
HIV-infected pregnant women and vertical transmission
in Europe since 1986

European Collaborative Study

Objective: To describe changes over a 15-year period in characteristics and manage-
ment of HIV-infected pregnant women in Europe.

Design: Prospective study.

Methods: Analysis of prospective data on 2876 pregnant HIV-infected women and
their 3076 infants. Factors examined included maternal socio-demographic, immuno-
logical and virological characteristics, antiretroviral therapy and pregnancy outcome.

Results: Among women enrolled, the proportion with heterosexual acquisition of
infection has increased signi®cantly from 59% (201/342) in 1985±1987 to 69% (327/
471) after 1997 while the proportion acquiring HIV through injecting drug use has
declined. Overall median CD4 cell count was 440 3 106/l and 41% of women had
undetectable viral load at delivery. In 1995 28% (72/256) of mother±child pairs
received the full 076 regimen to reduce risk of vertical transmission, rising signi®cantly
to 89% (116/130) by 1999. Use of triple therapy started in pregnancy has increased
signi®cantly from , 1% (1/153) in 1997 to 44% (47/107) in 1999. Exposure to
antiretroviral therapy was not associated with prevalence or pattern of congenital
abnormalities (P � 0.88) but was associated with reversible anaemia in the infant
(P , 0.002). The elective cesarean section rate has increased from 10% in 1992 to
71% in 1999/2000. The vertical transmission rate declined from 15.5% by 1994 to
2.6% after 1998. In multivariate analysis, adjusting for maternal CD4 cell count, risk
of vertical transmission was reduced by 66% (95% con®dence interval, 37±82%) with
the full 076 regimen and by 60% (95% con®dence interval, 33±73%) with elective
cesarean section delivery.

Conclusions: Changes in treatment of adult HIV disease have affected the manage-
ment of infected pregnant women. Despite therapeutic and surgical interventions,
vertical transmission still occurs. & 2001 Lippincott Williams & Wilkins
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Introduction

In the 6 years since zidovudine was ®rst shown to be
effective in reducing the risk of mother-to-child
transmission of HIV [1], information has become avail-
able on risk factors for, and mechanisms of, vertical
transmission and on the effectiveness of other prophy-
lactic interventions. The protective effects of avoiding
breastfeeding and vaginal delivery (each of which
approximately halve the risk), have been con®rmed in

randomized controlled trials [2,3], while observational
studies have shown an additive effect of the three
interventions, potentially reducing vertical transmission
to less than 1% [4±6]. The use of interventions to
reduce mother-to-child transmission on a population
basis has been shown to have resulted in a decline in
the number of new paediatric HIV infections [7,8].

The same period has also seen changes in the therapeu-
tic management of HIV disease, in particular an in-
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creasing use of combinations of at least three antiretro-
viral drugs, usually including a protease inhibitor,
initiated at an early stage [9,10]. This has resulted in a
signi®cant improvement in AIDS-free survival [11,12],
with increasing numbers of women becoming pregnant
while on combination therapy [13±16]. However, the
safety of foetal and neonatal exposure to antiretroviral
therapy, especially in combination, is unknown and the
short- and longer-term outcome of pregnancies with
exposure to potent combinations of antiretroviral drugs
needs to be established [17±19].

The situation for HIV-infected women who are preg-
nant or considering pregnancy is different today than it
was in the ®rst decade of the epidemic. In this paper
we describe the changes over time in the characteristics
of HIV-infected pregnant women and their infants
enrolling in the European Collaborative Study.

Methods

The European Collaborative Study (ECS) is a cohort
study. HIV-infected women are identi®ed during preg-
nancy and their infants prospectively followed accord-
ing to standard clinical and laboratory protocols. In
ECS centres, pregnant women are screened for HIV
infection and those found to be infected are invited to
participate in the study; pregnant women already
known to be HIV infected as the result of earlier
testing are also invited to take part. The ECS was set
up in 1986 and includes 26 centres in nine European
countries [6,20]. Informed consent is obtained before
enrolment, according to local guidelines and local
ethics approval has been granted.

Information collected at enrolment and during preg-
nancy includes current anti-retroviral treatment, mater-
nal CD4 cell count and viral load [21], maternal
injecting drug use (IDU) history and other socio-
demographic characteristics. Maternal IDU use was
classi®ed into never use, history of IDU and current
IDU on the basis of self-report, clinical observation and
the presence of drug withdrawal symptoms in the
neonate. Information on maternal CD4 cell count was
collected from 1992 onwards. Delivery and neonatal
characteristics are recorded including mode of delivery,
presence of congenital abnormalities and mode of
infant feeding. Laboratory tests including HIV RNA
PCR, serology and CD4 cell counts, were carried out
locally, with assays used recorded. Maternal CD4 cell
count and HIV RNA copy number nearest the time of
delivery were used in the analyses here. Assay types
used were Roche (Amplicor Monitor, versions 1.0 and
1.5, Roche Diagnostic Systems, Basel, Switzerland),
NASBA and Nuclisens (Organon Teknika, Oss, The
Netherlands); in one centre the branched DNA assay

(Chiron Diagnostics, Emeryville, California, USA) was
also used. Tests were usually carried out on plasma
samples, but occasionally on stored serum samples [6].

A child was classi®ed as infected after the onset of
AIDS, or detection of virus or antigen in at least two
blood samples (taken on separate occasions) or persis-
tence of antibody beyond 18 months of age; a child
was presumed uninfected if at least two blood samples
were antibody-negative and if no virus or antigen was
ever identi®ed. Neonatal anaemia was de®ned on the
basis of the PACTG toxicity tables, which take into
account the age of the infant at the time of the
haemoglobin quanti®cation.

Statistical analyses
Univariate comparisons for categorized variables were
tested with the Chi-square test and Chi-square test for
trends. Univariate and multivariate logistic regression
analysis was used to obtain odds ratios (OR) and 95%
con®dence intervals (CI). All probability values were
two-tailed. All analyses of HIV RNA copy number
were performed using a logarithmic scale. Data entry
and management were carried out using MS Access 97
and analyses were performed using SAS statistical soft-
ware (version 6.12, SAS Institute, Cary, North Caroli-
na, USA).

Results

Maternal socio-demographic and HIV-related
characteristics
By June 2000, 2876 HIV-infected women had enrolled
in the ECS, with 3076 infants. Approximately half the
women had been diagnosed as HIV-infected prior to
pregnancy (1382, 48%), with the remaining 52%
(2876) being diagnosed antenatally. Average maternal
age at the time of delivery was 27 years, increasing
from 24 years in 1985 to 30 years in 1999. The main
socio-demographic characteristics and mode of acquisi-
tion of HIV infection of the mothers at enrolment are
summarized in Table 1. Heterosexual acquisition in-
creased from 59% (201/342) in 1985±1987, to 69%
(327/471) after 1997, with a signi®cant overall trend
(÷2

trend, 7.92; P � 0.005). Over the same time period,
the prevalence of IDU risk factors declined from 82%
(266/323) in 1985±1987 to 33% (149/456) after 1997,
a signi®cant decline over the whole 15 year period
(÷2

trend, 270.2; P , 0.0001). The proportion of women
known to be injecting drug users (mainly heroin)
during pregnancy also declined signi®cantly over the
course of the study (÷2

trend, 15.95; P � 0.0001), from
32% (12/38) in 1985 to 25% (42/166) in 1990, 19%
(42/216) in 1995 and 8% (9/114) in 1999/2000.

Information on CD4 cell count was available for 1558
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(54%) mothers, with a median of 440 3 106/l (range,
0±2350 3 106/l). In 208 participants (13%) the CD4
cell count was , 200 3 106/l, in 703 (45%) it was
between 200 and 499 3 106/l and in 647 (42%) it was
> 500 3 106/l. The proportion of women with serious
immunosuppression (, 200 3 106 CD4 cells/l) in-
creased from 4% (2/51) in 1985±1987 to 17% (80/
461) in 1994±1996, but decreased to 12% (29/242)
after 1997. Median CD4 cell count declined from
550 3 106/l in 1985±1987 to 425 3 106/l in 1994±
1996, and was unchanged, with a median of
420 3 106/l, in 1997±2000.

Severe immunode®ciency was associated with ethni-
city: 20% (47/235) of black women had CD4 cell
counts , 200 3 106/l, 13% (153/1179) of white wo-
men and 14% (7/49) women from other ethnic groups
(÷2, 7.95; P � 0.019). In a multivariate analysis invol-
ving 1446 women, adjusting for ethnicity, year of
delivery and history of IDU, black women were more
than twice as likely to be severely immunosuppressed
than white women (OR, 2.30; 95% CI, 1.45±3.62;

P � 0.0004). Although women delivering in 1994±
1996 were nearly six times (OR, 5.89; 95% CI, 1.39±
24.9; P � 0.0158) more likely to be immunosuppressed
than those delivering in 1985±1987, women delivering
between 1997 and June 2000 were only 3.5 times
(OR, 3.48; 95% CI, 0.79±15.3; P � 0.0981) more
likely to have CD4 cell counts , 200 3 106/l than
those in the earliest period. In a subanalysis involving
531 women delivering since the start of 1995, receipt
of antiretroviral therapy in pregnancy was also included
in the multivariate analysis: the increased risk of
immunosuppression among black women remained
after adjusting for therapy (OR, 2.19; 95% CI, 0.48±
4.98; P � 0.0205), although no time trends in
immunosuppression during the time period were
apparent. Receipt of antiretroviral therapy was not a
signi®cant predictor of immunosuppression in the
model (OR, 1.66; 95% CI, 0.84±3.28; P � 0.149), but
most women had started therapy only relatively re-
cently (in most cases, during the pregnancy).

Information on HIV RNA copy number was available
for a total of 418 women, of whom 171 (41%) had
undetectable levels of virus. Among the remaining 247
women with detectable viral load, the geometric mean
HIV RNA level was 6039 copies/ml (range, 104±
2 600 000 copies/ml). Trends over time in maternal
viral load are shown in Table 2. Results for mean viral
load for each time period are presented separately by
assay type, as results obtained from Roche assays were
substantially lower than those obtained with NASBA
or Nuclisens assays. To investigate whether the trend
towards a lower mean viral load in the later years of
the study was a real ®nding, or a re¯ection of the
improved sensitivity of these assays in more recent years
of the study, we limited the analysis to test results
within the original limit of detectability of each assay.
This showed that there was decline in mean viral load,
particularly evident in the last 3 years of the study,
although less marked than that shown in Table 2, with
a decline from 10 591 copies/ml to 7880 copies/ml for
Roche and from 15 533 copies/ml to 7425 copies/ml
for NASBA/Nuclisens for the period 1994±1996 to
1997±2000.

Antiretroviral therapy started before pregnancy
Ninety-four women who delivered after the start of
1994 were known to be taking antiretroviral therapy
for their own health at the time they became pregnant.
These women had a lower median CD4 cell count
than that of the cohort as a whole, at 360 3 106/l
(range, 80±800 3 106/l). These 94 women represent
12% of the 783 mothers delivering since 1994 who
received antiretroviral therapy in pregnancy. Of the 94
women, all those who delivered in 1994 and 1995
were on monotherapy, but of the 25 delivering in
1999, 16 (64%) were on triple or quadruple therapy
and the other nine were on double therapy, re¯ecting

Table 1. Maternal socio-demographic characteristics at the time of
enrolment.

n %

Country of residence (n � 2876)
Italy 1229 43
Spain 788 27
Belgium 221 8
Germany 171 6
Sweden 159 6
UK 108 4
Netherlands 96 3
Denmark 20 1
Poland 84 3

Area of birth (n � 2733)
Europe 2285 84
Sub-Saharan Africa 349 13
North Africa and Middle East 26 1
The Americas 47 2
Asia 26 1

Ethnicity (n � 2657)
Asian 44 2
Black 391 14
White 2303 82
Other 64 2

Parity (n � 2649)
0 1604 61
1 656 25
2 236 9
3 or more 153 6

Marital status (n � 1144)
Single 305 27
Married 479 42
Cohabiting 287 25
Divorced, separated, widowed 73 6

Mode of acquisition (n � 2660)
Injecting drug use only 902 34
Heterosexual contact only 996 37
Injecting drug use or heterosexual contact 720 27
Blood transfusion 39 1.5
Occupational exposure 3 0.1
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trends in the management of adult HIV disease. In
three-quarters (70/94, 74%) of cases, the regimen con-
tained zidovudine. Zidovudine monotherapy was used
predominantly as intra-partum and neonatal prophylaxis
to reduce vertical transmission for these 94 infants,
although there were ®ve cases of nevirapine received
intrapartum, two cases of nevirapine received neona-
tally and ®ve cases of neonatal combination therapy.

Antiretroviral therapy started during pregnancy

There has been a signi®cant increase in the use of
prophylactic zidovudine to reduce vertical transmission.
In 1995 the full 076 regimen [1] was applied to 28%
(72/256) of pregnant women and children, increasing
to 62% (123/199) in 1997 and 89% (116/130) in 1999
(÷2

trend, 125.6; P , 0.0001). Although the 076 regimen
was followed in most centres, a modi®ed regimen was
used in Berlin, with the neonatal component admin-
istered as a 10 day course of intravenous zidovudine
[22]. Women who injected drugs in pregnancy were
signi®cantly less likely to receive prophylactic antiretro-
viral therapy in pregnancy than women who had never
been injecting drug users, although a previous history
of IDU had no effect on receipt of therapy (Table 3).
In multivariate logistic regression analysis adjusting for
ethnicity, year of delivery and centre and including 859
mothers, active injecting drug users were three-quarters
less likely to receive prophylaxis than other women.
Similarly, black women (who were largely of sub-
Saharan African origin) were only half as likely to
receive prophylaxis in pregnancy as white women,
adjusting for IDU (Table 3).

Of the 693 women who started antiretroviral therapy
during pregnancy, 518 (75%) received zidovudine
monotherapy, 106 (15%) double therapy and 69 (10%)
triple therapy. Use of three-drug regimens initiated in
pregnancy has increased from 1 out of 153 (0.7%)
women in 1997, to 26 out of 136 (19%) in 1998 and
47 out of 107 (44%) in 1999 (÷2

trend, 76.8; P ,
0.0001). Information on CD4 cell count and viral load
was available for 57 (83%) of the 69 women who
started triple therapy regimens during pregnancy: 32
(56%) had plasma HIV RNA levels . 30 000 copies
and/or CD4 cell counts , 350 3 106/l, which are the
levels at which commencement of therapy is recom-
mended. Thus, although the key purpose of initiation
of antiretroviral therapy in pregnancy was to prevent
vertical transmission, the type of treatment received
re¯ects the woman's own health needs. A total of 30
three- and four-drug combinations were used, with
four combinations accounting for most regimens: zido-
vudine � lamivudine � nel®navir (24 cases), zidovu-
dine � lamivudine � nevirapine (16 cases), zidovudine
� lamivudine � indinavir (12 cases) and zidovudine �
didanosine � lamivudine (11 cases). Most infants of the
69 women starting triple or quadruple therapy inTa
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pregnancy received zidovudine monotherapy as neona-
tal prophylaxis, with 24 (22%) receiving combination
therapy (mainly zidovudine � lamivudine).

Mode of delivery
In the mid-1980s, most women enrolling in the ECS
delivered vaginally. Following early reports from the
ECS that vaginal delivery was associated with an
increased vertical transmission risk [23,24] and the
subsequent results of the mode of delivery trial [2], the
elective cesarean section rate doubled between 1992
and 1993 from 10% (26/266) to 19% (52/276) and
reached 71% (101/143) in 1999/2000 (Fig. 1). How-
ever, there were marked differences between centres,
with a range of 14±88% in 1995±2000. The emer-
gency cesarean section rate has remained relatively
stable during the latter half of the 1990s, at around
14%, although this represents an increase since the late
1980s and early 1990s; this is probably the result of
women who are booked to have an elective cesarean
section delivery starting labour prematurely: there has
been a signi®cant increase in the prevalence of pre-
mature deliveries (before 37 weeks) amongst women

having emergency cesarean sections, from 28% (15/54)
in 1992±1993 to 35% (17/48) in 1996±1997 and 54%
(22/41) in 1998±1999 (÷2

trend, 9.03, P � 0.00265).

Breastfeeding
Fifty-four (2%) women breastfed their infants, with
duration of breastfeeding ranging from 6 h to 38 weeks.
These cases were concentrated in the early years of the
study, with only four women breastfeeding since the
start of 1996. Three of these women were African and
were diagnosed with HIV infection at the time of
delivery; two stopped breastfeeding as soon as the
positive test result became available (within 24 h),
while the remaining woman continued to breastfeed
her infant for 1 week after she received the test result.
The fourth woman who breastfed her infant was an
active IDU and had been diagnosed as HIV-positive 8
years previously; no information was available regarding
duration of breastfeeding in this case.

Neonatal anaemia
Information on haemoglobin levels in the ®rst 2
months of life was available for 332 infants. Among the
202 infants exposed to prophylactic antiretroviral ther-
apy, mean haemoglobin level was 11.7 g/dl (range,
8.3±20.0 g/dl) for the 126 exposed to monotherapy
and 13.3 g/dl (range, 7.9±19.9 g/dl) for the 76 exposed
to combination therapy, signi®cantly lower than that
among the 130 infants not exposed to antiretroviral
prophylaxis (mean, 14.7g/dl; range, 8.2±21.8 g/dl;
P , 0.002). There was a strong association between
exposure in foetal or early neonatal life to antiretroviral
therapy and a reversible anaemia, with 46 (37%) of the
126 monotherapy-exposed and 39 (51%) of the 76
combination therapy-exposed infants having anaemia
compared with 19 (15%) of the non-exposed infants
(÷2

trend, 32.02; P , 0.0001).

Congenital abnormalities
There were 37 children with congenital abnormalities,
with a similar prevalence and pattern among the infants

Table 3. Receipt of prophylactic antiretroviral therapy (ART) in pregnancy to reduce vertical transmission 1995±1999: results from univariate
and multivariate analyses.

Prophylactic ART in pregnancy
Adjusted

No [n (%)] Yes [n (%)] Odds ratio 95% CI P odds ratio 95% CI P

Injecting drug use
None 118 (22) 418 (78) 1.00 1.00
Past 52 (25) 152 (75) 0.82 0.57±1.19 0.305 1.10 0.70±1.73 0.685
Current 63 (53) 56 (47) 0.25 0.16±0.37 0.0001 0.23 0.13±0.39 0.0001

÷2 � 47.4, P � 0.001
Ethnicity

White 185 (31) 414 (69) 1.00 1.00
Black 40 (18) 184 (82) 2.06 1.40±3.02 0.0002 0.51 0.27±0.94 0.0317
Other 11 (23) 36 (77) 1.46 0.72±2.94 0.285 0.66 0.29±1.48 0.315

÷2 � 14.3, P � 0.001

�Adjusted for the other variable in the model, plus year of delivery and centre.
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Fig. 1. Trends in mode of delivery over time.
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exposed to antiretroviral therapy in utero (1.25%, 10/
800) compared with those not exposed (1.40%, 27/
2283). Of the 10 exposed children with congenital
abnormalities, two had Down's Syndrome, four had
ventricular septal defects and the remaining four had
cataract, hydrocephalus, polycystic kidney and an un-
speci®ed familial anomaly. There was a similar pattern
of abnormalities in the 27 unexposed children.

Longer-term paediatric follow-up of uninfected
children
Of the 1345 uninfected children in the 11 paediatric
centres followed up regularly, with clinical information
reported, 381 (28%) had been exposed to antiretroviral
therapy in utero. Two children exposed to zidovudine
monotherapy and nine unexposed children had severe
neurological abnormalities associated with other recog-
nized chronic conditions. A total of 201 uninfected
children were reported to have moderate clinical
symptoms on at least one follow-up visit, 35 of whom
had been exposed to antiretroviral therapy in utero.
Most of these reports of moderate symptoms related to
infections, such as gastro-enteritis and Candida, and
were concentrated in the ®rst few months of life.
There were no reports suggestive of mitochondrial
abnormalities, although speci®c investigations for this
condition were not carried out routinely.

Vertical transmission
The overall rate of vertical transmission declined from
15.5% (251/1620) up to the end of 1994 to 2.6% (4/
156) after 1998. Overall, the transmission rate was 5.7%
(35/612) for mother±child pairs receiving an incom-
plete 076 regimen, 4.0% (20/494) for those receiving
all three components and 1.7% (2/118) for those taking
combination therapy in pregnancy (excluding those
who were on combination therapy for their own
health). The vertical transmission rate was 2.2% (6/
268) where there was no breastfeeding, a complete 076
regimen and an elective cesarean section delivery.

Neither of the two infected infants whose mothers
received combination therapy in pregnancy were deliv-
ered by elective cesarean section; in one case, the
mother started therapy (zidovudine and lamivudine)
only 2 weeks before delivery and in the other the
mother was on triple therapy throughout pregnancy
and had a detectable viraemia.

Results from a multivariate analysis of risk of vertical
transmission allowing for treatment, mode of delivery
and maternal CD4 cell count including 1539 mother±
child pairs are presented in Table 4. Use of prophylactic
zidovudine during pregnancy, during labour/at delivery
and to the neonate was associated with a two-thirds
reduction in risk of vertical transmission; elective
cesarean section delivery was associated with a more
than halved risk.

Discussion

The characteristics of the HIV-infected women enrol-
ling in the ECS have changed since we last described
them 5 years ago [25,26]. HIV-infected women enrol-
ling in recent years were more likely to have acquired
their infection heterosexually than through IDU [25],
re¯ecting patterns in Europe generally [27]. They are
also having their children at increasingly older ages and
are more likely to know that they are HIV-infected
when they become pregnant. In recent years there have
been more women who acquired their infection
heterosexually and these women tend to be older when
they have their babies than IDU; the older average
maternal age also re¯ects the general trend in Western
Europe. The decline in average maternal CD4 cell
count over time reported previously [26] has levelled
out in the last few years, which may be due to the
increased use of antiretroviral therapy before preg-
nancy: for example, the use of triple combination

Table 4. Maternal and obstetric risk of vertical transmission. Multivariate analysis involving 1539 mother±child pairs, adjusting for antiretroviral
therapy, mode of delivery and maternal CD4 cell count.

Risk of vertical transmission

Odds ratio 95% CI P Adjusted odds ratio 95% CI P

Treatment group
No treatment 1.00 1.00
Incomplete 076 regimen 0.34 0.24±0.49 0.0001 0.41 0.25±0.67 0.0004
Whole 076 regimen 0.25 0.15±0.40 0.0001 0.34 0.18±0.63 0.0006
Combination therapy 0.10 0.02±0.39 0.001 0.15 0.002±1.13 0.0659

Elective cesarean section
No 1.00 1.00
Yes 0.30 0.22±0.42 0.0001 0.42 0.27±0.67 0.0003

Maternal CD4 cell count
> 500 3 106/l 1.00 1.00
200±499 3 106/l 1.32 0.93±1.87 0.076 1.52 1.06±2.18 0.0223
, 200 3 106/l 1.31 0.80±2.14 0.052 1.57 0.95±2.60 0.0781

CI, Con®dence interval.
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therapy in pregnancy more than doubled between
1998 and 1999.

Viral load was undetectable by the assays available in a
large proportion (41%) of mothers, and among those
with detectable virus, average viral load has declined
over the study period. However, the analysis of trends
in maternal viral load highlights the need to take into
account changing sensitivities of assays for HIV RNA
copy number when making comparisons over time.
Although these assay changes have contributed to the
decline in maternal viral load over time, there was
evidence of a real decline as well, which could be
related to the increased use of antiretroviral therapy in
pregnancy in the cohort. It was interesting that in the
more recent years of the study, women with low viral
loads also had quite low CD4 cell counts, which could
be related to the timing of initiation of antiretroviral
prophylaxis relative to the timing of the tests. Most
women in our cohort started therapy in the second or
third trimesters of pregnancy, and whereas viral load
may decline quite rapidly after initiation of therapy,
there may be a delay before there is an increase in CD4
cell count [28]. As CD4 cell counts after delivery are
not available in this dataset, we cannot investigate this
possibility further.

Prophylactic use of zidovudine to reduce vertical
transmission in our cohort has increased signi®cantly
since the PACTG 076 trial results were published in
1994 [1]. Although this increase has been slower than
reported elsewhere [5,29] by 1999 only 8% of women
and 2% of neonates did not receive prophylactic
zidovudine to reduce vertical transmission. Active
injecting drug users in our cohort were less likely to
receive prophylaxis than other women, even allowing
for year of enrolment. Lower rates of antiretroviral
therapy for clinical indications among injecting drug
users compared with other HIV-infected groups have
been reported elsewhere [30±33]. The poor adherence
of injecting drug users to antiretroviral therapy [34] and
their irregular clinic attendance may help to explain
why health care providers are reluctant to start known
substance abusers on complex antiretroviral regimens.
Black women in our study were also less likely to
receive prophylaxis during pregnancy, most probably
because they tended to be diagnosed at a later stage than
white women (data not shown). Furthermore, most
black women here were refugees or immigrants from
Africa; although we do not have information on the
immigration status of these women, a survey carried out
in several European centres, including 11 in the ECS,
suggests that many do not have permanent residency
status, which is likely to be a barrier to accessing health
care [35]. The ®nding that black women in our cohort
were more likely to be severely immunosuppressed than
white women is consistent with their reduced access to
treatment in general [36,37].

In 1999, nearly half of the women starting antiretroviral
therapy during pregnancy were taking triple therapy
regimens, compared with only 1% in 1997. Further-
more, by 1999 most (64%) women becoming pregnant
while taking antiretroviral therapy for their own health
were on triple therapy [38,39]. It is unclear whether
zidovudine needs to be part of the antenatal regimen
for vertical transmission prophylaxis, and whether
zidovudine monotherapy for the neonate is appropriate
in these circumstances. In the ECS, just under one-
quarter of infants exposed to triple therapy in utero
received neonatal prophylaxis with two or more drugs.

Observational data suggest that combination antiretro-
viral therapies involving three or more drugs in preg-
nancy are highly effective in reducing risk of vertical
transmission [14,15], although questions remain regard-
ing the long-term safety of these newer combinations
of drugs in pregnancy. In the 076 trial, no excess of
congenital malformations was found in the infants in
the zidovudine monotherapy arm compared with those
receiving a placebo; the most common adverse effect in
the trial was a transient anaemia [40,41]. A lack of
cardiac toxicity related to zidovudine exposure was
recently noted [42]. In the Bangkok trial of short-
course zidovudine to reduce vertical transmission, no
adverse events were identi®ed during 18 months of
follow-up [43]. In our cohort, there was no evidence
of any serious adverse effects on pregnancy outcome
among those exposed to antiretroviral therapy (largely
zidovudine monotherapy). There was also no evidence
of conditions suggestive of mitochondrial abnormalities
among antiretroviral-exposed, uninfected children,
although no speci®c investigations for such abnormal-
ities were carried out. Further investigations of a
possible link between exposure to antiretroviral drugs
and mitochondrial disease will require a collaborative
approach involving follow-up of large numbers of
exposed children, but incidence of mitochondrial dis-
ease is likely to be very rare [19].

By 1999 nearly three-quarters of infants in the ECS
were delivered by elective cesarean section. The trend
towards a increased emergency cesarean section rate,
associated with a premature delivery in women plan-
ning to have an elective cesarean section, has also been
observed in the Swiss Mother � Child HIV Cohort
(Rudin, Personal Communication, 2000). A signi®cant
interaction between zidovudine prophylaxis and elec-
tive cesarean section delivery in reducing vertical
transmission has been reported elsewhere [4,5]. Here
we report a considerably lower vertical transmission
rate, of 2%, among mother±child pairs where there
was no breastfeeding, an elective cesarean delivery and
prophylactic antiretroviral therapy (mainly zidovudine),
compared with 4% with no breastfeeding and prophy-
laxis alone, consistent with earlier reports [6]. Our
®nding of a 2% vertical transmission risk with zidovu-
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dine monotherapy and elective cesarean section may
reassure any HIV-infected woman or health care
provider who has concerns about starting a potent
triple therapy regimen in pregnancy.

Similar results to ours have been reported from the
Women and Infants Transmission Study (WITS), with
prophylactic zidovudine therapy being associated with a
two-thirds decrease in risk of transmission in both
studies. Our OR of 0.15 for combination therapy is
consistent with the WITS OR for combination therapy
with and without protease inhibitors (0.05 and 0.18
respectively) [14]. However, although in our study,
elective cesarean section was effective in further redu-
cing vertical transmission risk for each treatment group,
in WITS the effect of elective cesarean section, although
in the same direction, was of borderline signi®cance. In
another cohort study from the USA, preliminary results
suggest that elective cesarean section may reduce vertical
transmission risk among women on combination ther-
apy, with vertical transmission rates of 0% and 2.9% for
women having elective cesarean section and vaginal
deliveries respectively [44]. Such results are consistent
with an earlier ®nding of the ECS, that elective cesarean
section delivery is effective in reducing risk of vertical
transmission even in women with low viral loads [6].
An issue frequently raised regarding cesarean section
delivery concerns the risk of side-effects. In the mode of
delivery trial, although there was a higher rate of post-
partum fever in the cesarean section group than in the
vaginally delivered group (7% versus 1%), the overall
complication rate was low, with no serious or persistent
side-effects reported [2].

As the rates of vertical transmission reported here show,
there is a higher risk of transmission where an incom-
plete 076 regimen is used. A recent trial in Thailand
has provided more information on the ef®cacy of
maternal and neonatal zidovudine regimens of various
lengths, in which transmission rates in the long mater-
nal regimen (starting at 28 weeks) and short neonatal
regimen (3 days) arm and in the short maternal regimen
(starting at 35 weeks) and long neonatal regimen (6
weeks) arm were equivalent to the 076 regimen [45].
Poor adherence to antiretroviral therapy may also result
in an increased risk of vertical transmission. We do not
have information on adherence to drug regimens in
pregnancy, but a recent study suggested that up to a
third of people in trials of highly active antiretroviral
therapy are not adherent [46]. However, pregnant
women may be more motivated to adhere to therapy
than the non-pregnant population.

In our cohort of non-breastfeeding women, a small
number of vertical transmissions occurred despite re-
ported use of both elective cesarean section and
antiretroviral prophylaxis. Although the situation today
in developed countries is such that vertically trans-

mitted infections are increasingly rare, it is important to
remember when counselling women with HIV infec-
tion who are considering having a baby and those who
are already pregnant that there is a risk, in isolated
cases, for a woman despite her antiretroviral therapy,
having an elective cesarean section and not breastfeed-
ing to still have an infected infant.
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