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THE MODE OF DELIVERY AND THE RISK OF VERTICAL TRANSMISSION
OF HUMAN IMMUNODEFICIENCY VIRUS TYPE 1

A Meta-Analysis of 15 Prospective Cohort Studies
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ABSTRACT

Background To evaluate the relation between
elective cesarean section and vertical transmission
of human immunodeficiency virus type 1 (HIV-1), we
performed a meta-analysis using data on individual
patients from 15 prospective cohort studies.

Methods North American and European studies of
at least 100 mother—child pairs were included in the
meta-analysis. Uniform definitions of modes of de-
livery were used. Elective cesarean sections were de-
fined as those performed before onset of labor and
rupture of membranes. Multivariate logistic-regres-
sion analysis was used to adjust for other factors
known to be associated with vertical transmission.

Results The primary analysis included data on
8533 mother-child pairs. After adjustment for receipt
of antiretroviral therapy, maternal stage of disease,
and infant birth weight, the likelihood of vertical trans-
mission of HIV-1 was decreased by approximately 50
percent with elective cesarean section, as compared
with other modes of delivery (adjusted odds ratio,
0.43; 95 percent confidence interval, 0.33 to 0.56). The
results were similar when the study population was
limited to those with rupture of membranes shortly
before delivery. The likelihood of transmission was
reduced by approximately 87 percent with both elec-
tive cesarean section and receipt of antiretroviral
therapy during the prenatal, intrapartum, and neona-
tal periods, as compared with other modes of deliv-
ery and the absence of therapy (adjusted odds ratio,
0.13; 95 percent confidence interval, 0.09 to 0.19).
Among mother—child pairs receiving antiretroviral
therapy during the prenatal, intrapartum, and neona-
tal periods, rates of vertical transmission were 2.0
percent among the 196 mothers who underwent elec-
tive cesarean section and 7.3 percent among the 1255
mothers with other modes of delivery.

Conclusions The results of this meta-analysis sug-
gest that elective cesarean section reduces the risk
of transmission of HIV-1 from mother to child inde-
pendently of the effects of treatment with zidovu-
dine. (N Engl J Med 1999;340:977-87.)
©1999, Massachusetts Medical Society.

SUBSTANTIAL proportion of the cases

of mother-to-child (vertical) transmission

of human immunodeficiency virus type 1

(HIV-1) occur during the intrapartum pe-

riod.! Possible mechanisms include transfusion of

the mother’s blood to the fetus during labor con-

tractions, infection after the rupture of membranes,

and direct contact of the fetus with infected secre-

tions or blood from the maternal genital tract.23

Therefore, performing cesarean section before the

onset of labor and the rupture of membranes could
decrease the risk of vertical transmission.

Early findings from ongoing European cohort
studies suggested an association between the mode
of delivery and vertical transmission of HIV-1.#¢
Subsequently, studies that used multivariate analyses
found a decreased likelihood of transmission with
cesarean section”!0 or elective cesarean section.!l,12
An association between the mode of delivery and
the risk of vertical transmission was not demonstrat-
ed in other studies, possibly owing to small sample
sizes!31* or an inability to distinguish between elec-
tive and nonelective cesarean sections.31516 A rela-
tion between the mode of delivery and the risk of
mother-to-infant transmission of HIV-1 has never
been demonstrated in analyses of data from North
American cohort studies or, until recently, from a
large European cohort study in which elective cesar-
ean sections were distinguished from nonelective ce-
sarean sections.!” Previous meta-analyses were un-
able to distinguish between elective and nonelective
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cesarean section or to control for potentially con-
founding variables.!8.19

In the absence of data from the European ran-
domized clinical trial of the mode of delivery,2° we
initiated an international collaborative effort result-
ing in a meta-analysis of data on individual patients
in prospective cohort studies to evaluate the associ-
ation between the mode of delivery and the risk of
vertical transmission of HIV-1. The a priori hypoth-
esis was that the risk of vertical transmission is lower
among HIV-1-infected women who undergo elec-
tive cesarean section than among those who use
other modes of delivery.

METHODS

Eligible studies were prospective cohort studies that included
at least 100 mother—child pairs, that had data on the mode of de-
livery and the children’s infection status, and that were conducted
in regions where HIV-1-infected women are advised not to
breast-feed. Studies written in English were identified by comput-
erized searches of the medical literature with the use of Medline
and through discussions with colleagues.

The study population consisted of all mother—child pairs en-
rolled in the participating studies on or before January 1, 1997,
except those enrolled after the first seven days of the child’s life,
those in which the mother was not known to be infected with
HIV-1 on or before the date of the child’s birth, those involving
multiple births, and those in which the child was known to have
been breast-fed. For ongoing studies, children who were not
born before a study-specific date before January 1, 1997, were ex-
cluded to accommodate the varying lengths of time (3 to 18
months) required to ascertain a child’ infection status, depend-
ing on the methods used (e.g., either virologic detection or
serologic methods combined with clinical data) in the different
studies.

Four categories of delivery were analyzed: elective cesarean sec-
tion, which was performed before the rupture of membranes and
the onset of labor; nonelective cesarean section, which was per-
formed after the rupture of membranes or the onset of labor, or
both; instrumental vaginal delivery, in which forceps, vacuum
suction, or both were used; and non-instrumental vaginal deliv-
ery, in which neither forceps nor vacuum suction was used. Med-
ical-record abstraction was performed only to obtain missing data
on the mode of delivery or a child’s HIV-1-infection status.

Potential covariates were selected on the basis of the results of
previously published studies of risk factors for the vertical trans-
mission of HIV-1 and on the availability and comparability of
data among studies. The following covariates met these criteria:
receipt or nonreceipt of antiretroviral therapy during three peri-
ods (prenatal, intrapartum, and neonatal), the presence or ab-
sence of the acquired immunodeficiency syndrome (AIDS) in the
mother, and the presence or absence of substance abuse during
pregnancy as categorical variables and maternal CD4+ cells as an
absolute count and as a percentage of all lymphocytes, the child’s
birth weight, and the week of gestation as continuous variables.
Since the interval between the rupture of membranes and deliv-
ery was incorporated into definitions of elective and nonelective
cesarean section, this variable was not included in the primary
analysis. Data were transmitted from each study to the data-coor-
dinating center after the completion, if necessary, of medical-rec-
ord abstraction.

An initial meta-analysis was conducted that was stratified ac-
cording to the study cohort; a Breslow—Day test?! was used to
assess the homogeneity of the odds ratios relating the mode of
delivery to the infection status of the child. In unadjusted analyses
we used the exact conditional method?? and a random-effects
model to estimate the common odds ratio.23 The odds ratio, de-
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rived from logistic-regression modeling, was used to test the
study’s hypothesis by assessing the strength of the association be-
tween the mode of delivery and the child’s infection status, after
adjustment for other covariates included in the model. The like-
lihood ratio and Wald tests were used to select the model, such
as to test the main effect of covariates or to test for interactions
between the mode of delivery and the covariates. A Pearson chi-
square test was used to assess the goodness of fit between the
model and the data.2* Reported P values for all statistical tests are
two-sided.

RESULTS

Representatives of 15 of the 16 eligible studies
agreed to participate in the meta-analysis, including
all 5 European and all 10 North American studies:
the Ariel Project; the Centre Maternel et Infantile
sur le SIDA cohort; the European Collaborative
Study, with the Italian Collaborative Group on HIV
and Pregnancy; the French Perinatal Cohort Study;
the Italian Register for HIV Infection in Children;
the University of Miami Infants of HIV-1 Seroposi-
tive Mothers Study; the Mothers and Infants Cohort
Study; the Perinatal AIDS Collaborative Transmis-
sion Studies; the Pediatric Pulmonary and Cardio-
vascular Complications of Vertically Transmitted HIV
Infection Study; the Swiss Neonatal HIV Study-
Swiss HIV and Pregnancy Study; the UCLA-Los
Angeles Maternal-Infant HIV Transmission Study;
the Los Angeles County—University of Southern
California Perinatal Transmission Study; the Women
and Infants Transmission Study; and the Yale Pro-
spective Longitudinal Cohort Study. Details regard-
ing the study designs, data collection, and study
populations have been reported previously.12-1416.25-35
Data from one eligible study in Asia that did not
participate indicate that cesarean section is asso-
ciated with a lower risk of vertical transmission of
HIV-1.36 Several hundred mother—child pairs who
were enrolled in both the European Collaborative
Study and the Italian Register for HIV Infection in
Children were treated as a separate group.

Of 15,471 mother—child pairs enrolled in partic-
ipating studies, 4585 met the exclusion criteria. The
data included in the primary analysis were further re-
stricted to mothers for whom the type of cesarean
section (elective or nonelective) was known or who
underwent vaginal delivery, to children whose HIV-1
status was known (infected or uninfected), and to
the older (or oldest) child when there were younger
siblings in the data set; 8533 mother—child pairs
were eligible for inclusion in the primary analysis.
As Figure 1 indicates, elective cesarean section was
performed significantly more frequently in Europe
than in North America from 1982 through 1996
(P<0.05).

The crude odds ratio for the relation between
elective cesarean section and the infection status of
the child was calculated for each study cohort (Fig.
2). There was no evidence that the relation between
the mode of delivery and risk of vertical transmission
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1982- 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
1986
Child’s Year of Birth
No. oF MOTHER-CHILD PAIRS
Europe 435 408 439 507 565 583 596 591 565 373 189
North America 71 92 124 150 284 398 481 554 548 444 136

Figure 1. Unadjusted Proportions of Elective Cesarean Sections among 8533 HIV-1-Infected Women in Europe and

North America, According to the Child’s Year of Birth.

For each year, a significantly larger proportion of deliveries was performed by elective cesarean section in Europe than

in North America (P<0.05).

varied significantly among the studies (chi-square=
9.8 with 14 df by the Breslow—Day test of homoge-
neity; P=0.78). The individual odds ratios for stud-
ies were pooled to create a summary estimate of the
overall odds ratio. According to the exact condition-
al method, the summary odds ratio was 0.45 (95
percent confidence interval, 0.35 to 0.58; P<<0.001
for a test of the null hypothesis that the odds ratio
is equal to 1.0). A similar summary odds ratio was
obtained with use of the random-effects model.
The use of antiretroviral therapy during the pre-
natal, intrapartum, and neonatal periods increased
dramatically in 1994 after the report from the AIDS
Clinical Trials Group Protocol 076 that a three-part
regimen of zidovudine given to the mother before
and during labor and delivery and to the infant after
birth significantly reduced the risk of perinatal trans-
mission of HIV-137 (Fig. 3). Of the 4675 mother—
child pairs who did not receive prenatal or neonatal
antiretroviral therapy, over 99 percent also did not
receive intrapartum antiretroviral therapy. Therefore,
1294 mother—child pairs who did not receive prena-
tal or neonatal antiretroviral therapy but whose sta-

tus with respect to intrapartum therapy was un-
known were considered not to have received intra-
partum antiretroviral therapy.

A composite variable representing advanced ma-
ternal disease was created because data on the abso-
lute CD4+ lymphocyte count and the percentage of
CD4+ lymphocytes were missing for over 30 per-
cent of the mothers and because of the close relation
between these data and the presence of AIDS. A
woman was considered to have advanced disease
only if she had been given a diagnosis of AIDS or,
in the absence of such a diagnosis, if she had a
CD4+ cell count of less than 200 cells per cubic
millimeter or if less than 14 percent of all lympho-
cytes were CD4+ cells.

Since the birth-weight and gestational-age variables
were correlated, only birth weight was incorporated
into the multivariate analyses. Birth weight was select-
ed because of the greater variability in the methods
of ascertaining gestational age among the studies.
Birth weight was dichotomized as low (<2500 g) or
not low (=2500 g). Substance abuse during preg-
nancy was not included in the primary analysis be-
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Figure 2. Crude Odds Ratios for the Association of Elective Cesarean Section with the Risk of Vertical Transmission of HIV-1 among
8533 Mother-Child Pairs in 15 Studies and in Meta-Analyses Based on the Exact Conditional Method and the DerSimonian-Laird
Random-Effects Model.

Studies are listed in decreasing order of the odds ratios. Bars indicate 95 percent confidence intervals. The size of each square is
proportional to the sample size of the corresponding study. Asterisks indicate that the lower limit of the confidence interval is less
than 0.01; in these studies there were no cases of vertical transmission of HIV after elective cesarean section. Miami denotes Uni-
versity of Miami Infants of HIV-1 Seropositive Mothers Study; EC-IR, mother—child pairs enrolled in both the European Collaborative
Study and the ltalian Register for HIV Infection in Children; PACTS, Perinatal AIDS Collaborative Transmission Studies; ECS, Euro-
pean Collaborative Study, with the Italian Collaborative Group on HIV and Pregnancy; Yale, Yale Prospective Longitudinal Cohort
Study; MICS, Mothers and Infants Cohort Study; French, French Perinatal Cohort Study; WITS, Women and Infants Transmission
Study; UCLA, UCLA-Los Angeles Maternal-Infant HIV Transmission Study; Italian Register, Italian Register for HIV Infection in Chil-
dren; Swiss, Swiss Neonatal HIV Study—-Swiss HIV and Pregnancy Study; LAC/USC, Los Angeles County—University of Southern
California Perinatal Transmission Study; CMIS, Centre Maternel et Infantile sur le SIDA cohort; and P2C2, Pediatric Pulmonary and
Cardiovascular Complications of Vertically Transmitted HIV Infection Study.

cause of the high proportion (over 30 percent) of
mothers with missing data for this variable and be-
cause of the variability in the methods used to identify
substance abuse in the different studies. The distri-
bution of covariates included in multivariate regres-
sion modeling is shown in Table 1.

A logistic-regression model (Table 2) was fitted to
the data for 7840 mother—child pairs for whom data
were complete, including the mode of delivery and
the following three covariates: receipt of antiretrovi-
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ral therapy, advanced maternal disease, and low birth
weight of infants. After adjustment for these three
covariates, elective cesarean delivery remained strong-
ly associated with a lower risk of vertical transmis-
sion of HIV-1 (odds ratio, 0.43; 95 percent confi-
dence interval, 0.33 to 0.56). The overall fit of the
model was excellent (Pearson’s chi-square =12.8 with
18 df, P=0.80) (Table 3).

A logistic-regression model was also fitted to the
data that included the three covariates as well as in-
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