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Preventing perinatal
transmission of
HIV-1 infection

Simona Fiore, Marie-Louise Newell

It is now known that with the use of antiretroviral prophylaxis with

zidovudine, elective caesarean section delivery and refraining from
breastfeeding the rate of mother-child transmission of HIV infection can be

reduced to less than 2%.

early all 600 000 or more new human

immunodeficiency virus (HIV)

infections in children each year are

the result of mother—child transmis-
sion. Although over 90% of these infections
occur in sub-Saharan countries, a number of
infants are at risk of becoming congenitally
infected in Europe, where the estimated preva-
lence of HIV infection among pregnant women
ranges from 2.6 to less than 0.2 per 1000 live-
births (Law et al, 1999).

VERTICAL TRANSMISSION

Mother—child transmission can occur before,
during and after delivery. Before the widespread
use of interventions, rates of mother—child trans-
mission ranged from 15-20% in Europe, to
16-30% in the USA, 25-40% in Africa and
13-48% in South and South East Asia. Based on
indirect evidence it is now generally accepted
that, in the absence of breastfeeding, about 75%
of vertically infected infants acquire their infec-
tion around the time of delivery, while in breast-
feeding populations this is about 50%. Risk
factors for vertical transmission include indica-
tors of progression of maternal disease, such as
viral load and clinical disease, and obstetric and
neonatal factors such as prematurity, mode of
delivery and breastfeeding.

Knowledge about timing and risk factors has
informed interventions resulting in the reduc-
tion of the risk of vertical transmission.
Prophylactic antiretroviral therapy reduces
maternal viral load, and may thus prevent trans-
mission, while an elective caesarean section
delivery avoids contact of the fetus with conta-
minated maternal secretions. Refraining from
breastfeeding reduces exposure to potentially
infectious milk.

PROPHYLACTIC ANTIRETROVIRAL
THERAPY

After the positive results from the American-
French trial ACTGO076, which showed that
zidovudine administered antenatally, during
labour and neonatally reduced vertical trans-
mission risk by over two-thirds in a non-breast-
feeding population (Connor et al, 1994), trials
were set up to investigate shorter, easier and
cheaper zidovudine regimens to be effective in
both breastfeeding and non-breastfeeding popu-
lations (Dabis et al, 1999; Shaffer et al, 1999).
Results from these trials confirm the substan-
tial effect of zidovudine in reducing the risk of
vertical transmission.

In 1999, preliminary results of a trial in
Uganda, evaluating the effectiveness of peripar-
tum nevirapine compared to a similar regimen of
intrapartum and neonatal zidovudine, suggested
a highly significant effect of nevirapine on the
rate of vertical transmission at 4 months of age
in breastfed children (Guay et al, 1999).
Nevirapine was given orally once to the mother
at the onset of labour, and once to the infant in
the first 3 days of life.

A randomized, double-blinded, placebo-con-
trolled trial of nevirapine vs placebo in addi-
tion to routine zidovudine prophylaxis
(PACTG316) is currently underway in the
USA, Europe and Brazil. The regimen involves
a single oral dose of nevirapine to the mother
during labour or before a caesarean section,
followed by a single oral dose to the infant
within 72 hours of birth. Women receive rou-
tine antiretroviral therapy during pregnancy
including as a minimum the ACTG076 regi-
men and are asked not to breastfeed. Nearly
half of the 1000 women randomized to date
have received triple therapy with a protease
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inhibitor during pregnancy (S Fiore, personal
communication, 2000). It is expected that trial
enrolment will be completed by the end of
2000.

Observational studies have confirmed the
two-thirds reduction in vertical transmission
risk associated with the ACTG076 regimen
(Wade et al, 1998; Mandelbrot et al, 1998;
European Collaborative Study, 1999). However,
questions have been raised regarding the neona-
tal component of zidovudine prophylaxis,
including the effect of a delay in its initiation,
the optimum duration of neonatal prophylaxis
and the practicality of the 6-week regimen of
ACTGO76, in particular for infants who are pre-
mature or experiencing drug withdrawal. A
European survey has shown that although pro-
phylactic zidovudine therapy is now widespread
in Europe, variations exist in the implementa-
tion of the various components of the ACTG076
regimen (European Collaborative Study, 1998).
Partial use of the regimen has been shown to be
somewhat less efficacious, in accordance with
results from trials of short-course zidovudine
regimens.

Wade et al (1998), using data from New York
State, reported vertical transmission rates of 6%,
10% and 9% for zidovudine prophylaxis begun
antenatally, during delivery and within 48 hours
of birth respectively, although numbers were
small and confidence intervals therefore large.
Initiation of zidovudine prophylaxis after
48 hours in neonates whose mother had not
received any zidovudine was found not to be
effective in reducing the risk of vertical trans-
mission.

Guidelines for antiretroviral therapy during
pregnancy emphasize the dual nature of vertical
transmission prophylaxis and optimal treatment
of the mother’s HIV infection (Taylor et al,
1999). An additional issue is the fact that
increasing numbers of HIV-infected women are
becoming pregnant while on combination ther-
apy for their own disease progression (Lorenzi et
al, 1998).

Adverse effects

A mild and reversible anaemia is the major
immediate toxicity associated with exposure to
prophylactic zidovudine to reduce vertical trans-
mission (Dabis et al, 1999; Sperling et al, 1998).
Zidovudine can be incorporated into the DNA of
leukocytes in zidovudine-exposed adults and
infants with in-utero exposure, although there is
a large range in the amount of incorporated
zidovudine, possibly reflecting differences in
zidovudine metabolism (Olivero et al, 1999).

This issue raises the possibility that unin-
fected children exposed to zidovudine to reduce
vertical transmission may also be at risk of
mutagenic and carcinogenic effects at a later
age. Following the cessation of ACTG076, 234
uninfected infants born to mothers enrolled in
the trial were followed up for an average of
4 years. No adverse effects were observed in the
zidovudine exposed group and during this time
there have been no deaths or malignancies
reported in either zidovudine or placebo groups
(Culnane et al, 1999). Furthermore, there have
been no significant differences between zidovu-
dine- and placebo-exposed children with regard
to growth, lymphocyte subsets and develop-
ment. However, owing to the relatively small
number of children still in follow-up, these
studies had limited power to detect very rare
adverse events.

Of concern are the recent reports of a small
number of serious adverse effects possibly asso-
ciated with exposure to antiretroviral therapy in
the form of mitochondrial dysfunction. In
France, analysis of 1754 mother—child pairs who
were exposed to antiretroviral therapy, either as
part of a large phase II trial of combined zidovu-
dine and lamivudine to reduce vertical transmis-
sion or as a result of maternal treatment,
identified eight children (all uninfected) with
mitochondrial dysfunction (Blanche et al, 1999).
Two children presented clinically and died, and
the mitochondrial dysfunction was diagnosed
later. The remaining six children were diagnosed
in a retrospective assessment of available data in
the French perinatal study. Four of the eight chil-
dren had been exposed to zidovudine alone, and
four to both zidovudine and lamivudine. Five
children had neurological symptoms including
seizures, myopathy and cognitive impairment
(including the two who died at 11 and 13 months
of age), while the remaining three were without
clinical symptoms but had biochemical abnor-
malities.

Estimates of prevalence of mitochondrial
disease in the general child population suggest
that this is an extremely rare condition and
adds weight to the hypothesis that mitochondr-
ial dysfunction and fetal and neonatal exposure
to nucleoside analogues could be linked.
Investigation of the large American trials’ data-
bases have not shown any evidence of unex-
pected deaths in exposed uninfected children.
It is fundamental to investigate more fully the
occurrence of serious adverse events on an
international scale, using prospective studies,
which follow up large numbers of both
infected and uninfected children. Systems need
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to be set up to monitor the possible long-term
consequences of early exposure to antiretrovi-
ral therapy.

MODE OF DELIVERY

A consistent body of evidence from observa-
tional studies, a meta-analysis and a randomized
trial indicate that elective caesarean section
before onset of labour and rupture of mem-
branes significantly reduces the risk of trans-
mission compared to both vaginal and
emergency caesarean section deliveries (The
European Mode of Delivery Collaboration,
1999; International Perinatal HIV Group, 1999;
European Collaborative Study, 1999;
Mandelbrot et al, 1998). In the European mode
of delivery trial (1999) a total of 436 women
were randomized to either vaginal or caesarean
section delivery. The trial results confirm find-
ings from observational studies that vaginal
delivery is associated with a more than two-fold
increased risk of vertical transmission of HIV
infection, independent of the use of prophylactic
antiretroviral therapy. The transmission rate was
1.8% in women allocated to caesarean section
compared with 10.5% in those randomized to
vaginal delivery. There was no significantly
increased risk of complications for the mother
in the caesarean section group.

Results from a large meta-analysis
(International Perinatal HIV Group, 1999)
involving more than 8500 mother—child pairs
from 10 American and 5 European observational
studies were consistent with the above trial. The
effect was again independent of the use of pro-
phylactic zidovudine during pregnancy, intra-
partum or neonatally. A recent analysis of data
from the European Collaborative Study (1999)
evaluated the effect of elective caesarean section
allowing for maternal viral load, which had not
been possible in the above meta-analysis. Results
showed the beneficial effect of caesarean section
to be similar both for women with a viral load
above and below the median.

With increasing numbers of pregnant HIV-
infected women receiving antiretroviral prophy-
laxis and having an elective caesarean section
delivery, more information has become available
on the interaction between these interventions.
In the French Perinatal Cohort Study, multivari-
ate analysis of 902 mother—child pairs receiving
zidovudine prophylaxis indicated a five-fold
reduction in transmission risk following elective
caesarean section compared with vaginal deliv-
ery, with a vertical transmission rate in women
exposed to both interventions of less than 1%
(Mandelbrot et al, 1998).

European guidelines recommend that all
HIV infected women should be offered an
elective caesarean section delivery, as well as
prophylactic antiretroviral therapy and be
advised to refrain from breastfeeding (Tovo et
al, 1999). Similarly, the American College of
Obstetricians and Gynecologists has reached a
consensus that all HIV-infected women should
be offered an elective caesarean section deliv-
ery, with appropriate counselling of the bene-
fits associated with receiving both zidovudine
prophylaxis and caesarean delivery. It is rec-
ommended that elective caesarean sections
should be scheduled at 38 completed weeks of
gestation, with intravenous zidovudine prophy-
laxis given before the procedure according to
the dosing schedule recommended in the
ACTGO076 protocol. Prophylactic antibiotics
should be administered if deemed necessary
(American College of Obstetricians and
Gynecologists, 1999).

OTHER INTERVENTIONS

Results of randomized trials which investigated
the efficacy of zidovudine with or without HIV
hyperimmune immunoglobulin in reducing the
risk of vertical transmission have recently been
published, but this trial was discontinued early
because of the low rate of vertical transmission
in both arms.

Results from trials evaluating the effect of vit-
amin A supplementation on mother—child trans-
mission are now becoming available, suggesting
a lack of effect on vertical transmission rate
(Coutsoudis et al, 1999).

Vaginal cleansing with chlorhexidine was
found to reduce vertical transmission only in
the subset of women with duration of rupture
of membranes longer than 4 hours (Taha et
al, 1997).

INFANT FEEDING

Further to the recommendation developed col-
laboratively by UNAIDS, UNICEF and WHO
that where safe, affordable, feasible and accept-
able, HIV-infected women should be advised to
refrain from breastfeeding, there is now increas-
ing interest in finding ways to optimize breast-
feeding while minimizing the risks of
transmission. This would be particularly impor-
tant in settings where alternative infant feeding
methods are not an option (Newell, 1999).

CONCLUSION

There is now sufficient information to recom-
mend a concerted effort to identify HIV-infected
women during pregnancy and to offer them pro-
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phylactic antiretroviral therapy, elective cae-
sarean section delivery and advice on refraining
from breastfeeding. With this advice vertical
transmission risk can be reduced significantly.
However, the optimum antiretroviral therapy
regimen for prophylactic purposes has not yet
been determined, and it is not known what the
consequences will be of the increasing use of
pre-pregnancy antiretroviral therapy combina-
tions in adults to delay progression of disease.
Possible adverse effects on the large majority of
uninfected children exposed to antiretroviral
drugs during intrauterine or early life need care-
ful and prolonged monitoring to ensure early
recognition of what are likely to be very rare
effects.
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KEY POINTS

B About 75% of vertically infected non-breastfed infants acquire human immunodeficiency virus (HIV) infection
around the time of delivery, while in breastfeeding populations this proportion is about 50%.

B Prophylactic antiretroviral therapy reduces maternal viral load in the mother, and may thus prevent
transmission, while an elective caesarean section delivery avoids contact of the fetus with contaminated
maternal secrefions. Refraining from breastfeeding reduces exposure to potentially infectious milk.

B Of concern are the recent reports of a small number of serious adverse effects possibly associated with
exposure to antiretroviral therapy. It is fundamental to investigate more fully the occurrence of serious adverse
events in both infected and uninfected children. Systems need to be set up to monitor the possible long-term
consequences of early exposure to antiretroviral therapy.

B European guidelines recommend that all HIV-infected women should be offered an elective caesarean section
delivery, as well as prophylactic antiretroviral therapy, and be advised to refrain from breastfeeding.
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