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Abstract Antiretroviral compounds differ from most other new pharmaceutical agents
in that they have become widely prescribed in pregnancy in the absence of proof
of safety. They are prescribed for the treatment of the mother and to reduce the
risk of transmission of HIV to the fetus. In the animal models tested to date, no
increased risk of malformations has been demonstrated for some compounds
whereas others have been associated with malformations or developmental ab-
normalities in rats, mice or rabbits and, in the case of efavirenz, monkeys.

Zidovudine monotherapy is still prescribed to reduce the risk of mother-to-
child transmission of HIV. Combinations of 3 or more compounds are recom-
mended when treatment of the mother is deemed necessary because of advanced
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HIV infection. Until recently, in vitro toxicity studies relevant to pregnancy were
restricted to single agents; no animal teratogenicity or carcinogenesis studies of
combination therapy have been published.

Despite many thousands of women having taken antiretroviral therapy to re-
duce the risk of transmission, documented experience in human pregnancy re-
mains sadly lacking, with the possible exception of zidovudine which has been
prescribed in clinical trials to several hundred mother–infant pairs. For other com-
pounds and for the numerous permutations of combination therapy, data are avail-
able only from small phase I/II studies, from retrospective investigations and from
the prospective arm of the Antiretroviral Pregnancy Register (i.e. pregnancies in
women taking antiretrovirals who were registered before delivery and then fol-
lowed up).

Antiretroviral monotherapy and combination therapy is widely prescribed in
pregnancy because: (i) with appropriate management, which includes antiretrovi-
ral therapy, the risk of mother-to-child transmission can be reduced from 15 to
25% to less than 1%; (ii) pregnant women with advanced HIV infection require
therapy; (iii) combination therapy with at least 3 compounds significantly reduces
morbidity and mortality compared with dual or monotherapy; and (iv) the benefits
of therapy for both the mother and the infant outweigh the risk.

The choice of antiretroviral therapy in pregnancy may be influenced by the
indication (prevention of transmission or maternal treatment), past antiretroviral
therapy exposure/drug resistance, effects of pregnancy on the pharmacokinetics of
the drug and factors influencing tolerability and adherence. In pregnancy, toler-
ability may be even more important than usual, especially if therapy exacerbates
common complications of pregnancy, such as vomiting and glucose intolerance.

The first specific therapy for human immuno-
deficiency virus type 1 (HIV-1) infection was the
nucleoside analogue zidovudine (3′-azido-2′ ,3′-
dideoxythymidine; AZT), which was initially ad-
ministered to patients with advanced immunodefi-
ciency.[1,2] During the 15 ensuing years a further 14
compounds have been licensed for use in adults,
the majority of which are only licensed to be used
as part of combination therapy. Since 1996, dual
nucleoside analogue therapy, and then triple ther-
apy with dual therapy plus either a protease inhib-
itor or a non-nucleoside reverse transcriptase inhib-
itor (NNRTI) became the recommended treatment
for HIV infection.[3] Latterly, triple therapy with 3
nucleoside analogues has become an acceptable al-
ternative for some patients.[3]

Pregnancy or the unwillingness or inability to use
effective contraception are routinely among the ex-
clusion criteria for clinical trials of novel therapies.

However, the possibility of preventing mother-to-
child transmission of HIV with antiretroviral ther-
apy was examined in the sentinel Pediatric Aids
Clinical Trial Group (PACTG) 076 study which
demonstrated a 67% reduction in transmission with
zidovudine.[4] Since 1994, zidovudine has become
widely used in pregnancy. Meanwhile, the need to
treat pregnant women with advanced HIV infection
with effective therapy has been increasingly re-
cognised. Although zidovudine remains the only
therapy licensed for use in pregnancy, combination
therapy with 3, 4 or more drugs is now commonly
initiated during pregnancy. Furthermore, an in-
creasing number of women of childbearing poten-
tial are starting combination therapies and as their
prognosis improves some of these women wish to
conceive. At preconception consultation or some
weeks into the first trimester of pregnancy, they
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will wish to know whether they should interrupt,
continue or change therapy.

None of the antiretroviral therapies are cur-
rently classified as safe to use in pregnancy, i.e. in
category A of the US Food and Drug Administra-
tion (FDA) pregnancy classification (table I) and
therefore advice has to be based on a variety of data
from cellular, animal and human studies. The dif-
ficulty for the physician is that few studies have
addressed current practice, the diversity of which
is reflected in the most recent interim report of the
Antiretroviral Pregnancy Register (APR),[5] which
records exposure to 98 different combinations of
antiretroviral therapy. Not surprisingly, the median
number of reports per combination was 1.

The aims of this paper are to provide a compre-
hensive summary of maternal and fetal safety data
for antiretrovirals, both as monotherapy and when
used in combination therapy, in order to allow pre-
scribers to balance the needs of the mother and
infant with the attendant risks of therapy. We sum-
marise the current knowledge base, highlight the
relatively limited evidence for prescribing anti-
retroviral therapy in pregnancy and provide some
guidance for practical prescribing beyond that ad-
dressed by the clinical trials. In preparing the pa-
per, relevant literature was sought by interrogating
PubMed for each individual named compound us-
ing terms such as ‘safety’, ‘pregnancy’, ‘teratoge-
nicity’ or ‘animal studies’ to refine the search. In
addition, abstracts presented at major international
meetings (Conference on Retroviruses and Oppor-
tunistic Infections, World AIDS Conference, Glo-
bal Strategies for the Prevention of HIV Trans-
mission from Mothers to Infants, and European
Conferences on Clinical Aspects and Treatments of
HIV Infection) were reviewed.

1. Monotherapy

1.1 Nucleoside Analogue Reverse
Transcriptase Inhibitors (NRTIs)

Reverse transcription was the first stage of the
HIV-1 lifecycle to be targeted for pharmacological
intervention. The manufacture of viral DNA from

the viral nuclear RNA is the unusual and essential
characteristic of retroviruses. Nucleoside analogue
reverse transcription inhibitors (NRTIs) compete
with the cellular pool of natural nucleosides for
incorporation into the viral chain. Lack of the nor-
mal 3′-hydroxy group on the analogue prevents the
addition of the next nucleoside in the code and
elongation of the DNA chain is terminated. Safety
data are summarised in table II.

1.1.1 Zidovudine
Zidovudine has been the most widely used anti-

retroviral in pregnancy both alone and more re-
cently in combination therapy. This thymidine an-
alogue, originally tested as an anticancer therapy,
was found to inhibit HIV reverse transcriptase in
1985, underwent clinical trials in 1986 and was
licensed in 1987. Zidovudine has been shown to
block 90% of detectable HIV replication in vitro
at concentrations of less than 0.13 mg/L (<0.3
µmol/L), while plasma concentrations are consis-
tently above 1 µmol/L with oral dosages of 10
mg/kg/day.[6]

Table I. US Food and Drug Administration pregnancy categories

Category Description

A Adequate and well controlled studies of pregnant
women fail to demonstrate a risk to the fetus
during the first trimester of pregnancy (and there is
no evidence of risk during later trimesters)

B Animal reproduction studies fail to demonstrate a
risk to the fetus and adequate and well controlled
studies of pregnant women have not been
conducted

C Safety in human pregnancy has not been
determined, animal studies are either positive for
fetal risk or have not been conducted. The drug
should not be used unless the potential benefit
outweighs the potential risk to the fetus

D Positive evidence of human risk based on adverse
reaction data from investigational or marketing
experiences, but the potential benefits from the
use of the drug in pregnant women may be
acceptable despite its potential risks

X Studies in animals or reports of adverse reactions
have indicated that the risk associated with the use
of the drug in pregnant women clearly outweighs
any possible benefit
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Safety
Preimplantation mouse embryos exposed to mi-

cromolar concentrations of zidovudine have been
shown to arrest at the 4-cell stage,[7] but there have
been no epidemiological reports to indicate de-
creased fertility among women taking zidovudine.
Trophoblasts in culture have been shown to tolerate
exposure to high concentrations of zidovudine.[8]

Zidovudine passively diffuses across the pla-
centa,[9] resulting in concentrations in the fetal cir-
culation which approximate to 85% of the maternal
plasma concentrations.[10] Oral doses of zidovud-
ine 300mg initiated in, and administered 3 hourly
during, labour resulted in lower median maternal
plasma concentrations compared with intravenous
administration during labour (2 mg/kg over 1 hour,
followed by 1 mg/kg hourly) and with oral admin-
istration earlier in pregnancy.[11] In women receiv-
ing intravenous zidovudine during labour, zido-
vudine triphosphate concentrations in cord blood
cells were similar to those found in maternal lym-
phocytes although the concentrations were highly
variable.[12] Zidovudine becomes incorporated into
the DNA of the placenta and most fetal organs dur-
ing short term intravenous infusion in pregnant
rhesus monkeys,[13] and incorporation into human

lymphocyte DNA with in utero exposure has also
been demonstrated.[14]

There has been concern that exposure to zido-
vudine in utero (and ex utero) may affect mitochon-
drial function. Studies in Erythrocebus patas mon-
keys exposed in utero to doses equivalent to the
normal human dose have shown mitochondrial
damage in fetal cerebrum and cardiac and skeletal
muscle but not in the cerebellum.[15,16] In muscle,
depletion of mitochondrial DNA levels was zi-
dovudine dose-dependent. Blanche et al.[17] diag-
nosed 8 cases of mitochondrial disease among the
French Cohort of children born to HIV-positive
mothers. All had been exposed to antiretrovirals in
utero, 4 to zidovudine alone and 4 to zidovudine
plus lamivudine. Two died of central nervous sys-
tem manifestations, whereas at the other extreme 3
were asymptomatic. A study of babies exposed to zi-
dovudine in utero revealed no evidence of cardiac
dysfunction although numbers were small.[18,19] In
a review of deaths of children exposed to zidovud-
ine in utero in the US, using data from a variety of
studies, no cases were attributable to mitochondrial
disease.[20] In PACTG 219, a long term prospective
study of children born to mothers who participated
in Aids Clinical Trial Group (ACTG) 076, 2 chil-
dren with ophthalmic abnormalities and 1 with a

Table II. Safety data relating to potential in utero exposure to nucleoside analogues

Drug FDA pregnancy
category

Placental passage (newborn :
maternal drug ratio)

Long term animal carcinogenicity
studies

Teratogenicity (rodent)

Zidovudine C Yes (0.85) [human] Positive (vaginal tumours in mice,
lung and liver tumours at high
dose)

Positive (at approx. 300 ×
human therapeutic exposure i.e.
near-lethal dose in rabbits)

Zalcitabine C Yes (0.3 to 0.5) [rhesus] Positive (rodent thymic
lymphomas)

Positive (hydrocephalus at 1071
x MRHD in rats)

Didanosine B Yes (0.5) [human] Negative (no tumours, lifetime
rodent study)

Negative

Stavudine C Yes (0.76) Positive (bladder and liver
tumours at ≥250 to 732 human
therapeutic exposure)

Negative (decreased sternum
calcium at high dose)

Lamivudine C Yes (approx.1.0) Negative (no tumours, lifetime
rodent study)

Negative

Abacavir C Yes (rat) Studies in progress, no data Positive (anasarca and skeletal
malformations in rats as
exposures equivalent to 35
times human dose)

FDA = US Food and Drug Administration; MRHD = maximum recommended human dose.
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mild cardiomyopathy have been identified – all were
zidovudine exposed but the aetiology of each con-
dition was uncertain.[21]

In mice exposed to high concentrations of zi-
dovudine in utero and for a prolonged postnatal
period, vaginal tumours were observed in adult
life. However, this may be attributable to long term
chemical irritation, as in mice zidovudine is pre-
dominantly excreted unchanged in urine, which
commonly refluxes into the vagina. These tumours
were not found in mice only exposed in utero.[22]

An increased incidence of lung, liver and female
reproductive tract tumours has also been reported
in 1-year-old CD-1 Swiss mice exposed to high
dose zidovudine (maternal dose 25mg or 12.5mg)
in utero.[23] In a subsequent study of 2-year-old
mice, the zidovudine effect was predominantly
seen in females with a 3-fold increase in lung tu-
mours and a dose-dependent increase in histiocytic
sarcomas which occurred in 8% of mice exposed
to the higher dose compared with no occurrences
in control mice (p = 0.022). Dose-dependent in-
creases were also seen for mammary, ovarian and
seminal vesicle tumours, but lymphoblastic and
follicle centre cell lymphomas were less common
than among controls. More than 50% of female
mice compared with 12% of controls developed
tumours thought to be zidovudine-related.[24] How-
ever, no tumours have been found among 727 chil-
dren exposed to zidovudine in utero, either as part
of the PACTG 076/219 study and followed up to a
mean age of 38.3 months, or in the Women Infants
Transmission Study (WITS) and followed up for a
mean of 14.5 months.[25]

Neurobehavioural studies in rodents exposed to
zidovudine in utero have produced conflicting re-
sults with impairment,[26] no effect[27] and a gen-
der-dependent effect[28,29] variously reported. As
with the carcinogenesis studies, the significance
for humans of these neurobehavoural studies in
rodents is uncertain and no cognitive or develop-
mental abnormalities were found among the 122
zidovudine-exposed children followed to a median
age of 4.2 years in PACTG 219.[21]

Teratogenic effects with zidovudine have been
reported in rodents only when exposed to near-
lethal maternal doses. No teratogenic effect was
found in a whole rat embryo culture system.[30] The
APR, established by the pharmaceutical industry
in 1988, collates voluntary reports from clinicians
prescribing antiretroviral therapy in pregnancy.[5]

Of the 129 prospective reports on babies exposed
to zidovudine alone during the first trimester, only
1 had a documented defect (0.8%), which is lower
than the expected background rate of congenital
malformations and lower than the rate observed
with second or third trimester exposure to nucleo-
side analogues (2.6%). In the Metropolitan Atlanta
Congenital Defects Program, which is a popula-
tion-based birth defects surveillance system, 3.2%
of 195 642 births had defects.[31] It has been noted
that registries, including the APR, generate lower
rates of congenital defects (2.7%) than population-
based surveillance and that the number of reported
defects per affected infant is also lower.[32] The
2.7% rate is however similar to population rates
based only on examinations in the first few days of
life.1

As with monotherapy in nonpregnant women,
zidovudine transiently reduces HIV-1 plasma vir-
aemia and increases CD4+ lymphocyte counts. In
ACTG 076, in which mothers commenced zido-
vudine 100mg 5 times daily between weeks 14 and
28 of gestation, therapy was associated with a 0.24
log10 reduction in plasma viraemia at the time of
delivery.[33] In the Bangkok study,[34] zidovudine
300mg twice daily was commenced at week 36, re-
sulting in a 0.57 log10 reduction in plasma viraemia

1 The advisory committee of the Antiretroviral Pregnancy
Registry have requested that the following consensus state-
ment concerning the registry is included with any presenta-
tion of data from the registry: ‘The Registry’s analytic
approach is to evaluate specific classes of antiretroviral drugs
(NRTIs, nnRTIs and PIs) [nucleoside reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase inhibitors
and protease inhibitors]. To date, however, accumulated
cases of exposures to the antiretroviral agents followed in
the Registry used alone or in combination are insufficient
for reaching any reliable and definitive conclusions regard-
ing the risk to pregnant women and their developing fetuses.’
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at delivery. This was considered to account for 80%
of the efficacy of zidovudine to reduce transmis-
sion.

Sequence changes in the HIV-1 reverse trans-
criptase associated with decreased viral sensitivity
to zidovudine were found, at the time of delivery,
in 1 of 36 mothers in the zidovudine arm of ACTG
076[35] and in 2 of 10 mothers receiving zidovudine
monotherapy in a cohort in the UK.[36] This has
caused concern that zidovudine monotherapy, al-
though effective in reducing mother-to-child trans-
mission, may in the long term reduce maternal op-
tions for therapy. Higher plasma viral load and
longer duration of therapy have been associated
with the risk of resistance mutations at delivery,[37]

while in the Retrovirus-Côte d’Ivoire (RETRO-CI)
study none of the 10 women tested had evidence of
zidovudine-related mutations following a median
of 27 days therapy.[38] In comparison with some other
antiretroviral compounds, zidovudine-related mu-
tations develop slowly, therefore shorter courses
and restricting the use of zidovudine monotherapy
to mothers with low viral load and high CD4+
counts may limit the emergence of viral strains
with reduced sensitivity to zidovudine. With in-
creasing use of antiretroviral therapy, primary (at
the time of infection) or secondary (following ther-
apy) acquisition of viral strains with reduced sen-
sitivity to zidovudine may become increasingly
important. In the Swiss Collaborative ‘HIV and
Pregnancy’ Study, mutations associated with ‘high
level’ zidovudine resistance were found in 6 of 62
(9.6%) of mothers,[39] whereas in the WITS, which
included many women with advanced HIV disease
and prior (prepregnancy) zidovudine exposure, 34
of 142 (25%) of maternal isolates had at least 1
zidovudine-associated resistance mutation.[40] In
this study the presence of zidovudine-associated
resistance mutations was identified as a risk factor
for transmission independent of maternal viral
load.

Zidovudine appears to be relatively risk-free for
the mother, in the long as well as the short term. In
ACTG 288, a prospective study following delivery
of women who participated in ACTG 076, the use

of zidovudine was not associated with increased
risk of clinical or immunological progression.[41]

Indeed, evidence of improved maternal mortality
following short course zidovudine has been ob-
served in 2 studies. Among breastfeeding African
women treated with short course zidovudine (com-
menced at week 36 and discontinued at delivery),
the relative risk of mortality after 2 years follow-up
was 0.44 compared with placebo.[38] Although this
was not statistically significant, with the 95% con-
fidence intervals (CIs) including 1, the same effect
has been observed in Thailand, with mortality re-
duced from 8% to 1% at 18 months (p = 0.004).[42]

Efficacy
The efficacy of zidovudine in reducing mother-

to-child transmission of HIV-1 has been demon-
strated in several large randomised controlled stud-
ies and is supported by epidemiological surveys. In
these studies, zidovudine was administered from
the start of the second trimester (here described as
long prepartum), or from week 36 (short prepar-
tum), peripartum to the mother by mouth or by in-
travenous infusion and postpartum to the neonate
(or to the mother if breastfeeding) for 1 (short) to
6 (long) weeks. In PACTG 076, among nonbreast-
feeding generally healthy mothers with a CD4+
lymphocyte count >200 cells/µl, (median 550
cells/µl) in France and the US, long prepartum, in-
travenous peripartum and long neonatal zidovud-
ine reduced mother-to-child transmission by 67%
from 22.6% in the placebo arm to 7.6%.

Epidemiological studies have confirmed similar
reductions in transmission outside of the clinical
trial setting: in New York and Puerto Rico trans-
mission was reduced from 19 to 8%,[43] in France
transmission fell from 14 to 5%[44] and across mul-
tiple centres in Europe transmission among 669
mother–infant pairs between 1994 to 1997 was 9%
when at least part of the zidovudine regime had
been used compared to 15% without any zidovud-
ine prophylaxis.[45]

The contributions of the various components of
the ACTG 076 regimen were partially dissected out
in an observational study in New York State in
which HIV-1 transmission occurred in 28.8% of
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mother–infant pairs untreated, in 9.7% if zidovud-
ine was initiated during delivery or postpartum and
in 5.2% if zidovudine was commenced prepartum.
No benefit was gained by initiating zidovudine
more than 48 hours after delivery.[46] In a placebo-
controlled study among nonbreastfeeding Thai
women, transmission was reduced by 51%, from
18.6% (35 of 198) to 9.2% (17 of 193) with short
prepartum (300mg twice daily) plus oral peri-
partum (300mg 3 hourly) zidovudine alone.[47] The
relative importance of each component has been
further defined in a subsequent study in Thailand,
the Prevention of HIV Perinatal Transmission
(PHPT) study. In this study of 1437 women, all
mothers received oral zidovudine 300mg 3-hourly
during labour, but were otherwise randomised to 4
arms comparing different duration of pre- and
postpartum therapy. The transmission rates were
6.7% in the long prepartum (commence at 28 weeks),
long postpartum arm, 5.7% in the long/short, 8.4%
in the short/long and 10.6% in the short/short. The
short/short arm data cannot be directly compared
with the other arms, as this arm was prematurely
halted following an interim analysis at which point
the transmission rate in the long/long arm was
4.1%.[48] Among breastfeeding mothers in Africa,
short/short and short/none regimens have been

shown to reduce transmission by 35 to 37% at 3 to
6 months, but transmission subsequently rose from
16.9 to 22.1% at 2 years. However despite pro-
longed breastfeeding (56% still breastfeeding at 1
year), zidovudine administered perinatally was
still associated with a 27% reduction in transmis-
sion at 2 years compared with placebo (30.1%)
[fig. 1].[49]

1.1.2 Lamivudine
Lamivudine [(–)-2′-deoxy-3′-thiacytidine; 3TC]

is a cytosine analogue that crosses the placenta by
simple diffusion,[50] resulting in cord plasma con-
centrations similar to maternal plasma concentra-
tions.[51] The pharmacokinetics of lamivudine are
not affected by pregnancy nor by co-administration
of zidovudine.[51] No evidence of mutagenesis was
found in bacterial assays but a weak effect was seen
in human and mouse cells. No tumours were ob-
served in lifetime rodent studies nor any teratoge-
nicity in rodents. In most parameters, no short or
long term neurobehavioural effects were found in
mice exposed in utero to lamivudine except at high
doses (125 to 500 mg/kg).[52,53] With the exception
of the aforementioned pharmacokinetic study, there
are no data on lamivudine monotherapy in preg-
nancy. Lamivudine is category C in the FDA preg-
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Fig. 1. Cumulative HIV mother-to-child transmission rates in breastfed infants in 2 double-blind placebo-controlled studies of zidovud-
ine versus placebo in Africa. Filled squares refer to the DITRAME (Diminunation de la Transmission Mère-Enfant) study; open circles
refer to the RETRO-CI (Retrovirus-Côte d’Ivoire) study; solid lines indicate zidovudine; broken lines indicate placebo.[49]
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nancy classification and will be further considered
in section 2 on combination therapies.

1.1.3 Didanosine
Didanosine (2′ ,3′-dideoxyinosine; ddI) is an

adenosine analogue that rapidly crosses the pla-
centa by simple diffusion[9,54] and this transfer is
not affected by concurrent administration of zi-
dovudine.[55] However transfer is less efficient than
for zidovudine or lamivudine and human cord
blood concentrations indicate only 30% transfer.
Although no effect of pregnancy on didanosine
pharmacokinetics was found following intrave-
nous administration in Macaca nemestrina mon-
keys near term,[56] didanosine is more rapidly
cleared in pregnant (compared with postpartum)
women because of their increased glomerular
filtration rate.[57] However no significant effect
was seen with the oral dose and no change in the 2
× 100mg twice daily regimen was recommended.
No pharmacokinetic studies of once daily didanos-
ine in pregnancy with either the reduced volume or
enteric coated formulations have been reported.

No mutagenesis was detected in bacterial assays
and effects on mammalian cells was only seen at
high concentrations. There is no evidence of carci-
nogenesis in life-long rodent studies. Human tro-
phoblasts tolerate high dose exposure to dida-
nosine[8] and no adverse effect of didanosine was
found in pre- or postimplantation mice embry-
os[7,58] nor in a whole rat embryo culture system.[30]

At 30 µmol/L didanosine reduced rat thymocyte
numbers in whole organ culture.[59] Didanosine did
not affect fertility in rabbits nor harm the fetus at
doses more than 10 times those expected to be used
in therapy.

Didanosine is the only nucleoside analogue in
FDA category B. Birth outcomes of children ex-
posed to didanosine in the first trimester have been
reported to the International Registry for 52 chil-
dren, however only 4 were exposed to monother-
apy.

1.1.4 Zalcitabine
Zalcitabine (2′ ,3′-dideoxycytidine; ddC) is a

cytidine analogue that crosses the placenta pas-
sively, but less efficiently than lamivudine, with

fetal concentrations approximately 60% of mater-
nal plasma concentrations in near term Macaca
nemestrina.[60] Zalcitabine clearance was however
significantly less in neonatal macaques aged 1 to 2
weeks compared with age 4 weeks following an
intravenous bolus.[61] Human data are not avail-
able, but dose reduction would seem to be indicated
from these data. Zalcitabine seems not to be toxic
to the blastocyst[58] nor associated with develop-
mental toxicity in the whole rat embryo culture
system.[30] However when administered to preg-
nant C57B1/6N mice at doses of 1000 to 2000
mg/kg/day, zalcitabine was associated with fetal
malformations, reduced fetal bodyweight and in-
creased fetal resorptions in the absence of obvious
maternal toxicity.[62] In addition, zalcitabine was
toxic to thymocytes at concentrations considerably
lower than seen with zidovudine or didanosine.[59]

Teratogenicity in rats and mice has only been dem-
onstrated at doses equivalent to 1000 times the
maximum recommended human dose.

Only 12 first trimester exposures to zalcitabine
have been reported to the APR, of which 5 were
exposed to combinations. Zalcitabine is in category
C of the FDA pregnancy classification.

1.1.5 Stavudine
Stavudine (2′ ,3′-didehydro-3′-deoxythymidine;

d4T) is a thymidine analogue that crosses the pla-
centa passively producing concentrations in the fe-
tal macaque which are 77 to 85% of the maternal
plasma concentration.[63,64] Stavudine was not mu-
tagenic in bacterial assays, but an increased fre-
quency of chromosomal abnormalities have been
found in cultured human lymphocytes. Stavudine
was less likely than zidovudine, but more likely
than zalcitabine or didanosine, to inhibit blastocyst
formation.[58] Rodent studies for teratogenicity
were negative although a decrease in sternal cal-
cium was noted with high doses. Carcinogenesis
studies are incomplete and thus stavudine has a C
classification for use in pregnancy.

Stavudine has been one of the most widely pre-
scribed therapies in the first trimester of pregnancy,
with exposures reported in 159 babies. In 157 of
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these stavudine was prescribed as part of combina-
tion therapy.[5]

1.1.6 Abacavir
Abacavir, a guanosine analogue and the most

recently licensed of the NRTIs, has a high placental
clearance index.[65] Abacavir was not mutagenic in
bacterial assays but was mutagenic in a study of
human lymphocytes. At doses 35 times higher than
the human therapeutic dose, fetal rat developmen-
tal toxicity was seen with anasarca and skeletal
malformations. Increased fetal resorptions and
stillbirths were also noted in rats. However no ab-
normalities were observed in rabbits exposed to
abacavir at concentrations 8.5 times higher than
the expected human exposure.

Only 2 cases of first trimester abacavir exposure
have been reported to the APR.[5] Abacavir is clas-
sified C for use in pregnancy.

1.2 Protease Inhibitors (PIs)

Whereas reverse transcriptase inhibitors pre-
vent incorporation of HIV DNA into a host cell
chromosome, thereby aborting infection, protease
inhibitors (PIs) inhibit the splicing of the viral
polyproteins in the cytoplasm. This results in the
production of noninfectious virus which on elec-
tron microscopy frequently lacks a visible nucleus.

The absence of a cellular homologue permitted the
design of inhibitors specific for HIV protease. The
adverse events seen with PIs are unrelated to their
antiprotease activity. The first PIs entered phase 1
clinical trials in the early 1990s. The safety data for
PIs are summarised in table III.

1.2.1 Ritonavir
Ritonavir was not mutagenic in bacteria or

mammalian cells including human lymphocytes.
In rats, maternal hepatotoxicity and fetal develop-
mental toxicity were seen at or at less than the hu-
man equivalent doses. Since malformations were
not seen in rats or rabbits except for a slight in-
crease in cryptorchidism, ritonavir is included in
category B by the FDA. Ex vivo studies indicate
that very little ritonavir crosses the placenta.[67] In
a safety, tolerability and efficacy study of 86 preg-
nant women, ritonavir monotherapy was initiated
at gestation week 36 at a dose of 300mg twice daily
increased incrementally to 600mg twice daily by
day 15 and taken for a mean of 20 days. The median
viral load reduction was 2.8 log10 and the transmis-
sion rate was 9.5%, but 12 women discontinued
treatment, 10 because of elevated liver enzyme lev-
els.[68]

In more than half the 15 cases of first trimester
exposure reported to the APR by 31 January 2000,

Table III. Safety data relating to potential in utero exposure to protease inhibitors

Drug FDA pregnancy
category

Placental passage (newborn :
maternal drug ratio)

Long term animal
carcinogenicity studies

Teratogenicity (rodent)

Saquinavir B Low (rats) In progress Negative

Indinavir C Yes (rats and dogs but low in
rabbits)

In progress Positivea (extra rib in rats, unilateral
anophthalmia in 3% of rats)

Ritonavir B Yes (rats) In progress Negative but developmental toxicity in
rabbits at maternally toxic doses
(equivalent to 30% human dose)

Nelfinavir B Low (humans) In progress Negative

Amprenavir C ? In progress Positive (abortions in rabbits;
ossification defects in rats and rabbits
at exposures less than human
therapeutic dose)

Lopinavir C ? In progress Negative (skeletal variations and
delayed ossification at maternal toxic
doses)

a Data not included in the most recent revision of guidelines from the US Public Health Service[66] in which indinavir was graded negative
in this category.

FDA = US Food and Drug Administration.
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ritonavir had been prescribed not only as part of a
combination but as a double PI combination.[5]

1.2.2 Indinavir
Indinavir crosses rat and dog placentas but little

transfer is seen in rabbits. Indinavir was not muta-
genic, nor carcinogenic in mice. However rats ad-
ministered a dose equivalent to 1.3 times the normal
human dose had an increase in thyroid adenomas.
Administration of indinavir to rats during days 6 to
15 of gestation was associated with an increased
incidence of supernumerary ribs, delayed fur de-
velopment, eye opening and testis descent, micro-
scopic liver changes and, in 3% of pups, with uni-
lateral anophthalmia.[69] Indinavir is therefore a
category C compound, but has been the most wide-
ly prescribed PI in the first trimester with 115 ex-
posed babies reported, of which 6 were exposed to
a double PI.[5]

1.2.3 Saquinavir
Saquinavir was not mutagenic in standard bac-

terial assays nor teratogenic in rabbits and is thus
category B. Less than 5% of the maternal concen-
trations are found in fetal blood in rats. Carcinoge-
nicity studies have not been completed.

Three cases of first trimester saquinavir expo-
sure alone and 39 cases of saquinavir in combina-
tion with other antiretroviral therapy, including 11
cases of double PI therapy, have been reported to
the APR.[5]

1.2.4 Nelfinavir
Nelfinavir was not mutagenic in bacteria or

mammalian cells including human lymphocytes.
Carcinogenicity studies have not been completed.
No evidence of teratogenicity was found in rabbits.
Pharmacokinetic studies of nelfinavir in human
pregnancy conducted as part of a combination ther-
apy revealed normal maternal concentrations but
very low or undetectable concentrations in the cord
blood.[70] Nelfinavir is in category B of the FDA
pregnancy classification. Nelfinavir was the sec-
ond most commonly prescribed PI during the first
trimester, with 85 cases reported to the APR.[5]

1.2.5 Amprenavir
Amprenavir exposure was associated with abor-

tions and with deficient ossification in pregnant
rabbits, but the doses used were lower than the
equivalent therapeutic dose in humans. Ampre-
navir was also associated with abnormalities of os-
sification in rats, exposed to doses equivalent to
less than the human therapeutic dose, and with thy-
mic elongation. The transplacental pharmacokinet-
ics of amprenavir have not been reported. Rodent
carcinogenesis studies are ongoing.

There are only 2 reports of first trimester expo-
sure to amprenavir in humans.[5] Amprenavir is in
category C of the FDA pregnancy classification.

1.2.6 Lopinavir
Lopinavir is a derivative of ritonavir, and has

recently been licensed as a combination of
lopinavir and ritonavir. The small dose of ritonavir
serves to increase lopinavir concentrations by inhi-
bition of the cytochrome P450 isoform CYP3A.
There have been no studies of lopinavir/ritonavir
in human pregnancy, no case reports to the APR or
published animal studies. According to the manu-
facturer’s information sheet, developmental toxic-
ity was observed at maternally toxic doses of
lopinavir/ritonavir but no drug-induced malforma-
tions were seen in animal studies. However the
number of animals and the species tested were not
stated. The transplacental pharmacokinetics of
lopinavir have not been reported and carcinogene-
sis studies are continuing.

1.3 Non-Nucleoside Reverse Transcriptase
Inhibitors (NNRTIs)

These compounds inhibit HIV reverse trans-
criptase by binding to and disturbing the reverse
transcriptase catalytic site. The safety data are
summarised in table IV.

1.3.1 Nevirapine
Nevirapine was not mutagenic in bacteria or in

mammalian cells. Carcinogenesis studies are in-
complete but exposure was not associated with ter-
atogenicity in rabbits or rats and nevirapine has
been classified a category C compound. Two major
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congenital malformations have been reported
among 55 infants exposed to a nevirapine-contain-
ing regimen in the first trimester.[71] The long half
life of nevirapine (45 hours following a single dose
in adults) is even longer in term pregnant women
(66 hours). In addition, nevirapine rapidly crosses
the placenta and, provided that a minimum of 2
hours have elapsed between maternal administra-
tion and delivery, cord blood concentrations are
equal to maternal plasma concentrations. A regi-
men of 200mg given to the mother early in labour
followed 48 to 72 hours later by a single dose of 2
mg/kg to the neonate results in neonatal plasma
nevirapine concentrations that remain above the
90% inhibitory concentration (IC90) of wild-type
HIV-1 for at least 7 days.[72] Nevirapine is also ex-
creted in breast milk and this may have resulted in
the higher neonatal plasma concentrations seen
with the same regimen in African women who were
breastfeeding.[73] Earlier maternal administration
results in higher cord blood concentrations but
when administered for more than a few days prior
to delivery nevirapine is more rapidly cleared in
the neonate. Thus, more frequent administration
may be necessary to maintain neonatal concentra-
tions during the first week of life, but no change in
the maternal dose or dose schedule is required for
therapy administered during the second or third tri-
mesters.[74]

The rapid placental transfer and long half-life of
nevirapine have led to a number of studies which
indicate that mother-to-child transmission may be
reduced by 50% (compared with peripartum and

short postpartum zidovudine) with the 2-dose reg-
imen of nevirapine.[75] As with short-course zi-
dovudine, the transmission rates are less than ex-
pected (15.7% with nevirapine and 24.1% with
zidovudine) and the increased protection of ne-
virapine persists at 1 year even though the infants
were breastfed.[76]

Mutations associated with decreased suscepti-
bility to nevirapine occurred rapidly and fre-
quently in studies of nevirapine monotherapy in
nonpregnant adults.[77] In the HIV Network for
Prevention Trials (HIVNET) 012 study comparing
2 doses of nevirapine with zidovudine initiated in
labour and prescribed to the neonate for 1 week,
nevirapine resistance mutations were found in 7 of
30 mothers and in 3 of 7 infected infants test-
ed.[78,79] In the SAINT study, transmission rates at
8 weeks with the HIVNET 012 study regimen
(14%) were not significantly different from the rate
of transmission in mother–infant pairs receiving
zidovudine 300mg plus lamivudine 150mg in lab-
our and twice daily to mother and infant for 1 week
postpartum (10.8%).[80] 32 pregnancies with first
trimester exposure to nevirapine have been re-
ported and in 2 cases the mothers were taking a
double NNRTI combination.

1.3.2 Efavirenz
Efavirenz is not mutagenic and carcinogenesis

studies are ongoing. Although rodent studies have
been normal, teratogenicity was noted in cyn-
omolgus monkeys, with severe defects (anen-
cephaly, microphthalmia and cleft palate) found in
3 of 13 fetuses, subsequently updated to 3 of 20

Table IV. Safety data relating to potential in utero exposure to non-nucleoside reverse transcriptase inhibitors

Drug FDA pregnancy
category

Placental passage (newborn :
maternal drug ratio)

Long term animal
carcinogenicity studies

Teratogenicity

rodent primate

Nevirapine C Yes (approx. 1.0) [human] Not completed Negative

Efavirenz C Yes (approx. 1.0)
[cynomolgus monkeys, rats,
rabbits]

Not completed Negative (increased
fetal resorptions)

Malformations in 3
of 20 cynomolgus
monkeys:
anencephaly,
anophthalmia,
microphthalmia

Delavirdine C Yes (rats) Not completed Ventricular septal
defect

FDA = US Food and Drug Administration.
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fetuses.[81] Similar primate studies have not been
conducted for other antiretroviral therapies either
singly or in combination.

Efavirenz is included in category C. Efavirenz
is now widely licensed but should not be prescribed
to women unless they are willing and able to use
effective methods of contraception. Despite these
restrictions, up until 6 June 2001, 158 exposures to
efavirenz-containing regimens in pregnancy had
been reported to the Dupont Worldwide Phar-
macovigilance Database, including 127 exposures
which included the first trimester. Of the 61 live
births (all trimesters of exposure) 53 neonates were
apparently well and 8 had a medical condition. The
congenital defects were a lumbosacral menin-
gomyelocele, an angioma on the back of the neck,
an unspecified heart murmur, laryngeal malacia
and cystic fibrosis. Other conditions reported were
neutropenia and anaemia. As with reporting to the
APR the data are too few to draw conclusions about
association. Furthermore, these are retrospective
reports which are unreliable for prevalence esti-
mates (A. Sutherland, Dupont Pharma, personal
communication).

1.3.3 Delavirdine
Delavirdine has not been licensed in the UK but

is available to named patients. Delavirdine was
mutagenic in some bacteria after metabolic activa-
tion. Carcinogenesis studies are incomplete. In
Sprague-Dawley rats, at doses equivalent to human
therapeutic exposure, ventricular septal defects
were identified at a significantly high rate. This
may represent teratogenesis or developmental tox-
icity. In addition, hydrocephalus was observed in
some offspring. In rabbits, doses about 6-fold
higher than expected in humans were associated
with maternal toxicity and abortions.

Delavirdine is classified as FDA pregnancy cat-
egory C. In 7 unplanned pregnancies reported, 3
were ectopic and 1 baby was born with a ventricu-
lar septal defect.[5]

1.3.4 Emivirine
Emivirine is not available in Europe. In a phar-

macokinetic and safety study, clearance of emivir-
ine was reduced by 50% compared with nonpreg-

nant women. Neonatal plasma concentrations were
77% of the maternal plasma concentration after 21
days of maternal therapy. The combination of
emivirine with zidovudine plus lamivudine was
well tolerated and associated with a reduction of
HIV viraemia to <400 copies/ml in 9 of 12 moth-
ers.[82]

2. Combination Therapy

Determining the safety of in utero exposure to
combination therapy is even more difficult than
for monotherapy. 98 different combinations of
therapies have already been reported to the APR,
ranging from monotherapy to 6 compounds. The
median number of pregnancies reported per com-
bination is 1, with only zidovudine monotherapy
generating more the 100 pregnancies for evalua-
tion. Zidovudine plus lamivudine was reported
from 85 pregnancies and zidovudine, lamivudine
and any PI from 97 pregnancies.

2.1 Dual Nucleoside Analogue Therapy

Few studies have examined the pharmacokinet-
ics, tolerability and safety of combination therapy,
and efficacy has only been reported from observa-
tional data. The most extensive data on combina-
tion therapy is for zidovudine plus lamivudine.
First trimester exposure to this combination has
been reported from 85 pregnancies. In a further 197
pregnancies lamivudine was prescribed with other
or additional therapies. The pharmacokinetics of
lamivudine in combination with zidovudine are the
same as in nonpregnant adults, and no dosage ad-
justments are required to maintain adequate drug
concentrations in near term pregnant women.[51]

In a nonblind prospective study of 19 women
starting therapy in the second and third trimesters,
zidovudine plus lamivudine was associated with a
mean reduction in HIV-1 plasma viraemia of 1.5
log10 at delivery, compared with a 0.3 log10 reduc-
tion with zidovudine monotherapy. However the
genotypic mutation M184V that confers resistance
to lamivudine was found in 4 of 5 women at deliv-
ery.[36] In a multicentre study of 40 newborns,
zidovudine plus lamivudine was well tolerated and
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associated with an HIV transmission rate of 2.5%
(95% CI 0.1 to 13.2%). Although neonatal anaemia
was documented in 62% of neonates, none re-
quired transfusion. Similarly, 58% of neonates had
mildly raised transaminase levels but none were
jaundiced.[83]

In a large French prospective nonrandomised
study of 440 women treated with zidovudine plus
lamivudine from gestational week 32, maternal
plasma HIV viraemia was reduced by 0.95 log10

and the mother-to-child transmission rate was
2.6% (compared with 6.5% with zidovudine mono-
therapy). Treatment was well tolerated by mothers
and infants, but at 6 weeks postpartum M184V was
detected in 52 of 132 women but not in any women
treated for less than 4 weeks.[84] In the APR, 4 of
152 (2.6%) babies exposed in the first trimester to
any combination of NRTIs (but excluding other
classes of antiretroviral therapy) had documented
congenital malformations. For zidovudine mono-
therapy the rate was 0.75% (1 of 132). Although
no increase in congenital malformations has been
noted with dual therapy, numbers remain very
small.[5]

In the rat whole embryo culture system the com-
bination of zidovudine with zalcitabine resulted in
severe growth retardation and morphological ab-
normalities not seen with either agent alone, al-
though the concentration of zalcitabine (>100
µmol/L) was higher than might be expected in
vivo.[30] In vitro studies suggest that any risk of
tumours (thus far not seen) with zidovudine may be
increased by co-exposure with didanosine. Using
concentrations 3 to 30 times higher than normally
seen in patients on therapy, the frequency of incor-
poration of zidovudine into human DNA and the fre-
quency of mutations detected in an hypoxanthine-
guanine phosphoribosyltransferase assay were
increased with combined exposure.[85]

2.2 Triple Therapy (NRTIs with a PI)

The pharmacokinetics of nelfinavir (coadminis-
tered with zidovudine and lamivudine) in preg-
nancy have been studied in 10 women who com-
menced therapy between weeks 14 and 34 of

gestation. Pregnancy appeared not to affect nel-
finavir concentrations compared with 6 weeks post-
partum. Although the median maternal nelfinavir
plasma concentration at delivery was 2 mg/ml,
cord concentrations were either low or undetect-
able. Additionally, the initial infant dose of 10
mg/kg resulted in low nelfinavir concentrations at
age 1 week (trough 0.74 mg/L), and a dosage of
40mg twice daily is now under investigation.[70]

Similarly, in a study of infants treated with
nelfinavir 15 mg/kg twice daily (combined with
stavudine plus didanosine) the median nelfinavir
trough concentrations were 0.19 mg/L on day 1,
1.21 mg/L on day 7, 0.51 mg/L on day 14 and 0.33
mg/L on day 28. Even though these concentrations
are mostly well below the target trough concentra-
tion of 1 mg/L, high triglyceride levels were doc-
umented transiently in 2 of 6 infants.[86]

In a study of the safety and tolerability of
ritonavir in combination with lamivudine and
zidovudine, 3 of 6 infants were born prematurely,
2 with severe hypoglycaemia, and the third infant,
delivered severely preterm, died. One infant had
grade 3/4 hyperbilirubinaemia, 1 had neutropenia
and 2 were significantly anaemic.[87] Congenital
malformations were reported in only 2 of 241
(0.83%) babies first exposed to any PI in combina-
tion with any other antiretroviral therapy in the
APR.[5]

The WITS is a cohort study of HIV-positive
North American pregnant women. The most recent
analysis of these women demonstrated a reduction
in transmission from 7.8% in mother–infant pairs
receiving zidovudine monotherapy since the pub-
lication of the ACTG 076 results to 1.1% in
mother–infant pairs exposed to triple therapy in-
cluding a protease inhibitor.[88] In a study of 76
women taking a PI as part of combination therapy
there were 15 preterm deliveries (<37 weeks) but
60% of the mothers had identifiable risk factors for
preterm delivery such as a history of preterm de-
livery, smoking and substance abuse. HIV trans-
mission had been excluded in the 34 babies with
adequate follow-up.[89]
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The possibility that protease inhibitor usage was
associated with an increased risk of preterm deliv-
ery had been suggested by Swiss investigators in
1998,[90] following which recruitment of women to
studies of PIs in pregnancy was temporarily sus-
pended. Among 462 women participating in ACTG
studies in 1998 to 1999 the preterm delivery rate
was 20%, but with no significant difference be-
tween women exposed to PIs and those not exposed
to PIs [relative risk (RR) 0.7, 95% CI 0.5 to 1.1]
and the rate of very premature delivery (<32
weeks) was less among women taking PIs (RR 0.2,
95% CI 0.05 to 0.8). 19 of 462 (4.1%) babies were
born with a structural abnormality.[91] Compared
with HIV-negative women, HIV-positive women
taking NRTIs or no therapy, women taking anti-
retroviral therapy which includes a PI have a higher
(3.5 vs 1.35%) risk of developing diabetes mellitus
during pregnancy (p = 0.025).[92] In a small study,
infants exposed to PIs in utero had significantly
higher γ-glutamyl transferase levels than therapy-
naive or zidovudine monotherapy–exposed in-
fants.[93]

2.3 Triple Therapy (NRTIs with an NNRTI)

In a multicentre retrospective study of 46
women receiving nevirapine and 2 NRTIs, this
combination was well tolerated. Rash and hepatitis
attributed to nevirapine occurred on 2 occasions
each but resolved without a change of therapy in 2
mothers, and gastrointestinal symptoms were at-
tributed to didanosine.[94] Of 44 first trimester ex-
posures to an NNRTI either alone (2 cases) or in
combination with NRTIs and or PI, only 1 congen-
ital abnormality was reported to the APR.[5]

Unfortunately, in the recent analysis of the WITS
cohort, transmission rates for triple therapy which
included a NNRTI were not separated from dual
therapy exposure and thus cannot be compared ei-
ther with dual therapy or with other triple thera-
pies.[88]

Abnormal liver function tests without symp-
toms are common in patients taking nevirapine,
and severe disturbance of liver function has been
reported in patients infected with HIV-1 estab-

lished on therapy. Although not part of national
prescribing guidelines, nevirapine has been used as
a component of triple therapy for postexposure
prophylaxis. Attention was first drawn to the devel-
opment of liver failure in 2 healthcare workers ex-
posed, in this setting, to nevirapine, zidovudine and
lamivudine in December 2000.[95,96] A subsequent
analysis by the US Centers for Disease Control
(CDC) revealed 22 serious adverse events associ-
ated with nevirapine in persons not infected with
HIV, but the denominator was unknown.[97] In a
cohort review of 57 people exposed to HIV through
occupation or sexual intercourse and taking
nevirapine usually with stavudine plus lamivudine,
13 had grade 1 adverse events (nausea, rash, neu-
tropenia, paraesthesia or elevation of transami-
nases) but 5 had grade 2/3 adverse events including
elevations of transaminases and rash requiring
hospitalisation.[98] No serious adverse events have
been reported in the studies in Africa of a single
dose of nevirapine to prevent mother-to-child
transmission of HIV.

3. Conclusions

The most extensive data from in vitro models
and from clinical experience are for zidovudine
monotherapy. The ability of zidovudine to reduce
mother-to-child transmission has been demon-
strated in 5 randomised controlled studies. The ef-
ficacy of zidovudine ranges from 67% when started
before the third trimester and given to the neonate
as well as to the mother by intravenous infusion
during labour, to 50% with shorter courses (started
at week 36) without a neonatal component, in non-
breastfed babies, to 30% with a similar regimen in
breastfed babies. Shorter courses are associated
with greater reductions in maternal viral load at
delivery and less risk of the development of detect-
able zidovudine resistance. The risk of resistance
may be further reduced by only prescribing mono-
therapy to mothers with lower viral load and higher
CD4+ lymphocyte counts. In resource-poor coun-
tries, finance prohibits widespread use of longer
(>4 week) courses of therapy to reduce mother-to-
child transmission. Viral load is an important pre-
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dictor of transmission, and although zidovudine
reduces transmission at all levels of maternal vir-
aemia, in mothers with very high viral load
(>100 000 RNA copies/ml) the transmission rate
is >60% (fig. 2).[99] Since even with a 67% reduc-
tion in transmission the risk to the infant would
be 20%, additional measures are certainly required
for these babies and probably for any mother with
a viral load >10 000 to 20 000 copies/ml. Prelabour
caesarian section has been demonstrated, in a
randomised study, to reduce transmission by as
much as zidovudine, and most importantly the rate
of transmission was further reduced to <2% when
zidovudine and caesarian section were combin-
ed.[100] Similarly low transmission rates with triple
antiretroviral therapy are being reported from
small observational studies.

In utero exposure to zidovudine appears to be
relatively safe for the fetus. The only substantiated
regular adverse event is anaemia, attributable to
bone marrow suppression, which rarely requires
intervention and resolves when zidovudine is dis-
continued. Long term follow-up is required to ex-
clude later events, particularly carcinogenesis, but
no problems have been demonstrated in preschool
age children exposed in utero and peripartum. Al-
though zidovudine is not licensed for use in the
first trimester, and this is unnecessary to prevent
mother-to-child transmission, there has been no
evidence of teratogenicity. The numbers of expos-
ed babies prospectively reported remain too small
to exclude a small increase, or a significant in-
crease in rare malformations. Zidovudine is well
tolerated by pregnant women and 2 studies have
reported survival benefits postpartum with short
course therapy.

US[101] and UK[102] guidelines currently recom-
mend that mothers with advanced HIV infection
(symptoms, low CD4+ count or high viral load)
who would normally be treated with combination
antiretroviral therapy should be managed as if they
were not pregnant. For these women, for asymp-
tomatic women with high viral load and for women
with prior zidovudine exposure and zidovudine-re-
sistant virus, combination therapies are prescribed.

Until recently it was thought that with the excep-
tion of the third group zidovudine should always
be included, as it was the only compound shown to
reduce transmission.

In addition to data on combination therapies
there are now data for both ritonavir and nevirapine
which suggest equivalence with zidovudine. Since
PIs have limited placental transfer, reduction in
maternal viraemia may be more important than has
been thought for zidovudine. Although transmis-
sion in mothers with HIV RNA viraemia less than
1000 copies/ml has been reported, at least 1 study
has reported no transmissions below this level (fig.
2).[99] Since triple combinations reduce plasma
viraemia to less than 50 copies/ml, transmission,
unless occurring prior to the initiation of therapy
or in mothers in whom the viral load is underesti-
mated, is likely to be a rare event. Although biologi-
cally plausible, this assumption needs to be con-
firmed by larger studies than currently available.

Determining the safety of antiretroviral therapy
is likely to take many years. Monotherapy other
than with zidovudine is unlikely to be widely used,
at least in resource-rich countries. The only excep-
tion at present is nevirapine, but this is only pre-
scribed in labour and the first week of neonatal life.
Dual combinations have been superseded by triple
and more therapies and, as demonstrated by the
latest APR interim report,[103] the number of per-
mutations is vast. Voluntary reporting to specific
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drug registries results in lower rates of congenital
malformations than detected in population-based
studies. This is partly explained by the proportion
of defects that are not detected at birth and by under-
reporting when multiple abnormalities are present.
Efavirenz has been shown to cause serious congen-
ital malformations in nonhuman primates, but
other antiretroviral therapies have not been exam-
ined in this model. It is not known whether this is
a class-specific or drug-specific effect. The poor
transplacental transfer of some PIs may limit their
teratogenic potential, but the limited data available
suggest that they may be less well tolerated in later
pregnancy than nucleoside analogues or nevirap-
ine. Hyperbilirubinaemia, renal calcification and
glucose intolerance are particularly undesirable in
pregnancy.

Because it is impossible to comment on the tera-
togenic potential of all but a few combinations, be-
cause of the low number of babies exposed to each,
the APR data have been analysed by class and com-
binations of class. This examination has not iden-
tified any particular risk with any particular class,
nor any increase in risk with first trimester expo-
sure compared with later exposure (table V).

Women who conceive while receiving anti-
retroviral therapy may wish to discontinue therapy
during the first trimester. There are no data to sup-
port or refute this action. Consideration should be
given to maternal health and immune status at the
time of initiating therapy as well as at the current
time – viral rebound will occur within 2 to 3 weeks
and ‘strategic treatment interruptions’ have been
associated with significant CD4+ lymphocyte de-
cline. This could not only jeopardise maternal
health but in theory result in reactivation of infec-
tions associated with congenital abnormalities
such as toxoplasmosis. Many women will not real-
ise or report their pregnant state until well into the
period of organogenesis.

With the exception of efavirenz there are no data
to support changing therapy in pregnancy. How-
ever, if the mother’s treatment is failing then this
should be changed in time to ensure the lowest pos-
sible viraemia at the time of delivery.

Only exceptionally should antiretroviral ther-
apy be initiated in the first trimester. Reasonable
exceptions include serious illness for which anti-
retrovirals are the only recognised therapy.

For treatment-naive mothers requiring combi-
nation therapy, consideration should be given to
safety and efficacy data, tolerability and whether
treatment is likely to be continued after delivery.
The most extensive data available on safety and
prevention of transmission are for zidovudine and
lamivudine; however, the rapid development of
lamivudine resistance precludes dual therapy. In a
small retrospective study, triple therapies (mostly
zidovudine and lamivudine) including nevirapine
were well tolerated and effectively reduced mater-
nal viraemia.[94] However, the proposed duration
of therapy should be considered when initiating a
therapy, such as nevirapine, with a long half-life as
this may effectively result in monotherapy for sev-
eral days after discontinuing therapy. If treatment
discontinuation is planned, e.g. for a mother who
has elected to take triple therapy in pregnancy to
prevent mother-to-child transmission, a PI such as
nelfinavir might be preferred. However there are
no trial or observational data that address this issue.

Finally, and perhaps most importantly, women
receiving antiretroviral therapy are commonly re-
ceiving other therapies. In a multicentre retrospec-
tive study of 148 infants exposed to antiretroviral
therapy in utero, the risk of congenital malforma-
tion was significantly raised in those exposed to
folate antagonists for Pneumocystis carinii pneu-
monia (PCP) prophylaxis.[104] In addition to neural
tube defects, first trimester exposure to folate anta-
gonists has been associated with an increased fre-

Table V. Incidence of congenital malformations (any drug, any
combination) reported prospectively to the Antiretroviral Pregnancy
Register[5]

Trimester of
exposure

Incidence

numbera % 95% CI of %

Any 22/1027 2.1 1.4 to 3.3

First 6/444 1.4 0.6 to 3.1

Second/third 16/583 2.7 1.6 to 4.5

a Number of live births with at least 1 defect/total live births.

CI = confidence interval.
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quency of cardiac and renal tract malformations. The
therapeutic needs of all women of childbearing po-
tential should be regularly reviewed, particularly
now that PCP and other prophylactic therapies can
be safely discontinued as immune function recov-
ers. Regular administration of even small doses of
folic acid (such as found in some multivitamin pre-
parations) appears to negate this additional risk.[105]
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