compared with 0.02% (6 of
39 821) of women with negative genital cultures.
Of those who had type-specific serology per-
formed, 85%were seropositive for theHSV serotype
isolated on genital culture at delivery, suggesting
recurrent genital herpes, and 15% had serological
evidence of their first episode of genital herpes.
Transmission to the newborn was reported in 8 of
26 (30%) first episodes of genital herpes com-
pared with 2 of 151 (1.3%) episodes of shedding
from recurrent herpes.[8]

2.4.2 Presence of Maternal HSV Type-Specific
Antibody at Delivery

One reason for the lower rate of vertical
transmission by women with recurrent genital
herpes is that they have transferred neutralizing,
HSV type-specific antibody to their fetus. Wo-
men who seroconvert to HSV well before the
onset of labour appear to have a lower risk of
having an infant with neonatal HSV disease than
women who acquire their first infection in late
pregnancy.[21] Prior maternal HSV-1 antibody
appears to provide little protection against the
acquisition or vertical transmission of genital
HSV-2 infection.[8,19] The level of transferred
HSV type-specific antibody can also influence the
outcome of neonatal HSV disease; infants with
mild infections have higher titres of transplacen-
tally derived antibody than infants with severe
disease who have lower titres.[22]

2.4.3 Serotype of Maternal Genital Infection

Recent studies suggest that HSV-1 in the genital
tract may be transmitted more readily to the infant
than HSV-2. Prospective analysis of over 40 000

deliveries in the US suggested HSV-1 isolation at
delivery carried an almost 17-fold greater risk of
vertical transmission than HSV-2 (95% CI 4.1,
65).[8] Pooled analyses from 78 cases of neonatal
HSV disease and known maternal HSV serostatus
in the US and Sweden suggested that during
reactivation, HSV-1 appears more readily trans-
missible to the neonate than HSV-2.[19]

2.4.4 Invasive Obstetric Procedures

If virus is in the genital tract, the use of fetal
scalp electrodes increases the risk of neonatal
HSV disease.[7,8] This has been extrapolated to the
use of other invasive procedures such as artificial
rupture of membranes where the scalp is scarred,
and the use of forceps or vacuum extractors.

2.4.5 Serodiscordant Partner

Studies have shown that an HSV seronegative
woman is at risk of acquiring genital herpes during
pregnancy if her partner is HSV seropositive.[20]

This is particularly true for anHSV-2 seronegative
woman with an HSV-2 seropositive male partner.
However, genital infection can be acquired from
an HSV-1 seropositive partner by orogenital con-
tact or by genital contact if the partner has genital
herpes due to HSV-1. The high frequency of sub-
clinical shedding of HSV means that transmission
can occur even in the absence of identifiable
lesions or symptoms such as tingling.

2.4.6 HIV Co-Infection

Another possible risk factor for vertical
transmission of HSV is HIV co-infection. HSV-2
infection has been shown to be a risk factor for
the acquisition of HIV in adults,[24] at least in
some parts of the world. One recent case control
study from the US reported that vertical trans-
mission of HIV was not increased in the presence
of maternal HSV-2 seropositivity,[25] whereas
another recent study, from Thailand, showed a
2- to 3-fold increased risk of perinatal HIV
transmission in HSV-2 seropositive women
compared with HSV-2 controls (adjusted odds
ratio 26; 95%CI 1.0, 6.7).[23] The effect of HIV on
HSV vertical transmission has not been fully
defined. Importantly, the prevalence of HSV-2
shedding in African HIV-positive women is
greater than in HIV-negative female patients, and
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the risk of HSV reactivation in pregnancy is
increased (8% vs 1–2%).[25]

3. Diagnosis of Neonatal Herpes

As the symptoms and signs of neonatal HSV
infection are nonspecific, child health providers
must have a high index of suspicion and com-
mence empirical systemic antiviral therapy while
awaiting confirmation from laboratory tests.
Laboratory tests required in the evaluation of an
infant are listed in table II.

Cerebrospinal fluid (CSF) should be obtained
from all infants with suspected neonatal HSV
disease for polymerase chain reaction (PCR), cell
count and biochemistry. Some laboratories will
also assay CSF for viral culture, although the
yield is lower than for PCR. Urine and surface

swabs from any skin lesion, conjunctiva, naso-
pharynx or rectum should be collected for viral
culture and/or immunofluorescence and/or PCR.
HSV DNA can also be detected by PCR in the
blood of up to 60–70% of infants with neonatal
HSV disease.[26] Rapid confirmation of HSV in-
fection can be obtained by direct immuno-
fluorescence of swabs taken from the deroofed
base of a lesion and plated onto a glass slide.
A positive result provides rapid confirmation of
infection, although a negative result does not
exclude the diagnosis.

While PCR assessment of CSF for HSV DNA
is the diagnostic method of choice for herpes en-
cephalitis, false negative results do occur.[27] CSF
viral culture can be positive in up to 20% of in-
fants with neonatal HSV disease, in contrast with
the low yield of culture from older children or
adults with HSV encephalitis.[27,28] In contrast
with viral culture, the sensitivity of PCR appears
to be lower for neonatal herpes than for adults
with HSV encephalitis: reported sensitivities
range from 71% to 100% in neonates versus 98%
in adults (compared with brain biopsy specimens
as the gold standard).[29] The rate of detection of
HSV DNA in the CSF of infected neonates de-
creases after 1 week of antiviral therapy.[30] HSV
viral load >100 copies/mL is associated with poor
neurological outcome in adults.[31] Similar stu-
dies have yet to be performed in infants. Most
experts recommend that a PCR analysis be per-
formed on the CSF at the end of therapy to con-
firm the absence of HSV DNA.

There is no role for performing serology on the
infant in the acute diagnosis of HSV infection in
the neonate. Development of HSV type-specific
IgM responses in neonates is too slow to guide
therapy.

4. Treatment of Neonatal HSV Disease

Empirical intravenous aciclovir therapy at a
dosage of 60mg/kg/day divided into three doses
and given by slow infusion should be promptly
commenced at the time neonatal HSV disease is
first considered, to reduce the risk of progression
of disease. Current recommendations for aciclovir
therapy for the treatment of proven neonatal HSV

Table II. Investigations for suspected neonatal herpes simplex

virus (HSV) infection

CSF

Cell count

Biochemistry (protein, glucose)

Virological culture

PCR

Blood

Blood count

Coagulation studies

Liver function tests

PCR

Skin lesions

Direct immunofluorescence

Viral culturea

PCR

Urine and surface swabsb

Viral culturea

PCR

Other tests

Cerebral imaging: head ultrasound, MRI or CT scan (if seizures)

EEG

Chest radiograph

a Swabs for viral culture must be placed in viral transport medium,

and transported at 4�C to the laboratory.

b Nasopharyngeal aspirate, umbilical swab, eye swab, rectal

swab.

CSF = cerebrospinal fluid; MRI =magnetic resonance imaging;

PCR =polymerase chain reaction.
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disease[32] are listed in table III. The duration of
therapy will depend on the results of investiga-
tions and the type of neonatal HSV disease.
Studies that have led to the current recommen-
dations are discussed in this section. Infants with
HSV eye disease should be treated with topical
ophthalmic antiviral preparations in addition to
systemic antiviral therapy.

4.1 Trials of Antiviral Therapy for the Treatment
of Neonatal HSV Disease

The first randomized controlled trial assessing
the efficacy of antiviral therapy for neonatal HSV
disease was reported by Whitley and collea-
gues[33] in 1980 and compared intravenous vida-
rabine with placebo. Sixty-three newborns with
laboratory-confirmed HSV infection were ran-
domized to receive either intravenous vida-
rabine (15mg/kg/day over 12 hours for 10 days)
or placebo. The mortality of all forms of neonatal
HSV disease was reduced by vidarabine treat-
ment from just over 50% to approximately 30%,
with the greatest change seen in infants with
disseminated infection or encephalitis. A later
study compared intravenous aciclovir with vida-
rabine.[17] The study enrolled 210 infants who
received vidarabine (30mg/kg/day over 12 hours)

or intravenous aciclovir (30mg/kg/day divided
into three doses). The two drugs were equally ef-
ficacious at reducing mortality and morbidity
when the differences in categories of disease were
taken into account.

Other systemic antiviral agents with efficacy
against HSV (foscarnet and cidofovir) have not
been evaluated in clinical trials for the treatment
of neonatal HSV disease, largely because of
toxicity and, for cidofovir, the lack of an intra-
venous preparation. Foscarnet is recommended
for the treatment of neonatal HSV disease caused
by aciclovir-resistant strains, which is a relatively
rare event.[34] Oral aciclovir preparations should
not be used in the treatment of neonatal HSV
disease because of the low bioavailability and the
need to achieve high CNS antiviral concentra-
tions to inhibit viral replication. There are cur-
rently no data to support the use of newer oral
antiviral preparations with better bioavailability
for the treatment of neonatal HSV disease (e.g.
valaciclovir, famciclovir).

4.2 Dose and Duration of Aciclovir Therapy for
the Treatment of Neonatal HSV Disease

Intravenous aciclovir has become the standard
therapy for this disease because of the ease of
administration and the relative toxicity of sys-
temic vidarabine. The recommended dose and
duration of aciclovir therapy has increased to
60mg/kg/day in three equal doses for 14 days
(for SEM disease) to 21 days (for disseminated
infection and/or encephalitis) to reduce disease
progression and further reduce mortality from
disseminated infection or encephalitis. These
changes are based on an open-label evaluation of
infants receiving 45 or 60mg/kg/day for 21 days
compared with historical data for infants receiving
the low-dose short course therapy that showed
significantly increased survival for infants with
disseminated HSV disease and reduced overall
neurological sequelae at 12 months of age in in-
fants who received high-dose therapy.[32] Infants
receiving aciclovir therapy should be kept well
hydrated to avoid renal toxicity, and their neutro-
phil counts and renal function should be moni-
tored while receiving therapy.

Table III. Aciclovir therapy for the treatment of neonatal herpes

simplex virus (HSV) disease[32]

Type of neonatal

HSV disease

Intravenous dose and duration of therapya,b

Suspected

(empirical therapy)

60mg/kg/day in 3 equally divided doses

every 8 h, given as 1-h infusion until

diagnosis and type of disease confirmed

Skin, eye, mouthc 60mg/kg/day in 3 equally divided doses

every 8 h, given as 1-h infusion for 14 days

CNS 60mg/kg/day in 3 equally divided doses

every 8 h, given as 1-h infusion for 21 days

Disseminated 60mg/kg/day in 3 equally divided doses

every 8 h, given as 1-h infusion for 21 days

LP not performed at

diagnosis

60mg/kg/day in 3 equally divided doses

every 8 h, given as 1-h infusion for 21 days

a Maintain hydration and monitor neutrophil counts.

b Adjust dose for renal function and preterm gestation.

c Cerebrospinal fluid HSV polymerase chain reaction should be

negative; biochemistry and cell count should be normal.

LP = lumbar puncture.
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4.3 Suppressive Antiviral Therapy to Prevent
Long-Term Neurological Sequelae from
Neonatal HSV Disease

Virologically proven recurrences in the skin
have been reported in up to 30% of survivors of
neonatal HSV disease, but up to 10% of infants
have a recurrent CNS infection that is associated
with a worse outcome.[32,33] The efficacy of oral
aciclovir suppressing long-term CNS recurrences
and therefore neurological impairment has
been evaluated in randomized controlled trials
by the National Institute of Allergy and In-
fectious Diseases (NIAID) in the US.[35] The
phase I/II trial of infants who received aciclovir
300mg/m2 per dose (»10mg/kg per dose) three
times daily showed significant suppression of skin
recurrences at 6 months; however, treatment was
associated with significant risk of neutropenia.
Results of the phase III trial evaluating the
effect on CNS outcome from NIAID have yet
to be reported.[36] A separate pilot open-label
study of suppressive aciclovir therapy given for 2
years in 16 survivors of neonatal HSV infection
showed suppression of neurological re-
currences.[37]

Of concern are the reports of late CNS re-
currences in two infants,[35,38] and isolation of an
aciclovir-resistant mutant in another after re-
ceiving suppressive therapy for HSV in in-
fancy.[35] At present, there is insufficient evidence
to recommend routine suppressive oral antiviral
therapy to prevent neurological sequelae from
neonatal HSV disease.

5. Prevention of Vertical Transmission
from Genital Herpes

5.1 Overview

Strategies to prevent neonatal HSV disease
can be broadly subdivided into those that reduce
exposure of the neonate to infectious virus at
delivery, antenatal strategies to prevent sero-
negative women acquiring genital HSV infection
for the first time in pregnancy, and postna-
tal interventions to prevent the development
of disease in an infected infant. The following

discussion is largely restricted to pharmacologi-
cal interventions for the first two approaches.

5.2 Strategies to Limit Perinatal Exposure of the
Fetus and Neonate to HSV

5.2.1 Antiviral Prophylaxis to Prevent Maternal
Genital Herpes Recurrences

As the presence of virus in the genital tract is
a major risk factor for vertical transmission of
HSV, a number of groups have used oral antiviral
drugs to reduce the risk of viral shedding in the
birth canal at term so as to limit the newborn’s
exposure to the virus. To date, there have been no
trials of intrapartum systemic antiviral therapy in
women with recurrent genital herpes.

Antiviral agents with efficacy against HSV
include the nucleoside analogues aciclovir, vala-
ciclovir and famciclovir. Valaciclovir is the pro-
drug of aciclovir and is metabolized by the liver
into the active form. Famciclovir is the oral pro-
drug of penciclovir, another nucleoside analogue
that inhibits DNA synthesis. Aciclovir, vala-
ciclovir and famciclovir have all been shown to be
effective at reducing symptomatic recurrences of
genital herpes and viral shedding in non-pregnant
adults with genital herpes.[39-43] However, only
aciclovir and valaciclovir have been used in
pregnancy because of concerns about terato-
genicity and carcinogenesis induced by famciclo-
vir in animal studies. Animal studies of aciclovir
in pregnancy have not demonstrated terato-
genicity with its use at therapeutic concentra-
tions, even with doses up to 30-fold higher than
human doses, given to pregnant mice or in rab-
bits.[44] There is a large registry of the use of aci-
clovir and valaciclovir in pregnancy in the US,
which has not shown evidence of human fetal
teratogenicity or adverse outcomes of preg-
nancy.[45] However, the Aciclovir in Pregnancy
Registry did not measure late-onset complica-
tions of pregnancy, including preterm delivery.
Pharmacokinetic studies of aciclovir in preg-
nancy have shown similar plasma concentrations
and drug clearance to non-pregnant women.[45,46]

Aciclovir does appear to be concentrated in
amniotic fluid but there has been no evidence of
fetal drug accumulation.[45,46] Pharmacokinetic
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studies of valaciclovir in pregnancy confirmed
higher plasma aciclovir concentrations in preg-
nant women than in aciclovir therapy.[46,47] The
effects of these agents on the fetus have not been
evaluated in long-term follow-up studies after
maternal use in pregnancy.

Table IV summarizes the study characteristics
of trials of antiviral drugs in pregnancy.[47-56]

Most studies have evaluated the efficacy of anti-
viral prophylaxis in women with a past medical
history of genital herpes, as this group represents
the largest population and are easy to identify,
although they have a relatively low risk of trans-
mitting virus to their infant. Only one rando-
mized trial focused exclusively on prophylaxis
for women who had experienced a laboratory-
confirmed first episode of genital herpes in preg-
nancy, which is the group with the highest attack
rate for vertical transmission.[54] A few studies of
antiviral prophylaxis in pregnancy recruited wo-
men with either primary or recurrent herpes.[47,52]

Outcomes measured in these trials included the
presence of virus in the genital tract (by viral
culture or more recently by PCR), the presence of
active genital herpes at delivery, the rate of cae-
sarean section and the incidence of neonatal
herpes infection. Some studies also reported ad-
verse effects from the agents in the mother and, in
a few trials, in the newborn. Trials of aciclovir for
preventing genital herpes recurrences in preg-
nancy have evaluated the efficacy of doses of
200mg every 8 hours up to doses of 400mg every
8 hours.[47-51,54-56] Two trials have evaluated the
ability of valaciclovir to reduce genital herpes in
pregnancy, both using dosages of 500mg every
12 hours.[52,53] Most trials commenced antiviral
therapy at 36 weeks’ gestation.

To date, the efficacy of antiviral agents in
preventing vertical transmission of HSV has been
evaluated in two systematic reviews.[57,58] The
first review was reported in 2003 by Sheffield
et al.,[57] who analysed the use of aciclovir pro-
phylaxis to prevent HSV recurrence at delivery.
This review deemed five trials to be of sufficient
quality for their analysis.[48-51,54] More recently,
a systematic review has been reported by Hollier
and Wendel in the Cochrane database.[58]

This meta-analysis identified ten randomized

trials of antiviral therapy, of which seven met
the criteria of methodology and quality to be
included in the final analysis. These were the
same five aciclovir trials analysed by Sheffield
et al. plus two additional trials of valaciclovir
therapy.[52,53]

No trial was sufficiently powered to report the
effectiveness of antiviral agents at reducing neo-
natal HSV infection, even when results were
analysed by systematic methodology. However,
meta-analysis did show that antiviral prophylaxis
beginning at 36 weeks’ gestation reduced the risk
of clinical recurrence at the time of delivery by
10.7% (relative risk [RR] 0.28; 95% CI 0.18,
0.43).[58] Valaciclovir was as effective as aciclovir
in reducing clinical and virological re-
currences.[58] While rates of caesarean section for
any indication did not differ between antiviral
agent versus placebo or no treatment, caesarean
section for clinical recurrence of genital herpes
was reduced by 10% in the women who received
antiviral prophylaxis (RR 0.3; 95% CI 0.2, 0.45)
and the laboratory-confirmed detection of HSV
at delivery was reduced by 5.8% (RR 0.14; 95%
CI 0.05, 0.39).[58] Thus, antiviral prophylaxis
does reduce both clinical and asymptomatic HSV
virological recurrence at delivery and reduces
clinical recurrence as an indication for caesarean
section. These meta-analyses also appear to dis-
pel the concern that antiviral therapy could sup-
press symptomatic recurrences after genital
herpes in pregnancy and, thereby, may poten-
tially increase neonatal exposure to HSV by
converting clinically detectable lesions to asymp-
tomatic recurrences (i.e. the woman is not offered
a caesarean section because of symptomatic
recurrence).

Potential harms to the mother from antiviral
prophylaxis in pregnancy were reported in two
trials.[48,53] Neither trial found evidence of nephro-
toxicity from the antiviral agents. One trial repor-
ted on haematological toxicity and found no
evidence that it was increased in the treatment
group.[48] Reports of the effects of antiviral
agents in pregnancy on the fetus and newborn
are even more limited. Neonatal toxicity was
only formally reported in the two recent valaci-
clovir studies.[52,53] These studies reported no
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Table IV. Clinical trials of suppressive antiviral therapy for recurrent genital herpes simplex virus (HSV) in pregnancy

Study (year) Oral dosage Study design and no. enrolleda Outcomes measured

genital clinical

recurrence

virus detected in

genital tractb
caesarean

section for HSV

neonatal

herpes

Recurrent genital HSV

Stray-Pedersen[47]

(1990)c
Aciclovir

200mg qid

39wk until delivery; not

randomized

46 Aciclovir

46 No treatment

Y Y Y N

Brocklehurst

et al.[48] (1998)

Aciclovir

200mg qid

36wk until delivery;

randomized

Y N Y Y

31 Aciclovir

32 Placebo

Braig et al.[49]

(2001)

Aciclovir

200mg qid

36 wk until delivery; randomized

167 Aciclovir

N Y Y Y

121 Placebo

201 No treatment

Scott et al.[50]

(2002)

Aciclovir

400mg q8 h

36wk until delivery;

randomized

Y Y Y Y

116 Aciclovir

115 Placebo

Watts et al.[51]

(2003)

Aciclovir

400mg q8 h

36wk until delivery;

randomized

Y Y Y Y

84 Aciclovir

78 Placebo

Sheffield et al.[52]

(2006)c
Valaciclovir

500mg q12 h

36wk until delivery;

randomized

Y Y Y Y

170 Valaciclovir

168 Placebo

Andrews et al.[53]

(2006)

Valaciclovir

500mg q12 h

36wk until delivery;

randomized

Y Y Y Y

57 Valaciclovir

55 Placebo

First-episode genital HSVc,d

Scott et al.[54]

(1996)

Aciclovir

400mg q8 h

36wk until delivery;

randomized

Y Y Y Y

21 Aciclovir

25 No treatment

a Includes clinical recurrence and prodrome.

b Includes swabs from vesicles and asymptomatic shedding.

c Trial includes women with primary genital HSV in pregnancy.

d First-episode patients. Serology not performed so could be primary or recurrent infection.

qxh = every x hours; qid = four times per day.
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difference in fetal growth parameters, time of
delivery, clinical status of the neonate at birth, or
in haematological, biochemical, liver function or
renal function tests at birth in offspring of the
treatment group, and no clinical sequelae in the
newborn at 1 month of delivery. Thus, while anti-
viral agents appear to reduce viral shedding and
rates of caesarean section in pregnant women
with genital herpes, there are still inadequate data
regarding the long-term effects of these agents on
the fetus and newborn.

Another consideration in the use of antiviral
agents to prevent genital herpes recurrences in
pregnancy is cost. A review by Brown[59] evaluated
economic analyses of prophylactic antivirals in
pregnancy and concluded that suppressive aciclo-
vir from 36 weeks’ gestation decreases antenatal
costs by reducing costs associated with caesarean
section, with the greatest benefit being gained
in women with first-episode herpes or frequent
recurrences, with six or more reactivations per
year.

Many experts would use maternal antiviral
prophylaxis for confirmed primary genital HSV
infection in late pregnancy.[59] However, the use
of antiviral prophylaxis for suppression of shed-
ding from recurrent genital herpes in pregnant
women remains controversial, and should be
considered only after careful analysis of the
benefits and potential harms to the mother and
fetus.

5.2.2 Diagnosis of the Type of Maternal Genital HSV
Infection and Non-Pharmacological Strategies to
Reduce Perinatal Exposure to HSV

A woman who presents with an initial episode
of genital HSV infection in pregnancy should have
type-specific serology and viral culture/PCR of the
genital lesion in order to determine whether she
has primary or recurrent infection. This is neces-
sary in order to advise appropriately on the use of
prophylactic therapy, to counsel about the risk of
neonatal infection, and to set up an appropriate
management plan for labour and delivery.

Non-pharmacological ways to reduce peri-
natal exposure to HSV include limiting the use of
invasive procedures in women with a history of
genital herpes or known primary disease in

pregnancy and performing caesarean delivery for
women with herpetic lesions in the genital tract at
the onset of labour. Invasive procedures such as
use of scalp electrodes and instruments to assist
vaginal deliveries provide a portal of entry for the
virus through the newborn mucosa and are
associated with an increased risk of neonatal
infection.[8] A prospective observational study
by Brown and colleagues[8] has shown that cae-
sarean delivery reduces the risk of transmission
of HSV to the neonates when virus is present
in the genital tract, although it is not com-
pletely protective. For women with primary dis-
ease who have not seroconverted or women
with previous genital HSV infection and active
disease in labour, caesarean section is re-
commended provided there has not been pro-
longed rupture of membranes.[60] Serial antenatal
genital viral cultures of women with a history of
genital HSV disease are not predictive of the
presence of virus at delivery and should not be
performed.[61]

5.3 Strategies to Reduce Maternal Genital
HSV Infection in Pregnancy

The major risk factor for vertical transmission
of herpes is primary genital infection. Therefore,
attempts at preventing neonatal HSV disease
have also been directed towards preventing ma-
ternal genital HSV infection before or during
pregnancy. Such approaches include the follow-
ing: (i) antenatal counselling of women about
ways to reduce exposure to HSV, with or without
serological testing of women and their partners
for type-specific HSV antibodies; (ii) the use of
suppressive aciclovir in the partner with a history
of recurrent genital (or oral) herpes; (iii) behav-
ioural strategies such as the avoidance of oral-
genital or genital-genital contact, especially near
term; (iv) use of condoms in partners; and
(v) vaccines against genital herpes. The use of
topical microbicide creams or immunoadjuvants
such as Toll-like receptor ligands[62,63] to reduce
genital HSV infection have not been evaluated
for safety and efficacy in pregnant women or
their partners.
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5.3.1 Screening and Counselling

The risk to HSV seronegative women for ac-
quiring genital herpes can be from oral-genital
contact or genital-genital contact. The perfor-
mance of routine antenatal HSV serology and
its role in antenatal counselling is controversial.
The reader is referred elsewhere for detailed
consideration of arguments for and against this
practice.[63-66] It is generally not recommended in
countries with low HSV-2 seroprevalence and/or
where the incidence of neonatal HSV disease is
very low.[67] Screening of high-risk women, such
as those with partners with a history of oral or
genital herpes, is an alternative approach. How-
ever, the high frequency of asymptomatic genital
herpes means that the absence of a history of
genital herpes in a women or her partner does not
always exclude a previous infection.

If screening is to be performed, bothHSV sero-
types should be measured in the woman and her
partner. However, the detection of HSV-1 anti-
bodies does not distinguish between the presence
of oral or genital infection. Some experts advise
that antenatal serological screening for HSV-2 is
cost effective[68] and can allow the targeted use of
interventions to prevent transmission.[69] An
alternative approach is to counsel all pregnant
women and their partners about methods to pre-
vent maternal acquisition of HSV during preg-
nancy, such as the avoidance of oral-genital
contact, abstaining from genital intercourse in the
third trimester and the use of condoms by the
partner.[59] While these approaches have been
shown to reduce transmission in small studies of
serodiscordant couples,[59] their uptake in the
general population is not always high.

5.3.2 Antiviral Suppressive Therapy in a
Serodiscordant Partner

Another potential approach to reducing the
acquisition of maternal genital HSV infection in
pregnancy is the use of suppressive antiviral
therapy in a partner with a history of genital
herpes or with documented HSV-2 seropositivity.
Valaciclovir, aciclovir and famciclovir have all
been shown to reduce reactivation and shedding
from genital herpes.[42,43] Oral valaciclovir
500mg every 12 hours has been specifically shown

to reduce transmission of HSV to non-pregnant
susceptible partners in serodiscordant couples.[41]

The efficacy of this approach has yet to be eval-
uated in the context of a seronegative pregnant
partner. A recent study from the US[68] reported
that HSV-2 serological testing of pregnant women
and their partners, coupled with suppressive
therapy for seropositive women and for sero-
positive partners of seronegative pregnant wo-
men, might be a cost-effective way to prevent
neonatal HSV disease compared with no screen-
ing. The cost benefit may not extend to regions
where the seroprevalence of HSV-2 and/or the
incidence of neonatal HSV disease is not as high.

5.3.3 Vaccines Against (Maternal) Genital HSV
Disease

Another way to prevent maternal acquisition
of HSV would be by prophylactic vaccination
against HSV of seronegative women. The aim of
a prophylactic vaccine against genital HSV
would be to limit viral replication at the site of
infection and reduce the burden of latency in the
ganglia, thereby preventing or reducing the fre-
quency of clinical or asymptomatic shedding.[70]

The biological properties of the virus, such as the
ability to hide from the immune response in the
sensory ganglia and to modulate the immune re-
sponse,[2,3,71] make this a difficult task.

Not surprisingly, there has been a long history
of failed attempts to develop a vaccine against
genital herpes. To date, the only vaccine that has
shown partial success in a phase III clinical trial is
an HSV-2 glycoprotein D vaccine with adjuvant
MPL-alum.[72] This vaccine was trialled in HSV
serodiscordant couples and was shown to prevent
disease significantly but not infection in women
whowere seronegative for bothHSV-1 andHSV-2.
It showed no protection in HSV-1 seronegative
men and did not improve protection already
afforded by pre-existing immunity to HSV-1
in women. This vaccine is currently being eval-
uated in adolescent girls prior to the onset of
sexual activity and HSV-1 acquisition. Rando-
mization has recently been completed but data
analysis is yet to be performed.[73] It remains to be
seen if such a vaccine will affect vertical transmis-
sion of genital herpes, particularly in countries
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where neonatal HSV disease is predominantly
caused by HSV-1.

5.4 Postnatal Interventions to Prevent
Neonatal Herpes

Theoretically, interventions could be given to
newborn infants exposed perinatally to HSV to
prevent infection or disease. Such strategies in-
clude the use of systemic aciclovir in exposed
infants, recombinant HSV-specific neutralizing
antibody and immunostimulants. There are cur-
rently no data available on the efficacy of neo-
natal antiviral therapy after exposure to HSV at
delivery, although many clinicians would ad-
vocate its use in high risk settings (e.g. those born
to mothers with confirmed primary genital HSV
disease).[74]

6. Conclusions

Neonatal herpes, although uncommon, is a
devastating disease. Antiviral agents given in late
pregnancy have been shown to reduce genital
HSV shedding and the rate of caesarean delivery.
However, these trials are inadequately powered
to determine the effect of therapy on the inci-
dence of neonatal HSV disease. Future research
should be directed towards investigating the role
of intrapartum antiviral agents to prevent trans-
mission, developing rapid tests to determine sero-
status and viral shedding at delivery, developing
postnatal strategies to limit neonatal disease and
towards developing a vaccine against genital
herpes with enhanced immunogenicity.
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