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Objective: To compare the survival of children born to HIV-1 or HIV-2 seropositive
mothers with that of children born to HIV-seronegative mothers and to evaluate risk
factors for mortality.

Design: Physician-blinded prospective study.

Methods: One hundred and one HIV-1-seropositive, 243 HIV-2-seropositive pregnant
women, and 468 HIV-seronegative women (control group) matched by age, parity,
and health centre, were followed up in a study of mother-to-child transmission of HIV.
Mothers and children were seen at 2 and 6 months of age and subsequently followed
at 3-monthly intervals up to 18 months of age. HIV infection in children was
diagnosed by polymerase chain reaction at 2, 9 or 18 months and by antibody assays
at 18 months.

Results: Fifteen per cent of children born to HIV-1-infected mothers died compared
with 7% of children born to HIV-2-infected mothers [hazard ratio, 2.3; 95% con-
fidence interval (Cl), 1.1-4.7; P=0.02], and 6% of HIV-seronegative mothers (hazard
ratio, 2.6; 95% Cl, 1.4-5.0; P=0.003). Six of the 17 children known to be HIV-1
infected died compared with none among the eight HIV-2-infected children
(P=0.13). High proviral load in the babies, high antenatal maternal RNA plasma viral
load, and maternal death increased child mortality significantly.

Conclusions: More children born to HIV-1-infected mothers died in comparison with
those born to HIV-2-infected mothers or to mothers from the control group. This effect
was due to excess death in HIV-T-infected infants which was associated with a high
viral load in the affected mother and child. © 2000 Lippincott Williams & Wilkins
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Introduction immunization and improved mother and child care [2]
is being rapidly undermined [3].

The high rise in HIV-1 infection in women in Africa

has resulted in an alarming increase in child mortality Most reports on the impact of maternal HIV infection
due to mother-to-child transmission of the virus [1]. on child survival deal with HIV-1 infection [4-6];
Thus, the hard won reduction in child mortality there is a dearth of information on the effect of
achieved by child survival strategies such as infant maternal HIV-2 infection on the oftspring. HIV-1 and
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HIV-2 infections are present in The Gambia. Thus, in
order to understand the dynamics of HIV-1 and HIV-2
mother-to-child transmission and its relation to disease
progression in children we designed a cohort study to
evaluate survival of infants born to HIV-1- and HIV-
2-infected, and to uninfected mothers.

Materials and methods

A cohort of pregnant women consisting of HIV-1-,
HIV-2-, dually-seropositive and seronegative controls,
were recruited to evaluate mother-to-child transmission
of HIV [7]. Field assistants visited babies born to these
women in their homes at birth or soon after. Further
visits in their homes by field assistants and physicians
were at 2 and 6 months after birth, and thereafter every
3 months until 18 months of age. At each of these
visits, a basic morbidity (or mortality) questionnaire
was completed, a complete physical examination of
mother and child was carried out, and a 1 ml venous
blood sample was collected from the child. All mothers
routinely breast-fed their babies. Physicians and field
assistants remained blinded as to the HIV status of the
subjects until completion of follow-up.

Ethical approval was obtained from The Gambia
Government/MRC Ethics committee for this study
and full details of the design, recruitment of subjects,
laboratory and statistical procedures are provided in
O’Donovan et al. [7].

Results

Mothers

One hundred and forty four HIV-1-infected, 294
HIV-2-infected, 15 dually seropositive women and 565
seronegative women (control group) were enrolled into
the follow-up study. Dually seropositive women and
their babies, none of whom were infected, have been
excluded from the analysis.

Outcome of pregnancy

The outcome of pregnancy was known for 101 (70%)
of HIV-1-infected, 243 (83%) of HIV-2-infected, and
468 (83%) uninfected women (Table 1). The main
reasons for loss of follow-up were incomplete or wrong
addresses or migration to an unknown destination. As
most of the deliveries were at home, we used weights
recorded within 72 hours of delivery as birth weights.
A higher proportion (nine of 83) of babies born to
HIV-1-infected mothers were of low birth weight
(< 2.5 kg) compared with (11 of 199) children born to
HIV-2-infected [odds ratio (OR), 2.1; 95% confidence
interval (CI), 0.83—-5.2] or to control (18 of 396)
mothers (OR, 2.6; 95% CI, 1.1-5.9) (Table 1). The
mean birth weight of the 17 HIV-1-infected and eight
HIV-2-infected children did not differ significantly
from that of uninfected babies (data not shown).

Follow-up and outcome of all children

We followed up 98 children born to HIV-1-infected
mothers, 228 babies born to HIV-2-infected mothers,
and 448 babies born to mothers in the control group.
Table 1 shows that the proportion of babies lost to
follow-up during the study period did not difter
significantly between the study groups. The mortality
rate was significantly higher in children born to HIV-
1-infected mothers compared with those born to HIV-
2-infected (hazard ratio, 2.3; 95% CI, 1.1-4.7;
P =0.02) and uninfected mothers (hazard ratio, 2.6;
95% CI, 1.4-5.0; P=0.003), who had similar mor-
talities.

Figure 1 shows the Kaplan—Meier survival curve of
children according to the maternal HIV status. The
probability of survival at 18 months of age was 83%
(95% CI, 73—89%) for babies born to HIV-1-infected
mothers. This was significantly lower than that of
babies born to HIV-2-infected mothers and HIV-sero-
negative mothers whose probability of survival was
92% (95% CI, 88—-95%) and 94% (95% CI, 91-96%),
respectively. However, after the exclusion of the 17
HIV-1-infected and the eight HIV-2-infected children
(see below) there was no significant difference in the
survival of the uninfected children according to mater-

Table 1. Maternal HIV infection in relation to morbidity and mortality of offspring.

HIV-1 HIV-2 HIV negative
Women studied, n (%) 101 243 468
Women died, n (%) 3(3.0) 2(0.8) 1(0.2)
Children (including twins), n (%) 103 246 473
Stillbirths, n (%) 5(5.0) 18 (7.4) 25(5.3)
Low birth weight (< 2.5 kg)? 9/83 (10.8) 11/199 (5.5) 18/396 (4.5)
Children lost to follow-up, n (%) 20(20.4) 43 (18.9) 111 (24.8)
Children that died 2 15/98 (15.3) 16/228 (7.0)  27/448 (6.0)

Mortality rate (per 100 child years), n (95% Cl) 12.7 (7.7-21.1) 5.4 (3.3-8.8) 4.8 (3.3-6.0)

No. of HIV-infected children that died?

6/17 (35.3) 0/8 (0) -

?Values given are n/total in category (%). Cl, confidence interval.
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Fig. 1. Survival of children according to maternal HIV status.

nal HIV status: nine of 98 (9.2%) for HIV-1-infected
versus 16 of 228 (7.0%) for HIV-2-infected and 27 of
448 (6.0%) for control mothers.

Follow up and outcome of HIV-1- and HIV-2-
infected children

In order to evaluate the role that HIV infection in the
children had on their survival a sub-analysis of the
survival according to HIV status of the children was
carried out. It was restricted to those who survived
beyond 5 months of age (data not shown). Of the 16
children of HIV-infected mothers who died before 5
months of age only one had an HIV test, whereas of
those children surviving to at least 5 months of age,
only 3% were not tested. Among the 16 children that
died before 5 months of age without being tested,
seven of 98 (7.1%) were born to HIV-1-infected
mothers compared with nine of 228 (4.0%) born to
HIV-2-infected mothers (P = 0.26 Fisher exact test);
these were omitted from the analysis.

Six of the 17 (35%) HIV-1l-infected children died
whereas, surprisingly, none of the eight HIV-2-infected
children died during the 18 months of follow-up
(Table 1). The hazard ratio for an HIV-1-infected child
compared with an uninfected child born to HIV-1-
infected mother (given survival to 5 months of age)
was 15 (95% CI, 3—-74; P =0.001). For those children
whose HIV status was known, the mortality rates (per
100 child—years) were 30 (95% CI, 13—-66) for HIV-1-
infected children; 2.1 (95% CI, 0.5-8.6) for uninfected
children born to HIV-1-infected mothers, 0 (95% CI,
0—-23) for HIV-2-infected children, 2.6 (95% CI, 1.2—

5.4) for uninfected children born to HIV-2-infected
mothers and 4.8 (95% CI, 3.3—-7.0) for control chil-
dren.

Survival of HIV-1-infected children in relation to
maternal plasma viral load or child’s proviral

load

Of the six HIV-1-infected children that died and 11
HIV-1-infected children that lived, antenatal maternal
plasma viral load was available from five and nine
mothers, respectively. The geometric mean antenatal
maternal plasma viral load of the babies who died was
60 000 copies/ml (95% CI, 8700—420 000) compared
with 19 000 copies/ml (95% CI, 9600—37 000) for
mothers whose children lived. The hazard ratio for
death for a 10-fold increase in maternal viral load was

2.9 (95% CI, 1.1-7.9; P=0.042).

Six children infected with HIV-1 that died and five
children that did not die tested positive by polymerase
chain reaction at 2 months of age. The geometric mean
proviral load of the six that died was 260 (95% CI,
5.4-12 000) compared with 13 (95% CI, 0.43—-410)
copies per 10° peripheral blood mononuclear cells of
the five survivors. The hazard ratio for death for a 10-
fold increase in proviral load of the babies was 1.85
(95% CI, 1.1-3.1; P=0.021).

Survival of the babies in relation to maternal
death

Six mothers died during the period of study: three
were HIV-1-infected, two were HIV-2-infected and
one was seronegative. Five of six (83%) of their babies
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died in comparison with 53 of 722 (7.3%) babies born
to 712 women who lived (relative risk = 11.4; 95%
Cl, 7.3-17.7, P<0.001). The only surviving child
born to these mothers was born to an HIV-1-infected
mother. None of these babies were HIV infected: thus
death of mother independently and significantly ad-
versely affected the survival of children.

Discussion

This community-based study like another study in
Abidjan [8] showed that children born to HIV-1
seropositive mothers had a higher mortality in the first
18 months of life compared with children born to
either HIV-2-seropositive or mothers in the control
group. Surprisingly, neither mortality of uninfected nor
infected children born to HIV-2-infected mothers
differed significantly from that of controls. The mark-
edly better survival of the HIV-2-infected children is
further evidence that HIV-2 is less pathogenic than
HIV-1 [8-10].

The increased mortality of children born to HIV-1-
seropositive mothers was accounted for mainly by
HIV-1 infection in the child. The majority of deaths in
the HIV-1-infected children were in those with a high
proviral load whose mothers were found to have a high
antenatal RNA plasma viral load. A similar association
between high viral load in pregnant women and
increased risk of rapidly progressive disease and death
in the infected offspring has been demonstrated in New
York City [11]. Our finding is also in agreement with
earlier reports from multicentre studies in America and
Puerto Rico [12,13] in which higher plasma viral load
in the first months of life was associated with rapid
progression of disease and consequently death. How-
ever, our study merits special attention as the only
community-based study of perinatal HIV-1 and HIV-2
infection in Africa that relates maternal and child viral
burden to the survival of the children.

We found high childhood mortality was associated
with maternal death which is to be expected as a close
correlation between child morbidity/mortality and the
quality of parenting has been documented in The
Gambia [14] and in Rwanda and Zaire [15,16]. Thus
another tragic consequence of the global AIDS pan-
demic is the death of infected mothers resulting in
growing numbers of orphans who overwhelm the
caring capacity of the extended family system. Conse-
quently, the WHO targets of a reduction in infant
mortality to 50 or less per 1000 live births by the year
2000 [17] may be difficult to achieve. Therefore
interventions to decrease mother-to-child HIV trans-
mission such as cheap short-term antiretroviral therapy
and educational campaigns to curtail the spread of

sexually transmitted diseases including HIV should be
urgently applied.
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