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ABSTRACT

Background Pregnancy is associated with in-
creased susceptibility to malaria. It is generally agreed
that this increased risk ends with delivery, but the
possible persistence of increased susceptibility dur-
ing the puerperium has not been investigated.

Methods From June 1, 1990, to December 31, 1998,
we monitored exposure to malaria, parasitemia, and
morbidity among the residents of a village in Sene-
gal in which the rate of transmission of malaria was
high. In this population we analyzed 71 pregnancies
in 38 women from the year before conception through
one year after delivery.

Results Among the 38 women, there were 58 ep-
isodes of clinical Plasmodium falciparum malaria dur-
ing 61,081 person-days of observation. The incidence
of malaria was 20.2 episodes per 1000 person-months
during the year preceding conception and 12.0 epi-
sodes per 1000 person-months during the period from
91 to 365 days after delivery. The incidence of epi-
sodes of malaria increased significantly during the
second and third trimesters of pregnancy and reached
a maximum of 75.1 episodes per 1000 person-months
during the first 60 days after delivery. The adjusted
relative risk of an episode of malaria was 4.1 (95 per-
cent confidence interval, 1.8 to 9.5) during the first 60
days post partum, as compared with the year pre-
ceding pregnancy. The duration of fever during the ep-
isodes of malaria was longer and the prevalence and
density of asymptomatic malarial parasitemia were
significantly higher during pregnancy and the early
postpartum period than during the other periods.

Conclusions Among women who live in areas with
high rates of transmission of malaria, the susceptibil-
ity to malaria is highest during the second and third
trimesters of pregnancy and the early postpartum
period. (N Engl J Med 2000;343:598-603.)
©2000, Massachusetts Medical Society.
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ALARIA causes serious complications in
pregnant women,5 especially in those
who have a low level of acquired immu-
nity before pregnancy. In these women,
the rates of maternal mortality, stillbirth, and prema-
ture delivery are high. In areas where malaria is high-
ly endemic, in which protective immunity is acquired
during childhood, these effects of malaria are less
marked. Nonetheless, the frequency and severity of
malaria are greater during pregnancy than before preg-
nancy and among pregnant women than among those
who are not pregnant.35 Although data are virtually
nonexistent, the special features of maternal malaria
are thought to end with delivery, a view that is con-
sistent with the hypothesis that adhesion of parasites
to the placenta is responsible for the increased sus-
ceptibility of pregnant women to malaria.s”’

We analyzed longitudinal data collected before, dur-
ing, and after pregnancy among women living in an
African village in which the whole population was in-
volved in a prospective study of the epidemiology of
malaria and the mechanisms of protective immunity.

METHODS
Participants

The study was carried out from June 1, 1990, to December 31,
1998, in Dielmo, Senegal, a village of approximately 300 inhab-
itants where malaria is endemic. The entire population of this vil-
lage was involved in a prospective study that has been described
in detail elsewhere.58 Briefly, to identity all episodes of illness, a
field research station with a dispensary was built. The detection
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of cases was both active and passive. Each villager who had vol-
unteered for the study was visited daily at home by a physician,
technician, nurse, or medical field worker. In villagers who had
fever, blood was obtained for thick blood films and detailed med-
ical examinations were undertaken. Standardized questionnaires
were completed for each episode of illness; these recorded physi-
cal findings, the studies performed, the treatment given, and the
response to treatment. In addition, blood was obtained from each
villager at base line for hemoglobin electrophoresis (to identify
carriers of hemoglobin S), blood-group determination, and tests
for glucose-6-phosphate dehydrogenase deficiency, and monthly
thereafter for thick blood films for the identification of asympto-
matic malaria infections.

Between June 1, 1990, and January 1, 1998, 81 deliveries oc-
curred among 43 women who were participating in the study.
Seventy-one deliveries occurred among 38 women who had lived
in the village continuously and who were monitored daily either
for a 33-month period starting 12 months before the date of con-
ception and ending 12 months after delivery (in the case of 55
deliveries among 28 women) or during a minimum of 18 months,
including at least the second and third trimesters of pregnancy
and the first 3 months post partum (in the case of 16 deliveries
among 16 women, including 6 of the women in the first group).
Among the latter group there were two women who were already
pregnant at the beginning of the study, eight women who be-
came pregnant soon after arriving in Dielmo, three women who
returned to Dielmo because they were pregnant, one woman who
left the village after the early postpartum period, and two women
who traveled frequently. Ten of the 81 deliveries were excluded
from the analysis: 4 because the four women had been pregnant
for more than three months at the beginning of the study, 4 be-
cause the women did not spend the early postpartum period in
Dielmo, and 2 because the women were frequently absent from
the village during pregnancy and the puerperium.

At delivery, thick blood films were prepared from the mother’s
blood and from umbilical-cord blood. A small piece of placenta
was taken, and a drop of blood from the cut surface was applied
to a slide. We analyzed the variations in the incidence of clinical
malaria and the levels of parasitemia in these women before, dur-
ing, and after pregnancy. A preliminary analysis of data collected
among 31 of these women who gave birth between 1990 and
1994 (48 pregnancies), which excluded the early postpartum pe-
riod, has been reported previously.s

None of the women received antimalarial chemoprophylaxis.
During pregnancy, all episodes of fever associated with a ratio of
asexual malarial parasites (i.e., trophozoites) to leukocytes of at
least 0.5 on the thick blood film were considered to represent
possible attacks of malaria and were treated with antimalarial drugs.
It a woman was not pregnant but had a fever and a ratio of par-
asites to leukocytes of at least 0.5 or if she was pregnant but had
a fever and a ratio of parasites to leukocytes of less than 0.5, an-
other blood sample was obtained for analysis the day after these
findings were noted. Whether or not to administer antimalarial
drug treatment was decided by a physician who was permanently
stationed in the village, who took into account all the clinical, bi-
ologic, and epidemiologic data concerning the woman. All wom-
en with clinical malaria were visited at home three times a day un-
til the fever and other symptoms subsided.

Urine tests were regularly carried out in the villagers to detect
the presence of antimalarial drugs, with the use of the modified
Saker—Solomons test.? Less than 2 percent of the results of 3798
tests carried out during the study period were compatible with
self-treatment, and this proportion was only 0.7 percent among
the study women.

The level of exposure to malaria was monitored throughout the
study.®10 Nighttime collections of mosquitoes that landed on vol-
unteer subjects who lived in Dielmo were carried out weekly or
monthly from April 1990 to December 1998, and for each wom-
an, the levels of exposure before, during, and after pregnancy were
derived from monthly estimates of the rate of entomologic inoc-
ulation among these volunteer subjects.
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The project protocol and the objectives were carefully explained
to the assembled village population, and informed consent was
obtained individually from all subjects. The protocol was approved
by the ethics committee of the Pasteur Institute of Dakar and the
Ministére du Plan et de la Coopération and the Ministére de la
Recherche Scientifique of Senegal. Each year, the project was re-
examined by the Conseil de Perfectionnement de I’Institut Pas-
teur de Dakar and the assembled population of the village; in-
formed consent was individually renewed for all subjects. Before
the project began, all women in Dielmo gave birth at home, none
took antimalarial chemoprophylaxis, and none had prenatal visits.
The ethical justification for not providing chemoprophylaxis dur-
ing the study was based on the semi-immune status of the study
women, the high level of chloroquine resistance in the area, and
the permanent presence of a medical team in the village, with dai-
ly home visits to all study women and their children.

At the beginning of the study, all villagers from Dielmo and
the neighboring hamlet of Santhe-Mouride volunteered for the
project (total population enrolled in June 1990; 255 villagers, in-
cluding 44 female villagers ranging from 15 to 45 years of age).
During the last three months of 1990, 32 villagers from Santhe-
Mouride withdrew from the project (including 5 female subjects
who were 15 to 45 years of age). In subsequent years, 16 addi-
tional villagers from Santhe-Mouride withdrew (including 3 female
subjects who were 15 to 45 years of age). However, the number
of villagers enrolled in the study increased as a result of births and
of people moving into the area. On January 1, 1998, the study
population under medical surveillance (excluding those who had
been absent from the village for more than two months) com-
prised 302 villagers, of whom 51 were female subjects between
15 and 45 years of age.

Definition of Episodes of Clinical Malaria

We evaluated all thick blood films by examining 200 oil-immer-
sion fields on each slide (equivalent to about 0.5 ul of blood).
The ratio of trophozoites to leukocytes was established for each
plasmodium species. We counted as an episode of clinical Plasmo-
diwm falciparum malaria any case of fever (defined as an axillary
temperature of at least 37.5°C) or fever-related symptoms (head-
ache, vomiting, and a subjective sensation of fever) associated with
a ratio of parasites to leukocytes that exceeded an age-dependent
pyrogenic threshold previously identified in these subjects.!112 This
threshold ranged from 1.15 parasites per leukocyte at the age of
16 years to 0.57 parasite per leukocyte at the age of 44 years.!!

Statistical Analysis

We used a generalized-estimating-equation approach for statis-
tical analysis of repeated measures,!3 since this approach can be
used with normal, binomial, and Poisson distributions and is
available in the Spida statistical package (Statistical Computing
Laboratory, Eastwood, New South Wales, Australia). We used an
exchangeable correlation structure in which the correlation be-
tween observations made on the same person at different times
is assumed to be the same. We used the Wald test to compare dif-
ferences between groups, and we calculated 95 percent confi-
dence intervals. We compared transmission rates during the wom-
en’s pregnancies and during control survey periods using a link
function for a Poisson distribution. We analyzed the incidence of
episodes of clinical malaria using a link function for a Poisson dis-
tribution and the number of days in a period as the exposure var-
iable. The prevalence of asymptomatic malaria was measured on
the basis of the findings in the monthly thick blood films and an-
alyzed as a binomial response. To determine the mean parasite
density during asymptomatic episodes, we calculated the geomet-
ric mean number of P. falciparum trophozoites from the ratio of
the parasites to leukocytes determined in the monthly thick blood
films, and we analyzed log-transformed values with a link func-
tion for a normally distributed response.

The eftect of the period of study (the year before pregnancy,
the trimesters of pregnancy, and the four trimesters of the post-
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partum period) was tested as a dummy variable. To test the du-
ration of the effects observed during the first three months post
partum, this period was split in two — from 0 to 60 and from
61 to 90 days after delivery — and the second, third, and fourth
three-month periods after delivery were combined. The effect of
age (<20 years or =20 years) was tested as a binary variable. The
effects of the previous pregnancy, prolonged residence in hypoen-
demic areas (as opposed to the hyperendemic study area), absenc-
es from Dielmo during the three years preceding the observation
period, glucose-6-phosphate dehydrogenase deficiency, the sickle
cell trait, a specific ABO or rhesus blood group, the level of ex-
posure to infected mosquitoes, the use of mosquito netting around
the bed, and placental infection at delivery were also evaluated
and taken into account in multivariate analyses. The variables that
represented the effects of the period of study and the level of ex-
posure to infected mosquitoes were forced into all models. All
other covariates were included in the initial models, but they re-
mained in the final models only if their effects were significant
(P<0.05). All possible interactions between the variables remain-
ing in the models were tested.

RESULTS

During 61,081 person-days of clinical surveillance,
there were 443 episodes of illness: 152 in which fever
was documented, and 291 in which there were other
symptoms. On the basis of the level of parasitemia,
58 of these episodes were attributed to P. falciparum
malaria, during which fever was documented in 50
episodes and fever-related symptoms in 8 episodes.
The incidence of episodes of clinical malaria was high-
est during the first 60 days after delivery (75.1 epi-
sodes per 1000 person-months) (Table 1). The inci-
dence of episodes of malaria was also high between
61 and 90 days after delivery (45.4 episodes per 1000
person-months) and during the second and third tri-
mesters of pregnancy (50.6 and 58.6 episodes per
1000 person-months, respectively).

The values during the second and third trimesters
of pregnancy and during the first 60 days post par-
tum were significantly higher than those during the
year preceding pregnancy and during the later post-
partum period, despite the fact that the cumulative
exposure to the bites of infected anopheline mosqui-
toes was similar during these periods (Table 1). After
adjustment for the level of exposure to infected mos-
quitoes, the effects within study subjects, parity, and
the duration of residence in the village, the relative risk
of an episode of malaria was 4.1 (95 percent confi-
dence interval, 1.8 to 9.5) during the first 60 days af-
ter delivery, as compared with the year preceding preg-
nancy.

To investigate patterns of asymptomatic parasite-
mia before, during, and after pregnancy among these
women, we included in the analysis the results of 1720
monthly thick blood films obtained at least one week
before and two weeks after an episode of illness. Asex-
ual forms of P. falciparum were seen in 712 thick
blood films (41.4 percent). The prevalence and den-
sity of asymptomatic P. falciparum parasitemia were
maximal during the second trimester of pregnancy,
and multivariate analysis indicated that both were
significantly higher from the first trimester of preg-
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nancy through the second month post partum than
during the other periods (Table 2).

We then investigated whether the occurrence of
episodes of malaria during the first trimester of the
postpartum period was related to asymptomatic ma-
ternal infection at delivery, placental infection (the
frequency of placental infection on the basis of par-
asites was 32 percent, and the frequency of placental
infection identified on the basis of parasites or pig-
ment [indicative of recent infection] was 40 percent),
or genetic and epidemiologic factors (ABO or rhesus
blood group, hemoglobin AA vs. AS, presence or ab-
sence of glucose-6-phosphate dehydrogenase deficien-
¢y, and use or nonuse of mosquito netting around the
bed). No relation was found. Older age, a higher
number of previous pregnancies, and longer duration
of residence in Dielmo were associated with a lower
susceptibility to asymptomatic infection and to clin-
ical malaria. There was no significant interaction be-
tween these covariates and the study periods.

All episodes of malaria that occurred during preg-
nancy, the early postpartum period, or the control
period were mild and rapidly cured. The maximal du-
ration of fever documented during the daily visits to
patients was 48 hours. Including the eight patients
with clinical malaria who did not have a document-
ed fever, the average duration of fever was 22 hours
during pregnancy, 21 hours during the first trimes-
ter after delivery, and 11 hours during the year be-
fore pregnancy and the second, third, and fourth tri-
mesters after delivery.

DISCUSSION

Our findings suggest that the pregnancy-associat-
ed increase in susceptibility to malaria persists for 60
days after delivery among women who live in areas
where malaria is highly endemic. On the basis of
findings in a limited number of studies in which par-
asitemia was measured post partum, the rate of par-
asitemia decreases after delivery.+1416 However, many
women take antimalarial drugs after delivery, and drug
use was not investigated in most of these studies. Fur-
thermore, our data suggest that the increased sus-
ceptibility of the mothers to clinical episodes of ma-
laria during the early postpartum period was greater
than their increased susceptibility to parasitemia.

The effect of pregnancy on a woman’s resistance
to disease has been the subject of considerable re-
search and debate.l”2! In the case of infectious dis-
eases, there are logistical and methodologic problems
in determining whether there is an increased risk of
susceptibility to infection during pregnancy, and an
increase in risk has been established only for a limited
number of pathogens. The underlying mechanisms
are unclear and may differ considerably among dis-
eases. The increased susceptibility of pregnant wom-
en to malaria has been thought to be due either to
sequestration of the parasites in the placenta or to
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