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Abstract
As part of a survey of the causes of perinatal
mortality at Mpilo Maternity Hospital, 220
neonatal deaths and the mothers of 221
stillbirths were tested for HIV-1 antibodies.
The HIV positive rate in neonatal deaths was
23-6% (95% confidence interval (CI) 18-0 to
29-2%), significantly higher than 15-4% (95%
CI 10-6 to 20.1%) in stillbirths. Perinatal
deaths from congenital malformations, birth
asphyxia, pregnancy induced hypertension,
placental abruption, and other non-infectious
causes had similar low HIV positive rates
averaging 8-1% (95% CI 3-9 to 12-3%). Deaths
from septicaemia had a significantly greater
rate of 39-3% (95% CI 27-0 to 51-6%) and the
highest rate of 72-2% (95% CI 51 5 to 92-9%)
was found in deaths from congenital infection
other than syphilis, indicating that maternal
HIV infection predisposes to neonatal septicaemia and congenital infection. Unexplained
stillbirths also had a significantly greater rate
of 22-4% (95% CI 10*7 to 34-1%), presumably
because some died from unrecognised infection. The rate in deaths from congenital
syphilis was 17-4% (95% CI 9-6 to 25-2%),
indicating a significant but weak association
between these two sexually transmitted
diseases in Bulawayo. The rate in deaths from
hyaline membrane disease was not significantly
greater at 15-0% (95% CI 6-0 to 24-0%). By
predisposing to infection, maternal HIV infection was estimated to increase the stillbirth
rate by 1-6 times and the neonatal mortality
rate by 2-7 times. It predisposed equally to
early and late onset neonatal septicaemia, but
more to infection from streptococci and
staphylococci than from Gram negative
enterobacteria. HIV positive deaths from
congenital infection had respiratory distress
and usually intrauterine growth retardation,
hepatosplenomegaly, and congenital pneumonia on lung histology.
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In Zimbabwe and other Central African
countries, the epidemic of heterosexually transmitted HIV-1 infection is now a major health
problem. Studies have estimated that between
7% and 39% of HIV positive mothers transmit
the infection to their babies. 1-8 The lowest
transmission rate was found in Europe among
asymptomatic intravenous drug abusers who
rarely breast fed,' whereas the highest rate was
found in two studies in Central Africa among
breast feeding mothers, one sixth of whom had
symptoms of HIV disease.7 8 Most infected
babies become ill in the first year but rarely in
the neonatal period.2 9 1n Europe and America

HIV positive mothers had stillbirth and neonatal
mortality rates of about 10/1000 births, similar
to those in control HIV negative mothers,2 10-12
but had higher infant mortality rates of around
20/1000 births.2 In contrast HIV positive
mothers in Central Africa had stillbirth rates of
about 20/1000 births, similar to those in control
mothers,7 8 13 but had higher neonatal mortality
rates of 60/1000 births, compared with 15/1000
in controls,7 13 and a much higher infant
mortality rate of 150/1000 births, compared
with 25/1000 in controls.7 This indicates that
infected babies die earlier in Africa and suggests
that, in addition to being a major cause of infant
mortality,7 HIV infection may be a significant
cause of neonatal mortality, at least in urban
communities with a high prevalence of infection.
A survey of the causes of perinatal mortality
in Bulawayo, Zimbabwe, found that congenital
syphilis, birth asphyxia, hyaline membrane
disease, neonatal septicaemia, congenital malformations, pregnancy induced hypertension,
and placental abruption together accounted for
80% of the deaths.4 HIV infection predisposes
infants to septicaemia,'5 16 and it was therefore
postulated to be a factor contributing to the
high rate of neonatal septicaemia in Bulawayo.
One study in Africa found that the proportion
of HIV positive mothers that delivered prematurely was greater than in controls,'7 and
another study showed that prematurity was
associated with HIV seropositivity,'7 suggesting
that infection might predispose to hyaline
membrane disease by causing prematurity. In
five studies, three from Africa" 13 18 and two
from Europe" and America,'3 however, no
increase in prematurity compared with controls
was found. It is now established that HIV
infection does not cause congenital malformations,2 4 5 7 18 19 and there is little or
no evidence that it is associated with birth
asphyxia,7 12 pregnancy induced hypertension, 12
or placental abruption. However, being a
sexually transmitted disease, it may be associated
with syphilis.
In order to determine what if any contribution
maternal HIV infection makes to the high
perinatal mortality rate in Bulawayo, the HIV
status of consecutive neonatal deaths and stillbirths was tested and from this the proportion
of deaths from each cause that were HIV
positive was calculated. A high proportion
would suggest that HIV infection contributes to
the cause of death, whereas a low proportion
would indicate no contribution.

Patients and methods
Over a seven month period, as part of a survey
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Results
Over the seven month period, HIV serology
results were obtained in 220 out of a total of 235
(94%) neonatal deaths and in 221 out of a total
of 271 (82%) stillbirths. Forty two of the 50
stillbirths with no results were delivered in the
first and last months of the survey, and in the
intervening five months results were obtained in
96% of stillbirths. Seven of the neonatal deaths
with results were in fact babies who died after
28 days, but were included because they died
before discharge from the neonatal unit. The
proportions of perinatal deaths attributed to
each cause were not significantly different in the
sample with HIV results compared with the
whole group of deaths analysed over the 12
month survey period (p>O 10<0190).'4
Out of the total of 441 perinatal deaths tested,
86 were HIV positive and 355 were HIV
negative, indicating that 19-5% (95% CI 15-8 to
23-2%) of perinatal deaths were HIV positive.
The proportion of neonatal deaths that were
HIV positive was 23-6% (95% CI 18-0 to
Table I The HIV positive rate for each cause of perinatal death
Stillbirths
Neonatal deaths
HIV-

Congenital malformations
Birth asphyxia
Pregnancy induced hypertension
Placental abruption
Other non-infectious causes'
Hyaline membrane disease
Congenital syphilis
Unexplained stillbirths
Neonatal septicaemiat
Congenital infection
Total

HIV+

HIV-

10

2

16

38
21
17
9
0
48
38
6
0

5
2
1
0
0
8
11
4
1

24
0
0
13
51
28
0
31
5

187

34

168

HIV+

p<

0-05
p <

30 F0)

0)

20

0.

0-05

10k

<20

I

I

i

20-24

25-29

30-34

35-39

Age of mother (years)
(n = 81) (n = 147) (n = 79) (n = 65) (n = 41)
Relation between mothers' age and HIV positive rate. Bars
represent 95% CI of the rate. Fourteen mothers over 39years
were tested and three were HIV positive.

Penrnatal deaths

HIV+
rate

HIV-

(%)

HIV+

0
0
1
9
8
0
20
12

26
62
21
17
22
51
76
38
37
5

3
6
2
1
1
9
16
11
24

52

355

86

1
1

~I

29-2%), significantly greater than the proportion
of 15-4% (95% CI 106 to 201%) found in
stillbirths (p<005), suggesting that maternal
HIV infection is more likely to contribute to
neonatal deaths than to stillbirths. The results
from the stillbirths and neonatal deaths were
combined and analysed according to the
mother's age (figure) and the cause of death
(table 1).
As shown in the figure, the proportion of
mothers that were HIV positive was significantly
greater in the 20-24 year group than in either
the 25-29 or the 30-34 year group, suggesting
that women under 25 years are most at risk of
acquiring HIV infection.
The proportions of perinatal deaths that were
HIV positive are shown for each cause of death
in table 1. Deaths from congenital malformations, birth asphyxia, pregnancy induced
hypertension, placental abruption, and other
non-infectious causes excluding hyaline membrane disease all had similar low proportions,
with a combined HIV positive rate of 8 1%
(95% CI 3-9 to 12-3%). This rate was used as a
baseline against which to compare the rates in
deaths from the remaining cauises. The rate in

13

8-1

15-0
17-4
22-4
39-3
72-2

95% CI

X2

p Value

2-34
5-01
7-67
31-14
53-66

>0-1
<0-05

3 9 to 12-3
6-0
9-6
10-7
27-0
51-5

to
to
to
to
to

24-0
25-2
34-1
51-6
92-9

<0-01
<0-001
<0-001

The HIV positive rate for each of the last five causes was compared using X2 tests with the average rate for the first five causes.
Other non-infectious causes of stillbirths were postmaturity (n =4), diabetes (n= 3), placenta praevia (n= 1), and cord knot (n-= 1) and of neonatal deaths were meconium
aspiration syndrome (n=7), birth trauma (n=3), kernicterus (n=2), milk aspiration (n= l), and posthaemorrhagic hydrocephalus (n= l).
tTen fresh stillbirths who died after prolonged rupture of membranes or maternal fever with features of amnionitis were presumed to have had septicaemia and were
therefore included in neonatal septicaemia. In only one was a blood culture obtained and it grew Escherichia coli. Six of the neonatal deaths from septicaemia had
typical features of septicaemia but negative blood cultures. The HIV positive rate in the 46 blood culture positive deaths from septicaemia was 39-1% (95% CI 25-0 to
53 2%), very similar to the rate in the group as a whole.
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of the causes of perinatal mortality at Mpilo
Maternity Hospital in Bulawayo,"4 blood taken
for syphilis serology from all neonatal deaths
and from the mothers of all stillbirths was
anonymously tested for HIV-1 antibodies using
two enzyme immunoassay tests (Abbott Recombinant HIV-1 EIA and either Vironostika antiHTLV-III MicroELISA or Du Pont HIV-1
ELISA). If the two tests gave discrepant results,
both tests were repeated until concordant
results were obtained. As the tests detect IgG
antibodies that cross the placenta, a positive
result in the infant or mother was taken to
indicate maternal HIV infection. The results
were kept confidentially and were not made
available to the mothers or staff of the hospital.
In order to prevent a bias in determing the cause
of death, the results were not matched to the
patients until the end of the survey when the
causes of death had already been established, as
described previously. 14 The results were analysed
by calculating the proportion, with 95% confidence intervals (CI), of deaths from each cause
that were HIV positive. These proportions were
then compared using x2 tests.
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hyaline membrane disease was not significantly
greater at 15-0% (95% CI 6-0 to 24 0%) whereas
the rate in congenital syphilis was significantly
greater but was only 17-4% (95% CI 9-6 to

Table 2 Comparison of HIV positive and HIV negative deaths from septicaemia

Mean (SD) birth weight (g)
Age at death (days):
1-2
3-7
8-28
>28
Streptococcus group:
B
D
A

Staphylococcus aureus
Staphylococcus epidermidis
Klebsiella
Escherichia coli
Coliforms
Proteus
Pseudomonas

Haemophilus
Bacillus
Acinetobacter
No growth

HIV+
(n=42)

HIV(n=57)

p

1634 (774)

1398 (676)

>0 1

22
10
8
2

24
20
11
2

7
4

6
4

1

1

4

4
8
2
0
0
0
1

t

10

5
3
21
5
2
3

>0 1

0

0
6

<0 01
32

This table excludes the nine stillbirths included in table 1 who were presumed
septicaemia but had no blood culture samples obtained.

to

No (No who died)
Mean (SD) birth weight (g)
Age at death (days):
1-2
3-7
8-28
>28
Features:
Small for gestational age
Respiratory distress

Hepatomegaly
Splenomegaly

19

0

1

8

Value

1

1

Table 3 Comparison of HIV positive and HIV negative
infants with congenital infection

have died from

Petechia
Convulsions

Microcephaly
Microphthalmia
Hydrops
Anaemia
Thrombocytopenia
Conjugated hyperbilirubinaemia
Septicaemia
Histology:
Generalised atelectasis
Congenital pneumonia
Meconium aspiration
Hepatitis

HIV+
18 (15)

1779 (759)

HIV8 (3)
2162 (629)

11
2
2
0

1
1
0
1

13/18
15/17
11/18
9/18
5/18
3/17
2/18
1/18
0/18
5/8
5/7
4/7
2/17

6/8
4/8
7/8
8/8
4/8
1/8
3/8
0/8
1/8
3/7
3/6
4/8
1/8

2/9
5/9
1/9
1/9

1/3
1/3
0/3
2/3
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25 2%). Unexplained stillbirths also had a
significantly greater rate of 22-4% (95% CI 10-7
to 34 1%). However, the rate in neonatal
septicaemia was much greater at 39 3% (95% CI
27-0 to 51-6%) and the highest rate of 72-2%
(95% CI 51-5 to 92 9%) was found in deaths
caused by congenital infections other than
syphilis and early onset septicaemia. Details
regarding these 18 deaths have been reported
separately.'4 Of the 13 that were HIV positive,
three died after 28 days from AIDS with failure
to thrive and multiple episodes of septicaemia,
nine died in the first 14 days with features
suggesting congenital infection, and one was a
fresh small for gestational age stillbirth with
hepatosplenomagaly. Of the five who were HIV
negative, one had congenital tuberculosis with
miliary foci of caseous necrosis in the lung and
liver containing acid fast bacilli and few
inflammatory cells, one probably had herpes
simplex infection with a vesicular skin rash,
microabscesses in the lung, and massive hepatic
necrosis, and three had non-specific features of
congenital infection.
After completion of this study all neonatal
deaths from septicaemia and congenital infection were HIV tested and the parents counselled.
Over the next seven months, 47 out of 51
neonatal deaths from septicaemia were tested
and 22 were HIV positive giving a rate of 46-8%
(95% CI 32 5 to 61-1%). These deaths were
combined with those from the previous seven
month study period in order to determine if
there were any differences between HIV positive and HIV negative cases in birth weight, age
at death, or bacteria cultured. As shown in table
2, no significant differences in birth weight or
age at death were found, but there were
significant differences in the bacteria responsible.
The HIV positive rate in deaths from streptococcal and staphylococcal septicaemia was
52-5% (95% CI 37-0 to 68 0%), significantly

higher than the rate of 23-8% (95% CI 10-9 to
36-7%) found in deaths from Gram negative
enterobacteria (p<0-01). In three HIV positive
cases, haemophilus, bacillus, and acinetobacter
species were isolated. In the latter two cases the
same organism was grown in two separate blood
culture samples, and in eight HIV positive cases
with typical features of septicaemia no bacteria
were grown. Nine out of 11 babies who died
from pulmonary or gastrointestinal haemorrhage
caused by septicaemia were HIV positive.
During the seven months after this study all
neonatal deaths with features of congenital
infection were HIV positive. Over the whole 14
month period, all eight surviving infants discharged from the neonatal unit with features of
congenital infection were HIV tested and three
were HIV positive. Table 3 gives a summary of
the clinical, laboratory, and histological features
of all the HIV positive and HIV negative infants
with congenital infection excluding the five
cases of AIDS, congenital tuberculosis, and
probable herpes simplex infection described
above. Most infants in both groups were small
for gestational age with respiratory distress,
hepatosplenomegaly and less commonly
petechiae and if they survived after 48 hours
developed conjugated hyperbilirubinaemia,
anaemia, and thrombocytopenia. There were
five infants with microcephaly and other features
of congenital infection, all of whom survived to
discharge. Two of these were HIV positive and
both had high rubella IgG titres which increased
further on repeat testing. Two of the three HIV
negative cases had rubella IgG titres of 1:64 or
greater but repeat titres were not obtained. Six
surviving infants with microcephaly but no
other features of congenital infection were HIV
tested and all were negative. Rubella IgG titres
obtained in four of them were 1:64 or greater in
all cases and one on repeat testing had an
increased titre. Serological tests for cytomegalovirus, toxoplasmosis, and herpes infections
were incomplete and produced no diagnostically
useful results.
In order to determine how much maternal
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The rate in deaths from hyaline membrane
disease was not significantly increased at 15%,
although perhaps a larger study would show a
significant association if HIV infection predisposes to preterm delivery.7 17
Deaths from septicaemia and congenital
infection occur mainly after birth and HIV
positive mothers were estimated to have a
neonatal mortality rate of 2-7 times greater and
a stillbirth rate 1 6 times greater than HIV
negative mothers. In Kinshasa HIV positive
mothers had more than four times the neonatal
mortality rate but a similar stillbirth rate to HIV
negative controls.7 Most infected infants born to
HIV positive mothers do not become sick until
after the neonatal period,'8 however, and the
major impact of HIV infection is to increase
infant mortality rather than perinatal mortality.
In Kinshasa HIV positive mothers had more
than six times the infant mortality rate of HIV
negative controls.7 Unlike syphilis, HIV infection is far more difficult to control. In Bulawayo,
like other parts of Central Africa,'8 young
women under the age of 25 years are most at
risk and for health education to have any effect
it should be directed at adolescents at school.
Maternal HIV infection could predispose to
neonatal septicaemia by either reducing passively
acquired immunity from the mother without
infecting the baby or reducing the baby's own
immunity by direct infection. It predisposes
equally to early onset septicaemia acquired from
the mother and to late onset hospital acquired
septicaemia, but predisposes more to septicaemia
caused by Gram positive cocci than to septiDiscussion
caemia caused by Gram negative enterobacteria.
This study demonstrates that maternal HIV These observations suggest that a reduction in
infection contributes to perinatal mortality in passively acquired immunity especially to
Zimbabwe by predisposing to neonatal septi- streptococcal and staphylococcal infection is
caemia and congenital infection. There is no important. HIV infection may predispose to
evidence that HIV infection increases the risk of neonatal septicaemia simply by causing preterm
congenital malformations, birth asphyxia, preg- delivery, but this is unlikely to be important
nancy induced hypertension, placental abrup- because the mean birth weight of HIV positive
tion, and other non-infectious causes excluding and HIV negative deaths from septicaemia were
hyaline membrane disease.2 4 5 7 12 18 19 The similar and significantly greater than the mean
HIV positive rate in deaths from these causes birth weight of deaths from hyaline membrane
was 8%, reflecting the prevalence of HIV disease (p<0 001), who had a significantly
infection in mothers without syphilis delivering lower HIV positive rate (p<0 01). In Kinshasa
at Mpilo Maternity Hospital. This rate is similar chorioamnionitis was common in mothers with
to the rates of 6% and 12% found in 1987 in AIDS but was rare in asymptomatic HIV posimothers in Kinshasa, Zaire7 and Lusaka, tive mothers.7
Zambia8 respectively. The HIV positive rate in
Maternal HIV infection could predispose to
deaths from neonatal septicaemia and congenital congenital infection by reducing maternal
infection was significantly greater at 39% and immunity to rubella, cytomegalovirus, toxo72% respectively, indicating that maternal HIV plasmosis, and other pathogens allowing them
infection predisposes to deaths from these to infect the fetus more easily, or the HIV virus
conditions. The rate in unexplained stillbirths could infect the fetus and be responsible on its
was also significantly greater at 22% presumably own for the features of congenital infection.
because some of these stillbirths died from Most of the features found in HIV positive cases
unrecognised infection. The rate in deaths from were similar to those in recognised congenital
congenital syphilis was significantly increased at infections including intrauterine growth re17%, indicating a weak association between tardation, hepatosplenomegaly, conjugated
these two heterosexually transmitted diseases in hyperbilirubinaemia, anaemia, and thromboBulawayo. In Nairobi no association was cytopenia. However respiratory distress was a
found.'9 Unlike HIV infection, untreated early prominent feature and major cause of death
syphilis greatly increases perinatal mortality and with lung histology in five out of nine cases
is the leading cause of perinatal death in showing congenital pneumonia with intralveolar
Bulawayo, but could be effectively controlled haemorrhage. In this context it is interesting to
by screening all mothers at about 20 weeks and note than nine out of the 11 babies who died
treating those with positive syphilis serology.'4 from pulmonary or gastrointestinal haemorrhage
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HIV infection increases perinatal mortality, the
prevalence of HIV infection in mothers delivering at Mpilo Maternity Hospital was first
estimated. In mothers without syphilis this rate
should be similar to the 8 1% found in perinatal
deaths not associated with HIV infection, that
is congenital malformations, birth asphyxia,
pregnancy induced hypertension, placental
abruption, and other non-infectious causes
excluding hyaline membrane disease, which
may be associated with HIV infection. In
mothers with syphilis this rate should be similar
to the 17-4% found in perinatal deaths from
congenital syphilis. During the survey 11 -0% of
mothers attending antenatal clinics in Bulawayo
had positive syphilis serology and using this
figure the prevalence of HIV infection among
mothers delivering at Mpilo Maternity Hospital
was estimated to be 9-1%. This rate should be
less than the rate in mothers resident in
Bulawayo because some of the deliveries at the
hospital are referred from rural areas with a
lower prevalence of HIV infection. Using this
estimate and the HIV positive rates for each
cause of death given in table 1, the number of
HIV positive and negative deliveries, stillbirths,
and neonatal deaths were calculated over the
whole 12 month survey period.'4 From these
figures, HIV positive mothers were found to
have a perinatal mortality rate 2 -1 times greater,
a stillbirth rate 1-6 times greater, and a neonatal
mortality rate 2-7 times greater than HIV
negative mothers.
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caused by neonatal septicaema were HIV positive. Microcephaly was an unusual feature seen
in only two surviving HIV positive cases both of
whom were probably infected with rubella.
In order to determine how maternal HIV
infection predisposes to septicaemia and congenital infection more sophisticated investigations are needed but are not at present
available in Zimbabwe. The polymerase chain
reaction could be used to determine what
proportion of the deaths are actually infected
with the HIV virus,20 viral culture being more
difficult and antigen tests being negative at
birth even in infected babies.2' Total IgM
measurements soon after birth could help
establish the diagnosis of congenital infection
and tests for rubella or cytomegalovirus specific
IgM could be used to confirm infection by these
viruses.

599

