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I. EXECUTIVE SUMMARY AND KEY FINDINGS

Plasmodium falciparum infection in pregnant women leads to placental infection and low birth
weight (LBW: <2500 grams) of the infant, particularly in the arcas of high malaria transinission
found in sub-Saharan Africa. Low birth weight is widely known to be an important risk factor
for carly infant mortality. To reduce the risk that maternal malaria infection poses to child
survival, many antenatal clinic programs provide and recommend antimalarial chemoprophylaxis,
often with chloroquine (CQ). as a reccommended clement for prenatal care. Prior to the 1980s,
despite widespread advocacy for this intervention, little was known about the cffect of this inter-
vention strategy.

During the 1980s, CQ resistance spread rapidly across the African continent, and malaria con-
trol programs were increasingly faced with the concern that chemoprophylaxis with CQ was
becoming less effective. In addition, other concerns regarding prenatal malaria prevention pro-
gram cffectiveness loomed. Could the malaria intervention be targeted to “high-risk™ pregnan-
cies on the basis of parity, scason, or other criteria, and could such targeting allow for
improved coverage? How much LBW and which types of LBW (due to prematurity or intrauter-
in¢ growth retardation [IUGR]) were attributable to malaria and could be prevenced. and what
impact would this have on mortadity reduction in infancy? What alternative regimens or drugs
could be used to enhance the efficacy and cffectiveness of malaria conrrol programs? What were
the best strategics to address other infectious discases such as syphilis and human immuno-
deficieney virus—tvpe | (HIVY in pregnant women and the interaction of the discases with cacha
other? Health planners recognized the importance of defining how malkiria control in pregnancy
could best be linked with other services in a rational and affordable program.

Under the United States Agency for International Development (ALD.) Africa Child Survival Ini-
tiative - Combatting Childt.ood Communicable Discases (ACSI-CCCD) Project, the Malaria Branch
and the International Health Program Office of the Centers for Discase Control and Preven-

tion collaborated with the Malawi Ministry of Health to address these regionally important issucs.

Four major questions werc addressed by the Mangochi Malaria Rescarch Project (MMRP) investi-
gation of malaria trcatment and prevention in pregnant women:
1) How much LBW and infant mortality could be reversed by a highly cfficacious interven-
tion in pregnancy against Plasmodium falciparum infection?
2) Could target groups for intervention be defined by identifving characteristics of pregnan-
cies at highest risk of P. falciparum infection and LBW?
3) What are the characteristics of an efficacious drug regimen in terms of timing of deliv-
cry and impact on parasitemia and placental malaria infection?
4) What are the optimai methods to implement an cfficacious intervention program?
The MMRP was developed as a longitudinal project to examine the first three questions with
the expectation that the answers to the questions, coupled with project experience and work
by other investigators, would help answer the fourth gacestion.

Several issues were critical to the establishment of the MMRP. ‘The site of the study, Mangochi
District, with its four antenatal clinics and delivery units, provided a setting of high P, falciparum
transmission with some scasonal variation; the arca was rural with a local economy based on
family farming and some fishing. Thus, the setting was representative of many parts of rural sub-
Saharan Africa. The sample size of the study needed to be large enough to examine 1) malaria
infection in the mother and her infunt and 2) birth weight as the outcome of interest among
women on different regimens of antimalarial treatment and chemoprophylaxis. The study
nceded to be conducted long enough to follow infants through their first year of life to deter-
minc the cffect of birth weight on infant survival. A sufficient sample size was established —
4220 pregnant women and their children; the study lasted nearly 3 years, from September 1987
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through June 1990, The study site chosen had to be one where high rates of follow-up of both
pregntne women and their infants could be achieved. and local information suggested that migri-
ton in and out of Mangochi District was limited. Finally. a spirit of collaboration had 1o exist
to ensure the high degree of community and national involvement desired. The Ministry of
Health and the Malawian collaborators had previously developed excellent relations with focal
health staft including traditional birth attendants in the district.

Principal Findings

Gravidity-specific risk for malaria infection in pregnancy: Pregnancy number was an important
determinant of malariac infection in the woman, her placenta, and the umbilical cord blood of
the newborn. At corotlment, 1 £.5% of all women were parasitemic; 67% of primigravidas were
parasitemic. At delivery, placental malaria was identificd in 19.9% of all women and in 29.9%,
of primigravidas.

Gravidity-specific and seasonally associated effects of P. falciparam on birth weight: 1he mean
birth weight of the babies horn to women enrolled in the study wias 2903 grams; 160.6% had
LBW. Birth order was an importnt predictor of LBW firstborns were 3. 1-fold ( 28% ) more
kely to be born with LBW than infants of subscquent birth order (11,19 ), respectively,
P10 ) The incidence of LBW in cach parity groap was higher for habies born to women
with plicental nidariac infection tham for those without placental malaria. The association
between placental malaria infection and EBW in firstborns was observed particularly among
women whose third trimester of pregnancy was exposed to high malaria transmission during
the rainy and carly postriiny scason.

Congenital malaria infection: Umbilical cord blood malaria infection was identified in = 1% of
newborns ana wis highly correlated with the density of placental malaria infection. Umbilical
cord blood mataria wis associated with LBW. and particularly with preterm-1LBW'.

Antributable risk of malaria infection and low birth weight: The study demaonstrates that umbili-
cal cord blood nuaria is associated with preterm-LBW and that placental malaria infection is
associtted with TUGR-LBW and possibly preterm-LBW in firstborns. Overall, malaria in preg-
naney miy account toras much as 127 of LBW babies born to women in this arca of high
nutlaria transinission.

Comparison of the effect of CQ and mefloguine (MQ) on placental infection and on birth weight:
Mctloguine was much more likely than CQ to clear placental infection. Of the primigravidas
on CQ. 0% had placental malaria infection compared with 9% of the primigravidas on MQ,
Metloguine was more effective wmong multigravidas as well: 15% on CQ and 3% on MQ had
placental malaria infection. In cach parity group, the incidence of LBW was lower for women
who had no placental malaria, regardless of the drug uscd to keep the placenta parasite-free.
Women in this study were folowed for an average of just over 3 months. Clearsnee of placen
tal infection in the fast trimester of pregnancy appearcd adequate for the effect of improved
hirth weight among protected women.,

Birth weight as a determinant of neonatal and infant survival: The neonatal mortality rate in the
study was 487 per 1000 live births, Compared with babics of normal birth weight, babies
born in the lower weight groups of 2000-2199 grams, 1500- 1999 grams. and below 1500
grams were 20 FES and 2700 times more likely to dic in the neonatal period. Mortality in
the postnconatal period was also associed with birth weight. Compareed with infants of
normal birth weight who survived the neonatal period, infints of LBW who survived the neo-
natal period had w1 -told higher visk of dving in the postneonital period.
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Emerging impact of HIV on P. falcipacum infection, birth weight, and sarvival: Compared with
HIV- I=scronegative (HIV = ) women, HIV-T=scropositive (HIV + )y women were more likely to have
a higher prevalence and density of maliria parasitemia at enrollment, at follow-up on €CQ chemo-
prophyvlaxis, iwnd at delivery. Increased rates and density of placental parasitemin were observed
in HIV = mothers compared with HIV= mothers, The difference was graatest in Luer parities;
one explanation s that FHV adversely atfeets the madaria-immune sesponse that is established
following nularia infection in the carly pregonancies. HIV infection of the mother wis also asso-
ciated with a 2.5-fold increased visk of LBWL. HIV was associated with high mortality among
women during the study and may have contributed 1o the deaths of 7 of the 12 women who
dicd after the postpartum interval.

The effect of other infectious agents in pregnant women and their newborns: Syphilis during
pregmmey had a signiticant effect on ietal, nconatal, and postneonatal mortality. Women with
active sypiclis were more likely to have astiltborn infant or to deliver a baby with LBW. Babics
born to women with active syphilis were more likely to die in the neonatal and postnconatal
periods, An estinnted 9% of neonatal deaths were caused by tetinus, using the case detinition
of the World Health Organization (WHO). This relatively small but preventable traction may re-
flect the limitations of the impact of the antenatal tetanus immunization progriam.

The delivery of antimalarial interventions within the antenatal care systenm in Malawi: Nlmost all
pregnant women in Malawi attend antenatal clinic at least onee, and 857 attend two or

more times during the pregnancey. Local beliefs that lead women to avoid bitter substancees
such as CQ during pregnaney and the ditticulty of remembering to ke weekly prophylaxis at
home led to low Tevels of overall compliance with weekly CQ prophylaxis. The prevailing
practice at the time of the study of providing health education and a -week supply of €Q pro-
phyvlaxis was linked o an overall compliance rate of approximately 35% ol attending women
taking regular chemoprophylaxis.

Conclusions

This study determined that use of an cfficacious antinmalarial drug will reduce malaria infection
in the pregnant woman, her placenta, and the umbilicud cord blood, and that this will lead 1o
improved birth weight in the population. These data from the MMRP clearly establish that in-
terventions are required and should be promoted to reduce the effect of P falciparum intection
in pregnaney on LBW and its attendant risk for nconatal and infant mortality,

The antimalarial drug must essentially climinate placental parasitemia and be administered
presumptively. Although clearance of malaria infection throughout pregnancy is ideal, it appears
that administration of antimalarials only during the third trimester will still have a beneticial
cffect on reducing the incidence of LBW.

The intervention can and should be targeted to “high-risk pregnancies”™ on the basis of gravidity
and scason, In settings of high endemicity and perennial transmission, women in their first and
second pregnancices should reccive the intervention, particularly women whose second half of
pregnancy occurs during the high transmission scason.

Control of parasite density may have an important effect on other health conditions (ce.g.,
ancmii), which may also plice @ womian or her infant at risk of illness or death,

The increasing incidence and prevalence of HIV infection may increase the impact of P falci-
parnm in pregnancy. Beyvond HIV'S potentiation of P. fulciparum infection in pregoancy, P, falciparum
in combination with HIV may markedly increase the risk of infant mortality. Although these
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interactions require further exploration, they have implications for expanding the range of
“high-risk pregnancies™ requiring malaria prevention to include women with HIV infection.

An antimalarial intervention strategy for “high-risk pregnancics™ should be incorporated in a
malaria control program or antenatal care program.

Several drugs are available that share the characteristics demonstrated by MQ in this study.
The ideal is a safe drug that provides complete clearance of parasites from the placental
blood and has pharmacokinetic properties that allow intermittent treatment or chemo-
prophylaxis. In areas where the drug is known to be highly cfficacious in clearing malaria
parasites, CQ (in scttings like Haiti ), sulfa-pyrimethamine combinations (c.g.. sulfadoxine-
pyrimethamine, sultalene-pyrimethamine ) in sub-Saharan Africa, and MQ all have these
properties. Recent studies conducted at the Mangochi study site have demonstrated that a
regimen of sulfadoxine-pyrimethamine given as a treatment dose at the first antenatal clinic
visit and again at the beginning of the third trimester was highly eftective in reducing
malaria infection in mothers and their placentas. This identification of an citective, afford-
able, and deliverable intervention has been pivotal in offering health workers a practical tool
for the prevention of malaria and LBV in African scaings. Major challenges to increased
program cffectiveness include the requirements for complete coverage of the “high-risk
pregnancies™ and full acceptance and compliance among these women. In some setrings
(c.g.. rural Kenya), the primigravidas at highest risk of the effects of P, Jalciparun infection
are the least likely to attend antenatal clinics for preventive seevices. Thus, strategics to
increase access for these women must be a high priority in the progriam,

Finally, in our cfforts to improve child survival in sub-Saharan Africa, we must take a broad
perspective. The mother’s health both during pregnancy and postpartum may determine as
much or more than 30% of the risk for child mortality in sub-Saharan Africa. Although treat-
ment and prevention of P falciparum infection in pregnancy was the focus of the MMRP, the
studies have identified a series of interrelated nutritional, infectious, sociocconomic, and cduca-
tional factors that must be addressed. Antenatal care programs must pay special atteniion to
women in their first pregnancies and, particularly, yvoung women in their first pregnancies. The
recognition and management of HIV and syphilis infection must be strengthened. Although some-
times based outside antenatal care programs, tetanus prevention cfforts must continue to be pro-
grammed using vaccine and clean delivery methods as prevention. Improving micronutrient defi-
cieney (e.g.. iron and folate), improving general nutrition, and reducing caloric expenditure in
pregnant women who often work in the fields must remain a priority. Finally, access to antena-
tal care and to detivery attended by trained health care workers will be a eritical feature of
identifying and managing high-risk pregnancics. These factors must be addressed as a package
of services and not in a fragmented fashion if antenatal clinic services are to be cffective in pro-
moting maternal health care and improved newborn, infant, and child survival,
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Il. THE PROBLEM OF MALARIA AND MALARIA CONTROL IN
PREGNANCY

A. THE EPIDEMIOLOGY OF MALARIA IN PREGNANCY

The clinical effects of malaria on a community are determined by the degree of the residents’
exposure to malaria and the age-specific levels of immunity. Compared with nonpregnant
women, pregnant women are at increased risk of malaria infection and its discase consequences
in scttings of both low and high transmission of malaria (1-4). However, the actual manifesta-
tions of malaria may differ between settings with low and high transmission and conscquent low
and high levels of antimalarial immunity.

In settings with low levels of malaria transmission, where women of reproductive age have
relatively low levels of acquired immunity, all pregnant women are compatrably susceptible to
malaria. Reports of adverse outcomes of pregnancey associated with P. felciparum infection have
included an increase in maternal illness (3-0) (e.g., fever or severe malaria with central ner-
vous system co.aplications), fetal toss (3-5,7.8) (abortions [gestational age <28 weeks| or still-
birth {gestational age 7228 weeks]), and congenital infection possibly Ieading to symptomatic
milaria in carly infancy (8,10).

In much of sub-Saharan Africa, where stable transmission of P. falciparum malaria is the rule,
women of child-bearing age have acquired a relatively high degeee of immunity to the pari-
site through repeated exposure. During pregnancy, through mechanisms that are not fully
understood. women demonstritte an increased susceptibility to P. falciparum and experience a
higher frequency and density of parasitemia (9,11,12), particularly in the first “malariz-exposed”
pregnancy (13). In subsequent pregnancies, multigravidas generally do not have a higher risk of
malaria, as measured by prevalence or density of parasitemia, than do nonpregnant women of
similar age in the same scetting (1,2,9). Despite the acquired immunity in these women, the
utero-placental vascular space apparently provides a protected site for parasite sequestration
and development (11,1-4). It is this parasite replication in the placenta, the potential loc:* effects
on altered nutrient transport across the placenta, and the passage of parasitized red blood cells
to the fetus which, although causing no symptoms m the mother, may seriously compromise
fetal growth and the survival of the newborn infant.

The following discussion addresses the effects of malaria on pregnunt women, their fetuses,
newbaorns, and infants in a setting of high malaria transmission. The setting chosen for this
study, rural Malawi, is a high transmission area and is representative of large areas of sub-
Saharan Africa, where P. falciparum infects pregnant women.



http:disea.se

_ SECTION II:
MALARIA AND PREGNANCY

°
PP -~

Complications of malaria in pregnancy: maternal effects

Maternal malaria infection: Numcerous studies have shown that the frequencey and density of
malaria infectior in pregnant women is higher than in nonpregnant women in the same setting
(2.9). Early investigations concluded that @l pregnant women are more susceptible to malaria
infection, and recent information has shown that this susceptibility is most striking in women
in their first pregnancies, and to a lesser degree in second pregnancies. In later pregnancics,
the prevalence and density of malaria infection is not notably increased (15). Assuming that preg-
nant women have experienced the same refative level of exposure to malaria over their life-
times, this finding of different risk by pregnancy number suggests that exposure to malaria dur-
ing one pregmancy miy confer some protection in a subsequent pregnancy, and after several
pregnancics have been exposed to nalaria, pregnancy-specific immunity is well established.

The mechanism of increased susceptibility during pregnancy has not been clucidated. Hormonal
changes during pregnancy may aftect immunologic response (16). However, this explanation
docs not account for the differences observed in suceessive pregnancics as cach pregnancy
should experience the same type of hormonal changes. Thus, diminished immune responsive-
ness due to pregnancy will not tully explain the gravidity-specitic differences in susceptibility
to malaria.

Maternal illness: Few investigators have reported on clinical malaria in pregnant women in
highly endemic malarious arcas, probably because, despite increased rates of parasitemia and
higher parasite density, pregnant women do not exhibit marked clinical signs of malaria (¢.g.,
high fever, chilis) with high frequencey. These women may experience clinical malaria: however,
it is not a prominent feature of the infection.,

Maternal anemia: Pregnant women are more likely than nonpregnant wwomen to be anemic for
avaricty of reasons. The dilutional cffect of increased plasni volume is well known and leads
to a normal decrease in hemoglobin and hematocrit, approximately 109 o 15% below the nor-
ntl values for a nonpregnant woman (17} In women with poor iron stores, the increased
demands of the fetus may lead o relative deficiencies of iron, which will lead to anemia,
Similarly, the increased need for folic acid in pregnancy requires that dictary sources be
increased or supplements given to prevent folate-deliciency-associated anemia ( 18), In the con-
text of sub-Saharan Africa. hemoglobinopathies (e.g., sickle-cell trait), marginal nutrition with
protein-cnergy expenditure greater than intake, and infections with malaria, hookworm, and
other viral, bacterial. or parasitic pathogens may also contribute to anemia in pregnant women
(19). Finally, acute bleeding episodes duc to complications of pregnancy (e.g., placenta previa,
abruptio placenta) may lead to acute, severe anemia with serious consequences to the mother
and fetus.

Given these multiple causes of aneniia in pregnancy, the contribution of malaria to maternal ance-
mia has been difficult to ascertain. Studics in hospital settings have led the investigators to be
alarmed at the severity of the problem of malaria-associated anemia in pregnancy (20.21),
However, other studies have demonstrated relatively minor changes in mean hemoglobin ley-
cls due to malaria infection (19,22 the effect has been greatest in women of lower gravidity —
the women who are more susceptible to malaria infection and higher density parasitemia.

In mualarious arcas, the effect of maternal anemia on the outcome of pregnancy is also not fully
understood. Certainly, the acute bleeding episodes described above have dire consequences
for the survival of both the mother and fetus, However, most studies of the effect of mild-to-
moderate pregnancy-associated anemia have been conducted in nonmalarious arcas. The effects
on the outcome of the pregnancey and the survival of the tetus may be difficult to interpret in
Africa. where more than 0% of the population of pregnant women would be considered ane-
mic by World Health Organization (WHO) standards (hemoglobin - 110 g dL).
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Maternal mortality: In general, severe malaria illness has not been shown to be increased dur-
ing pregnancy in settings of high malaria transmission, and maternal mortality due 1o malaria

is uncommon. Few studics in sub-Saharan Africa have examined cither the direct effect of malaria
on matermal mortality or the sccondary effect of makariassociated anemia on maternal mortality,
chicfly because, despite relatively high levels of maternal mortality, matariirelued mortality dur-
ing pregnancy in arcas with stable transmission appears infrequent, often oceurs outside the
health care setting, and is associated with odher causes including hemorrhage and sepsis.

Complications of malaria in pregnancy for the fetus and newborn

Low birth weight: Low birth weight (LBW) represents the greatest single risk factor for nconatal
and carly intant mortality (23). Thus, the birth-weight distribution in a population will have a
graat ettect on carly infant mortadity in thae population. Figure 1 shows the mean birth weights
by birth order (pregnaney number) of two US. populations (black and white) and tour Africian
populations. The greatest ditterence in mean birth weights of African infants and black infants
born in the United States is found in first- and sccond-born children. The explanation for the
observed differences in birth-weight distributions in the populations is multifactorial; however,
the marked discrepaney in tiest and sccond births nay be partially related to P falciparm
infection, which has its greatest cffect on these pregnancices.

Figure . Mean birth weight of different populations in the United States and in sub-Saharan
African countrics,
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The biologic mechanism by which placental malaria infection leads to LBW is not fully estab-
lished. The presence of the parasite in the placenta causes thickening of the basement mem-
brane of the placental trophoblist cells (cells at the utero-fetal interface ) with the potential con-
sequence of reduced nutrient transter to the fetus ( 1-1,.2:1). The placental infection is also fre-
quently accompanicd by a monocytic and macrophage infiltrate (1-,24); however, mechanisms
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by which the infiltrates might alter nutrient transport or stimulite premature delivery have not
been deseribed.

Although changes such as microinfarcts could occur, these changes have not been reported.
Finally, passage of parasite-infected red blood ccells from uterus to fetus does oceur. This fetal
infection may have conscequences for nutrient use in the tetus, or the infection may stimulate
arly delivery — again, no mechanisms to explain this have been described.

Several investigations have demonstrated an association between placental infection and LBW of
the infant, particularly in firstborns (2.9). 'The Largest investigation of this problem occurred in
The Gambia, where the effect of placental malaria on LBW was greatest and significant only in
firstborn babics (11). Although pregnant women in settings of high malaria transmission gener-
ally remain asymptomatic despite their pacasitemia and placentab nularia infection, their new-
borns are at risk of LBW and its attendant link to carly mortality.

Birth-weight-specific mortality rates are not unitorm and depend directly on the cause of the
LBW — cither prematurity (delivery at less than 37 weeks gestation ) or intrauterine growth
retardation (IUGR [LBW for gestational age[) (25). Few data have been available from sub-
Saharan Africa on birth-weight-specitic and prematurity- or 1UGR-specitic mortality rates; data
from developed countries suggest that carly infant mortality rates associated with prenuturity
arc much higher than mortadity rates in IUGR infants (25).

Prematurity: Literature citations prior to 1976 stated that malaria in pregnancy caused pre-
maturity. and no distinction was made between types of EBW — prematurity or IUGR (26-30),
However, more recent studies have not been able to demonstrate an effect of placental malaria
on preterm delivery. Studies in ‘The Gambia found some evidenee to suggest that malaria in preg-
nancy was associated with prenutarity (differences in fetal-placental weight ratios) (11) but
could not demonstrate this definitively because of imprecise gestational age determination due
to difficultics in obtaining a history of the list menstrual period or recognition of the first fetal
movement,

FUGR: Recent studies (2,11,31,32) have suggested that malaria leads to IUGR and not pre-
maturity. However, the distinction between IUGR and prematurity may have been ditficult for
the same reason as in the study in The Gambia, One explanation of the mechanism of plicen-
tal infection leading to LBW presumes an altered maternal-fetal nutrient transport induced by
the parasite. This explanation supports malaria infection’s link to IUGR rather than to pre-
naturity,

Based on limited supporting data, the consensus is that placental infection with P, falciparum leads
to IUGR. but whether placental malaria infection contributes to premturity in arcas of high
malaria transmission is unclear.,

Congenital infection: The incidence of congenital malaria infection (malaria infection in carly
infancy duc to passage of parasites from mother to fetus) in highly-cndemic malarious arcas has
been thought to be low. Numerous studies, some of which have been sumnarized by Kortmann
(92), demonstrated that among women with demonstrated placental malaria infection, approxi-
mately 12% of their babies had umbilical cord blood parasitemia and fewer than 1% of new-
borns had peripheral parasitemia. Because of these findings and because of the paucity of
neonates with clinical malaria in African pediatric wards, congenital malaria was assumed to be
of little clinical importance in arcas of high malaria endemicity.
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The biologic explanation for this observed lack of congenital malaria has been that mothers pass
high levels of antimalarial antibodies to their infants and that this passively acquired protection
keeps the infant parasite-free (33-35).

The effect of malaria in pregnancy on fetal and infant survival

Abortions: There are limited data about the effect of malaria on fetal survival in highly endemic
arcas (1,2.13,32.36). While this lack may reflect limitations on the part of the health infra-
structure to report fetal loss in association with malaria in pregnancy, in populations with rela-
tively high levels of immunity to malaria, malaria is not belicved to be an important contribu-
tor to fetal loss (1.9). However, there is not full agreement on this issuc (2).

Perinatal deaths: The perinatal period overlapping birth (from > 28 weeks gestation to 7 days
after birth) is often examined as a unit because the causes of morbidity and mortality for still-
births and carly nconatal deaths are frequently the same or closely related. Inaddition, the
identification of a stillbirth versus a live birth who dies soon after delivery is frequently cultur-
ally defined, and standard detinitions are often difficult to apply. The ctfect of malaria on peri-
natal death in highly ‘endemic arcas has been examined in several studics, and no clear contri-
bution has been observed. However, few studics have examined simultancously additional
factors that contribute to perinatal mortality such as syphilis or human immunodeficiency
virus—type 1 (HIV) infection. Consequently, because malaria is not thought to contribute greatly
to stillhirth. malaria’s contribution to perinatal death may be only in the carly neonatal period
through LBW-associated mortality.

Neonatal and infant deaths: Although the contribution of malaria to neonatal and postneonatal
death is thought to be fargely due to malaria’s contribution to LBW', the cffect of malaria-
associated LBW on infant death has not been quantified. Because of the important effect of LBW
on infant mortality, once would expect that the effect of malaria in pregnancy on infant mortal-
ity would be mediated through its effect on LBW and would be substantial.

Other conditionx contributing to fetal or early infant mortality: Scveral infectious discases (¢,
HIV, syphilis) that are relatively common in Africa south of the Sahara may contributce to peri-
natal mortality. Thus, in examining the role of malaria and its contribution to perinatal mortal-
ity in the African context, the contribution of other discases must be examined at the same
time; few studies have examined different infectious discases simultancously.

The cffect of malaria in pregnancy on malaria protection in infancy

Numecrous reports suggest that mothers pass to their newborns acertain degree of protection
that may be related to the amount of acquired immunity the mother has gained with repeated
exposure to makaria (33,37-40). The degree of protection and the length of protection from
malariz infection and illness have been less clear (33.40) and may vary with the transmission sct-
ting (-10). In general, infants in arcas with stable and intense transmission appear to have a -
to 3-month interval, which roughly correlates with the half-life of maternally derived immuno-
globulin G levels, before they experience their first malaria parasitemia. Increasing parasitemia
levels and parasitemia associated with clinical symptoms develop, in general, after -+ to 6 months,
when maternally derived immunoglobulin G is nearly absent. Information does not exist to
describe which of these conditions is operating and whether placental malaria has an effect on
the protection agiinst malaria in the newborn,
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Transplacental passage of parasite antigen and its priming of the fetal immune response have
been suggested but not fully explained (1), Malaria infection during pregnancy may simply ade
to the mother’s exposure and stimulation of antimalarial antibodics. The intection may confer
additional protection to the newborn. Alternatively, maternal infection nuy constitute an anti-
gen toad that engages existing antibodics and potentially lowers the total amount of antibody
available for passive transter to the newborn. A third possibility is that in cases where the
mother has experienced hundreds o thousands of malariz infcctions during her lifetime, the
stimulus in antibody production has litde effect on the amount of transplacental antibody
passage because of the relatively few infections the mother experiences during pregnancy.

B. MALARIA CONTROL IN PREGNANCY

Antimalarial drugs for uxe in pregnancy: A timited number of alternative drugs for use by preg-
nant women are both safe and cffective. For symptomatic malaria (notably uncommon in arcas
with high levels of exposure and acquired immunity), treatment is extremely important. and con-
cerns about toxicity of the drug are outweighed by the potential danger that malaria causes to
the mother and teics. Consequently, in the setting of acute illness, quinine, mefloquine (MQ),
sulfadoxine-pyrimethamine (or other sulfa-pyrimethamine [SP] combinations ), amodiquine, o
other medications could be used, despite their potential adverse ceffects (12.43),

For nmalaria prophylaxis in pregnancey, chloroquine (CQ) has been the nitinstay in sub-Saharan
Africi. Alternatives to CQ are available for prophylaxis, but the risk-benefit evaluation is dif-
ferent. The risk of malaria infection leading to LBW. which in turn confers an increased risk of
carly mfant moctality, is of obvious concern. However, in the absence of diagnosed infection,
the risk of malaria is only a potential risk. Theretore, the benetit obtained by a prophvlaxis regi-
men must greatly exceed any risk that might be conferred by taking the drug, Alternatives to
CQ that have been used or considered as prophylaxis in pregnant women include MQ. sP
combinations, and the biguanides (proguanil or chlorproguanil ). Quinine. while effective and
apparently safe. must be given as multiple daily doses, and can cause the uncomfortable side
cltects of dizziness and cinchonism. Because safer and more effective drugs arce available,
amodiaquine is contraindicated for prophylaxis because of bone marrow and liver toxicity, and
tetracyeline is contraindicated in pregnancy beciause of its adverse effects on the fetus devel-
oping teeth and bones and on the mother's liver, Artemisinin compounds have short half-lives
(like quinine). and data on use in pregnant women are limited. Current experience is too lim-
ited with other antimalarial drugs to evaluate their safety and cfficacy.

In addition to being safe and effective, medications for prophylaxis must be acceptable to preg-
nant women. The required frequencey of dosing may affect both the cfficacy and acceptability
of drugs for prevention in pregnancy. CQ has been given as wecekly regimen. After four w cekly
doses, blood levels remain effective for at least = o 10 davs for CQ-sensitive parasites: the
woman must be able to remember and choose to take the drug cach week. For drugs that must
be given daily, such as proguanil or chlorproguanil, the woman becomes suscentible as carly

as the day after missing one dose: theretore, she must be able to take the medics ttion daily with-
out missing a single dose. Consequently. the choice of a daily or weekly prophylaxis regimen
depends on the ditficulty of remembering a daily or weekly dose and the risk of immediate sus-
ceptibility after forgetting the dose, Considerition must also be given to other factors affect-
ing compliance: local beliets regarding the use of medication, the frequency of side eflects, taste,
or likelihood of saving the medication for other uses (e.g.. to treat family member).



http:potli.il
http:llo)I;Li.Sd

SECTION II:

MALARIA AND PREGNANCY

In summary, the choice of an alternative antimalarial drug inarcis of CQ-resistant parisites is
determined by the efficacy and safety of the drug. The dosing regimen required and the compli-
ance obtainable with that regimen must be considered. Although complianec is important, an
cftective and safe drug is critical. While poor compliance will reduce effectiveness ot the regi-
men. good complianee cannot improve the benefit o an incftective regimen

Other protection measures: 1o addition to the use of antimalacial drugs, additional mcasures to
preveni the adverse cifects of malariv in pregnant women may includce personal protection with
insccticide-impregnated bed nets or vector control in the community, Mthough the effect of
reduced trinsmission through vector control on mabiria morbidity in pregnancy has been exam-
ined in one study (1 1) no studies to date have examined the role ofinscecticide-impregnated bed
nets in nutlaria preyvention in pregnancy.

The status of malaria control in pregnancy in 1987

Recommendations for malaria prevention in pregnancy: Because of concerns related to malaria
in pregnant women, W HO had recommended that pregnant women with demonstrable malaria
infections receive prompt treatment with an cffective and sale antimalarial deag and was advis-
ing that women presenting to the antenatal care system reccive an initial treatiment dose tol-
lowed by regular prophylinis with an eftective and safe antimatarial drag ¢ 45) Chloroquine was
being used most widelv in Africaas the chemoprophy axis agent of choice, Results from one
investigation ¢ 10) and from extensive generad expericnce showing no observed adverse cfects
on the woman or newborn attributable to the drug provided the evidence that €O was sate in
pregnancy. Chioroquine had demonserated cfficacy in sub-Sabacian Afric untl the Late 1970s,
However, with the spread ol CQ-resistant parasites across Easte Centrall and West Africa. there
wis incraasing concern that prophviactic doses of COQ (5 myg base kg week or 300 mig base week)
were not completely etfective in preventing . faleiparem infection.

Programs for malaria contro! in preguancy: Despite the biologic ritiontle for focusing on
nularia control efforts during pregoancy, by the mid- to Tate-T980s, few African countries had
implemented programs that had achieved wide coverage of the population of pregnant swomen.
A large. wellsupported  community health project in western Kenva emiphasizing viltage health
worker delivery of chemoprophylaxis to pregnant women was able to deliver weekly €Q che-
moprophvlaxis to only 29% of primigravidas (47 In Madawi, where ahigh proportion of preg-
nant women attend antenatal clinies, cultural barriers (local taboos against ingesting bitter
substances, such as CQ. during pregnancy ) limited pregnant wonien's acceeptance of the anti-
nilarial chemoprophvlaxis progeam ( 48). Within the Africa Child Surevival Initiative - Combat-
ting Childhood Communicable Discases (ACSECCCD )Y Project. surveys in seven regions in four
countries demonstrated that although 31% to 68% of women reported using antimalarial medica-
tion during their pregnancies, only 1% -18% reported using an antimalarial drag on a weekly
hasis at a dosage near the WHO recommendation (CTable ).

"I historicid perspective of TY8™ is used because that was the time of onset ot the Manpochi Malaria Rescarch Project study
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Table 1. Community-bascd surveys of malaria control programs in 7 regions of - countries
participating in the CCCD Project, 198:4- 1987,

PRENATAL,‘: 'ANTIMALARIAL * TOOK ANY TOOK WEEKLY "

'NUMBER OF CﬂINIC_ViSlf:AAbvi%IV-E:N ANTIMALARIAL ANTIMALARIAL

COUNTRY ™=  WOMEN N %) N (%) N (G N (%)
LIBERIA 1785 876 (49) 590 (67) 134 (15) —
ToGo 2998 796 182) 2217 (74 2035 (68) 507 (17)
CAR-BANGUI —_ — — 75 (55 24 (18
CAR-BAMBARI — — — — t34) — (9}
ZAIRE 1791 1576 (88) — 609 (34 —
ZAIRE 4172 3546 (85) —_ 1192 (43 130 (5)
ZAIRE 5685 4775 (84) — 908 (36) 18 (1)

*Percentage ol women attending prematat clinie
Al
! Percentage of all women,

Thus, despite widespread acceptance of malaria as a problem in pregnancey, the administrative
requirements of developing an affordable program with wide coverage and aceeptance by preg.
nant women presented i public health challenge of substantial magnitude. This programmatic
challenge, coupled with a Lack of information demonstrating that the proposcd intervention
(antimaluarial chemoprophylaxis ) would substantially alter the effect of malaria in pregnancy, led
to the current study.,

C. KEY OUTSTANDING ISSUES

Major doubts existed that CQ was “working™ as chemoprophylaxis in pregnant women. Few
alternative drugs had been identified as alternatives to CQ, and the clficacy of antimalarial che-
moprophylaxis in pregnant women had never been demonstrated, cither with CQ or any other
drug.

The low coverage of pregnant women by healtheare programs was discouraging, and the women
most at risk (primigravidas ) often had the least aceess to prophylaxis.

HIV infection and discase were emerging in populations of women of reproductive age, and
adverse cffects on women and infants through vertical transmission were becoming increas-
ingly important in an ¢nvironment with limited resources for most public health programs.

Consequently, for public health investment in malaria prevention programs for pregnant women
to be justified, the at-risk population of pregnant women needed to be further dctined, treat-
ment options needed to be explored, and the cfficacy of the treatment or chemoprophylaxis
interventions needed to be demonstrated.
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11l. THE MANGOCHI MALARIA RESEARCH PROJECT (MMRP)
INVESTIGATION AND STUDY OBJECTIVES

Despite the recognized association between malariit infection in pregoant women and adverse
birth outcomes, no prior study had demonstrated the effectiveness of an antimalarial program
in reducing both placental infection and the frequency of LBW.

The role of malaria treatment and prevention with antimatarial drugs in pregnancey uceded to
be defined in a sctting with the following characteristics: 1) malaria was endemic, 2) resistance
to CQ wus present, 3) LBW was a4 common cevent and thought to be an iliportant contributor
to infant mortality, -4+) pregnant women werce accessible and were likely to participate in a study,
S)local practices were not likely to intecfere with the scientitic aspects of the study (ce.g., anti-
malarial drugs were available and under the control of the health system), 0) local health offi-
cials and clinic staft were interested in the problem and in coltaboration, and ™) the results of
the study were likely to be examined in the context of mational policy on malaria prevention
in pregnancy. On the basis of these criteria and extensive discussions with otficials from the
Malawi Ministry of Health (MO, the United States Agency for International Development
(ALD), and the ACSI-CCCD Project, the rural district of Mangochi in Makawi was chosen as
study site.

In Malawi in 1987, the national malaria control policy recommended weckly CQ prophvlaxis for
pregnant women attending antenatad clinics; high levels of P falciparam gesistance to CQ were
known to exist (49 ) and sensitivity to MQ was documented (see below ) In this setting, we

examined the cfficacy of CQ and MQ treatment and prevention in pregnant women.

We conducted a longitudinal investigation of pregnant women who were enrolled at their first
antenatal clinic visit and followed them through pregnancy, at delivery, and for the first year
postpartum. The study examined the effect of malaria (peripheral parasitemia and placental
infection) on fetal survival, gestational age, birth weight, and nconatal and infant survival. The
cffect of CQ and MQ on clearing or preventing peripheral and placental malaria infection was
examined, and by extension, the cffects of these drugs on LBW and infant survival.

Because of the importinee of other maternad characteristics potentially affecting birth outcomes
and infant survival, we also examined additional characteristics and outcomes: HIV infection,
syphilis infection, neonatal tetanus infection, multiple pregnancy, and maternal mortality,

A. PRELIMINARY STUDIES

Prior to the start of the study, a series of preliminary investigations was conducted in Mangochi
District to examine important factors related to antimalarial deug efficacy and women's charac-
teristics and practices that might affect the study design and outcomes. Preliminary findings
included the following:

Chloroguine efficacy: In 1987, therapeutic doses of 25 mg/kg CQ in divided doses failed to clear
peripheral parasitemia within 7 dayvs in 27% of 33 pregnant women, with poorest clearance
rates observed in primigravidas.

Mefloguine and sulfadoxine-pyrimethamine efficacy: Mctloquine given in a single dose of 750 mg
was highly ctfective in clearing peripheral parasitemia in pregnant women ( >93%, clearance
within 7 davs). This suggested that the cfficacy of MQ would be substantially better than that
of CQ in this population and that MQ could be used as a highly cffective agent to clear periph-
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cral and placental malarir infection in the studv, Sulfadoxine-pyrimethamine (3 tablets, single
dose )y was also highly eftective in clearing peripheral parasitemia in pregnant women (- -95%, clear-

ance within 7 davs )

Compliance ax a deterniinant of program effectiveness: Complinnee with CQ prophvlaxis, as deter

mincd by urine and blood CQ lTevels at tollow-up antenatal clinic CANC) visits was Low: approx-
imately 33% of women had measarable €CQ in their blood or urine. A model of progritm eftec-

tiveness showed that poor complitnee with COQ owas 0 nmagjor determinant of poor program

cffectiveness.

Kunowledge, attitides, and practices: Approsimately Q0% of dl pregnant women in Makawi attend
antental clintes (ANCS ) at least once during their pregnaney, and 857 of these women attend
at least twice: on average, swomen attend ANCs four to five times during their pregnancey. This
finding suggested that the popubation of pregnant swomen had access to antenatal care, od
because most women attended clinie, the stady could be considered representative of the pop-

ulation of pregiant women in this arca ol Maliowi,

B. STupY OBJECTIVES

The objectives of the Mingochi Madaria Rescarch Project investigation were to determine the
clficacy of COQ or MO antimalarial chemoprophylaxis in an arca of CQ-resistant 2. falcipariom on

the following outcones:

¢ trequency of placental malaria infection
¢ Dbirth waeight

¢ costational cge

¢ frequency of maternal illness

The investigation was not designed o evaluate the role of antimalarial chemoprophylixis and
treatment on mortdity redection, but becanse children born to study women were scheduted
to be tollowed tor up o 2 vears of lifes the study allowed tor an examination of mortality and
morbidiy in this populaion Although the investigators recognized that the sample size was
insutiicicnt to provide detailed analvsis of mortadity and morbidity . these outcomes could be anmi-

Ivzed ina deseriptive Lashion:

¢ fcewl perinatal, neonatd, postneonatal. infant, and sccond-vewr mortality
¢ infunt acquisition of makaria infection and malaria immunin

In addition to the outcome measures listed above, the study design allowed tor the evaluation
of two additional aspects of matermal and infant health:

¢ other determinants of the abovelisted ontcomes in addition o malaria prevention (e.g,,
maternal characteristics)

¢ cause-speditic mortdity in the above mentioned tetal and childhood periods

Finlly, because of the information gathered. the study evaluated the ceffects of other condi-

tions on nuternal and child healdh:

¢
¢
¢
¢
¢

maternal HIV infection
nutertal syphilis intection
nconatal tetanus

multiple pregnancy
nuaternal mortality
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IV. MMRP STuDY METHODS

A. COUNTRY BACKGROUND

The study was conducted in Malawi benwveen September 1987 and June 1990 in the Mangochi
District, located at the southern end of Lake Makisw i The study arca encompassed the town

of Mangochi ¢ population approxinniachy TO.000) and approximately 155 rural villages with an esti-
miated otal population of 120000 simalbscate agricalture Coaize as the staple crop) and tish-

ing are the prinmary sources of food and income tor most residents The aeais approxintely

130180 meters above sed Tevel and s an oy crage annoal temperature of 2

57 C(nnging from
anaverdge i june and July of 197 C oo 270 Coan Novamber yand anaverage annual raintall
of 821 s L0y cae averaee) Phere are three distmat seasons the rainy season (lanuary April ),
postrainy scason (O Vay NagesOrand dey scason eseptemiber December) These seasons determine
the Tevels of madarn tansnnsstons whnch peahs March Moy drops rapidhv i Nugostoand stins

at low Teveds unul the next rainy seasons The scasons hlesse dictate the agrncaltaral activities
ol Lind preparaton cOctober and November), planting ( Decembaer s cultivating ( Januarey-April )
and hurvest vy and Juney N omen including pregnant women: are genecaliy responsible for
cire of the houschold i addition. thes labor in the tickds throughout the vear's agricaltural

scasons, which comeide with the Ingh madaria transmisston scason

Makarian trinsnussion (pronarthy 2 falciparane | -9070 | and some PPomalariae 1071 oceurs year
round but with seasornd variation: village and outpatient clinic surveys of chnldren tess than 5
vairs of age show purasite prevalence i excess of 75% in March-Jurce, with prevadence drop-
ping to 30% 107 in December, the Laie deyv scason. The prevadence of CQeresistant P20 falciparim
in voung children has been monitored inarban and cural scttings in Maliwi since 1981 and
had progressed from 500 o approsinnitely 807 [evels of combined RERIL and RHT (W HO-
defined tevels of resistince to antinnbarials ) by 1990,

Figure 2. Map of Malawi.
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B. ENROLLMENT METHODS

Women were enrolled at four antenatal clinics that are located in the central portion of Mangochi
District and serve approximatety 120 villages. Consecutive attendees at their first antenatal clinic
visit were enrolled at three sites (two mission clinics with attached delivery units [ Mpondas Clinic
and Koche Clinic| and one small mission hospital with an antenatad and delivery unit [St. Mar-
tins Hospital-Malindi}). At the fourth site, the government district hospital in the town of
Mangochi. consccutive first attendees in their first or second pregmancices were enrolied; women
with two or morce previous pregnancics were not enrolled because of the Large numbers of
patients attending the clinic cach day and the limited study team staff. A this site, primigravi-
duas and sccundigravidas were chosen because previous reports suggested that these women
were at higher risk for maleria and madaria-associated complications than multigravidas,

Using a standard procedure for informed consent approved by the MOH in Malawi and by the
Centers for Discase Control (now the Centers tor Discase Control and Prevention), a study team
member expliined the study objectives and procedures to potential enroltces. At enrollment, a
questionnaire was administered by a study team member, who obtained information on age,
village of residence, previous obstetrical history, illness and treatment during the current
pregnancy. knowledge of malaria and malaria prevention, education, and sociocconomic status
(determined by type of house construction and level of education as coded indicators ). Women
were weighed on astandard adult scale, and their height was measured in centimeters; capillary
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blood was drawn for thick blood smears for malaria parasites, hematocrit, and serum. Urine
was collected and examined for protein, glucose, and +-aminoquinolines (CQ being the only
locally available --aminoguinoline). Women underwent the usual chinic registration and exami-
mation. Wonmen reccived iron and folate therapy and a tctanus toxoid immunization from the
clinic and were treated as necessary for any medical conditions not associated with malaci

C. TREATMENT AND CHEMOPROPHYLAXIS GROUPS

During this first visit, women returned to the study team after their antenatal exam and were

systematically assigned to reccive one of four regimens of antimalarial treatment and/or

chemoprophylaxis:

Regimen A, CQ treatment dose of 25 mg of base kg given as a divided dose over 2 days, fol-
lowed by 300 mg wecekly

Regimen B, CQ treatment dose of 25 myg of base kg given as a divided dose over 2 days and
repeated every o weeks

Regimen C. CQ 300 mg base weekly (Malawi national policy)

Regimen D, MQ treaonent dose of 750 mig as a single dose followed by 250 mg wecekly

Regimen A represented the WHO recommendation for CQ. Regimen B was chosen to examine
a monthly treatment dose of CQ, where the first dose could be administered at cach monthly
clinic visit and thus climinate wecekly doses at home, a regimen previously identifted as a hin-
drance to compliance. Regimen Cwas the Malawi national policy at the start of the study. Reg-
imen D represented an optinmal treatment and prophvliactic dose of the most cftective available
drug (MQ). with a dosing schedule based on previous pharmacokinetic studies in pregnant
women in Thailand (NJ White, personal communication, 1987),

The assignment of regimens was based on the day of enrollment. All women making their

first antenatal clinic visit on a given day were assigned to the same regimen: the following day,
corolled women were assigned a ditferent regimen. Women at cach of the four clinic sites had
the opportunity to be assigned to cither a CQ or an MQ treatment group. Enrollment contin-
ucd the longest at the government hospital, where only women in their first or sccond pregnan-
cies were enrolled (see above). Because women in their first two pregnancics were thought to
be at highest risk, an cffort was made to alternate between assignment to MQ or CQ so that an
adequate proportion of all primigravidas or sccundigravidas in the study reccived MQ. During
the 27 months of enrollment, the systematic, alternating enrollment was not expected to intro-
duce any sclection bias into the study. The characteristics of women in cach group were exim-
incd to confirm that no significant ditferences existed among women on cach of the regimens.
Where differences in characteristics occurred among the groups, results were adiusted by strati-
ficd or multivariate analysis techniguces.

D. FOLLOW-UP EVALUATION

Lach dose of medication was given under observation by a study team member cither at the
clinic or at home, At that time. the woman was questioned to determine a history of fever, use
of other medications, and side cftects attributed to the medication in the interval since the pre-
vious dose. At --week intervals after earollment, capillary blood was collected for a thick blood
smear to detect malaria parasites and for o serum sample. A urine specimen was collected at
the first -i-week visit and tested for levels of “-aminoquinolines to verify the ingestion and absorp-
tion of CQ.
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E. DELIVERY CARE

Approximately 10 of the women in this population deliver in a delivery unit, and the remain-
der deliver at home with other women (sometimes trained teaditional birth atendants ) assist-
ing in delivery, For the purposes of optinial assessment of study ouwtcomes, women in the study
were encouraged to dediver their baby at the delivery anit. At that time, they reccived the usual
clinical care from the attending nurse midwite or physicias. A member of the study team ad-
ministered 4 questionnaire and obtined additional information regarding the current pregnancey.
Capiflary blood was again collected tor a thick blood smcar and for i serum sample. Follow-
ing delivery of the baby and placenta blood was collected from the maternal side of the phe
centiand the placental umbilical cord tor a thick blood smcar. The placenta wis placed in o
metal disheand a serum sample was collected from the retroplacentat blood that driined from
the placent Mer the attending nuise midwite determined APGAR scores at band S minutes,
the newborn was given a standardized modificd Dubowitz exaiinaution tor gestatiomal age and
wis checked tor any physical abnornadities The baby's Tengeh and head circumterence were
measured. The haby was weighed onoa Metder? (Rite-\ cighte Inc. Dubuth, Georgia [US]) digi-

tal scale accurate to the nearest gram

As separate aspect of the study . all women not enrolled in the study who delivered in the same
delivery units as women in the study were examined in the same Gishion at the time of delivery.
This examination included a questionnaire., capilbary blood samples.and newborn phyvsical ¢xami-
nation including birdy sweight and gestational age The group of women and infants not partici-

pating i the study were not followed after discharge from the detivery unit.

F. POSTPARTUM FOLLOW-UP

Mothers and infants were tollowed postpartum: ¢fforts were made o see the mother and infint
cvery 2 months. At that time. mothers were questioned about febrile iliness. other illness, and
medication use by both mother and infant since their last visit. The mother was weighed and
the intant was weighed and mcasured: both hd capillary blood collected for a dhick Blood smcar
and hematoerit. Postpartum: tollow-up continued for at feast 12 months for all detiveries, and
for up to 36 months for deliveries that occurred carly in the study. 1 cither the mother or baby
dicd. family members were quericd to ascertain svmptoms associated with the fatal illness (see
scction V),

Use of trade names s tor sdentitication only and does not constitute endorsement by the Public Health Service or the 1S, Depart-
ment ol Tealth and Hunean Services
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Figurc 4. MMRP cnrollment and follow-up — timing of activitics.
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G. LABORATORY STUDIES

Malarvia parasitemia: Peripheral capillary blood, placental blood, and umbilicat cord blood were
obtained and applicd to glass slides. These thick blood smears were stained with Giemsit and
examined for parasites. Parasites and leukocytes were counted in the same fickds until 300 leuko-
Cvies or SO0 parisites were counted: parasite densitics were estimated using an assumed leuko-
cvie count of 6000 leukocytes per mm s of blood. The limits of detection were - 10 parasites mm'®
of blood. Scoring of infection rates for plicental intection is described below,

Urine testing: Urine was tested tor protein and glucose using a dipstick method and for
A-aminoquinolines using the Saker-solomons method (50).

Hematology: Tubes containing heparinized capiliary blood were centrifuged at 10,000 cps for 3
minutes to determine packed cell volume (hematocerit). Capillary blood collected for serum speci-
mens was separited on the same day and frozen. During infant follow-up visits, capillary blood
samples were collected for hemoglobin determination (HemoCue, Mission Vicjo, California [US])
in the ficld and recorded to the nearest 0.1 grdl

Serum: Under approved modifications of the protocol, serum specimens were fater tested for

cvidence of antimalarial antibodics and other infectious agents:
1) Seriwere tested for reactivity of antibodies to PHSSRESA epitopes using the Faicon Assay
Sereening Test-Enzyme Linked Immunosorbent Assay (FAST-ELISA) with three synibetic pep-
tides (EENVY),, (EENVEHDA) . and (DDEHVEEPTVA), reproducing repeated B cell epitopes,
and the peptide (PNAN)s reproducing the repeated epitope of the circumsporozoite pro-
tein (S51).
2) Antibodics to HIV were detected by enzyme immunoassay (EIA) (Organon Technika), and
positives were contirmed by Western Blot (Organon Technika) using standard procedures.,
3) Sera that had been coliccted during the antenatal period and stored frozen were tested
in 19911992 for syphilis, using Venereal Discase Rescarch Laboratory (VDRL) or Rapid Plas-
ma Reagin (RPR) tests and microhemagglutination assay for antibodics to Treponema
pallicdum (MHA-TP ). All VDRIZRPR reactive serologies were diluted to an endpoint titer.
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H. PROTOCOL REVIEW AND INFORMED CONSENT

The study protocol was developed in a collaborative fashion by investigators at the CDC and the
Ministry of Health in Malawi. The protocol was also reviewed by staft at the USATD Malawi Mis-
sion and in USAID-Washington offices. The protocol wis also reviewed and approved by the
Institutional Review Board at CDC and by the Health Rescarch Committee and National Rescarch
Council in Malawi,

Pregnant women mecting cligibility criteria for the study were considered for enrollment. The
usual procedure for informed consent in Malawi was used: the Malawi MOH usces informed verbal
consent for all investigations invoiving human subjects. Potential enrollees were read a state-
ment that described the purpose of the study and the study procedures (use of antimalarial drugs
and required visits, Liboratory investigations and needed blood drawing, examination at
delivery, and postdelivery follow-up). Women were then asked if they understood the study and
were encouraged to ask questions. They were informed that their decision to participate or not
participate in the study would not affect their health care in any way and that they were free
to withdrasw at any time during the study. After questions were answered to their satisfaction,
they were asked if they agreed 1o participate in the study. If they gave their verbal consent, they
were enrolled.

Except for the provision of antimalarial treatment or chemoprophylaxis, the usual antenatal
clinic procedures were tfollowed for all study subjects. Women received a standard history and
examination, tetanus immunization appropriate intervals, and iron and folic acid in tablet form
to be taken at home. Women with a history of u stillbirth or abortion were tested for syphilis
(VDRL) and treated with penicillin it positive. Sereening of all women for syphilis was not avail-
able locally. During a review of the project in 1988, MOH officials requested that serum col-
lected during the study be tested for syphilis as syphilis may be an important contributor to
fetal and infant survival, The testing was performed at CDC's Sexually Transmitted Discases
Laboratory with Malaw ian laboratory technicians participating in the testing. Results were pro-
vided so that the women with positive serologic results could be located and treated.

During the study, two moditications in the protocol occurred, both of which were approved by
the CDC and Malawi MOH rescarch eeview committees. The first revision added at cach of the
four clinic sites a comparison group who reccived a tecatment and chemoprophylaxis regimen
Of MQ at 750 mg single dose treatment at first antenatal clinic visit followed by 250 mg weekly,
The second revision arose as a result of 4 WHO-Global Programme on AIDS—funded portion of
the study that required blind testing for HIV on serum collected at the time of delivery. The
protocol for HIV testing was also reviewed and approved by WHO. [deatifiers from dita bases
and serum specimens were removed, but linked records allowing an examination of characteris-
tics of mothers and infants and their serologic status were retained. Malawian laboratory tech-
nicians participated in the testing in Malawi and in the AIDS luboratory at CDC,




SECTION V:

- ANALYSIS

V. MMRP STUDY ANALYSIS

A. DEFINITIONS

Malaria infection: A woman or baby was considered to have a malaria infection if any asexual
blood stage parasites were seen on a thick smear of capillary blood or umbilical cord blood for
newborns. Comparisons of depsity of parasitemia among different groups were done using geo-
metric means of parasite density (GMPD). To examine the effect of antimalarial regimens on
parasite clearance and the new development of parasitemia while a woman was taking an anti-
malarial regimen, study team members took blood smears at monthly follow-ups after enroll-
ment and initial treatment or chemoprophylaxis, and any parasitemia found was categorized as
“resistant”™ or “breakthrough.™* If o womin was parasitemic at enrollment and remained
parasitemic while receiving her treatment andzor chemoprophvlaxis, she was considered to have
a resistant infection; if a woman was initially aparasitemic or became aparasitemic after an ini-
tial treatment and -+ weeks of chemoprophylaxis but then developed parasitemia, she was consid-
cred to have a breakthrough infection.

Placental infection: Placental and umbilical cord blood smears were stained and examined in
the same way as peripheral blood smears, with the microscopist unaware of the enroliee’s study
group stiitus. Parasite aensity and presence or absence of malarial pigment were recorded.
Blood smcars were coded aparasitemic or parasitemic and densities calculated in the same way
as for peripheral smears. The presence or absence of late stage parasites (late trophozoites

and schizonts) was recorded ona -4+ scale that reflected the percentage of late stage para-
sitesandusedquartiles:( + = < 25% 0 + 4 = 20%-50%; + + + = 51%-73%and + + + + = T6%-
100% ). Madaria pigment may be formed in the placental macrophages following the killing of
parasites in placental blood; this finding of malarial pigment in placental macrophages indicates
prior infection ' with parasites. Pigment was also scored on a 1.0+ scale that reflected the pro-

portion of nircrophages with pigment ( + = = 10%; + + = 10%-25%; + + + = 26%-50%; and
+ + + 4+ = =50% ). Women were categorized as infected (code 3, -1 or ), not infected (code 1),
or unknown (code 2) using the following codes for placental infection status:

I = negative placental smear

2 = no plweental smear available, negative peripheral smear

3 = no placental smear available, positive peripheral smear

1

natlarial pigment in placental macrophages, no asexual parasites
= ascexual parasites in the placenta

1
|

Length of enrollment in the study: For the purposes of amalysis of malaria prevention and infant
outcome (LBW and survival), we analvzed the group of women on a CQ regimen or the MQ
regimen only if they were enrolled in the study for 6 or more weeks (=42 days) prior to deliv-
cry and had received the appropriate amount of medication during their participation. This
group was subscquently compared with women who were enrolled but participated in the study
for less than 6 weeks prior to delivery and to the group of comparison women who delivered
in the same facilities but were not enrolled in the study.

“The investigators established these categories for deseriprive pumposes of this study anly: they recognize that these categorics are
not stundard procedure for evaluating anlaria parasite resistanee to drugs

"The duration of prior infection cannot be determined by the presence of placental malaria pigment; however, study resulis suggest
that pigment may peesist for s much as 3 months gtier dearance of parisites by oan ettectise antimalarial drog (data not presented)
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Low birth weight: Low birth weight was defined as less than 23500 grams. Birth-weight data were
not used it weight was recorded more than 24 hours after delivery, Birth-weight distribution,
mean hirth weights, and proportion of LBW infants were exantined tor differences between
populations ol pregnant women. ’

Gestational age: In this population, gestational age was ditficult to determine v history of last
menstrual period because many women did not remember or report that event. Consequently,
gostational age was determined by moditication of the Dubowitz examimuion of the new-
born for ncurologic and physical signs (52-55) and expressed as iscore and s wechs gostation,
A newhorn was considered prenuiture it its Dubowitz score was = 31 (a4 Dubowits score of
30-32is consistentwith e gesttional age of 30 weeks ) Since i baby s generidh considered pre-
mature it born betore the completion of 37 wechs of gestition, @ conserative estiniie of pre-
matnrity wis used. Newhorns were then categorized as premature (37 wechs gostation and

2300 grams ) HEGR ¢ - 37 weeks gesttion and - 2300 grams). and normal birth weight ¢ 52500
grims L Although premature babies could also have TUGR. in this aathosisg infints who were both
prenuiure and grow th-retarded were mcluded in the premature category beaause their
expected risk ol mortality was helieved o be similir to that for preniture infants.,

Fetal and perinatal death: The following standacd intervals of tetal and newhorn life were used
for evaluation of survival in the perinatal period. Abortion: death of etus betore 28 weeks
gostition. Few women were enrolled in their first trimester, and as a conscequence recorded
abortions represent second trimester abortions, Stillbirth: death of o fetus 28 weeks gostation,
IFinformation was available, stillbirths were further classitied into frevi (no signs of decomposi-
tion at the time of delivery ), or macerated (decomposition had begun before delivery ), Generably,
fresh stilibirths are associted with a cause of death retated to abor and deliy erveoand a macer-
ated stillbirth is associared with a cuse of death that occurred before Eabor began. Fetal death:
death of v tetus atany tme betore birth — nuy refer to an abortion or o stillbieth, Live birth:
an infant that is recognized as exhibiting signs o lite e birth. Neonaral death: death of 2 tive-
born infant within the first 27 davs of life, Jhe neonatal period is divided into carly (up 1o day
Trand Jare (day T o day 27 Perinatad deaths include stifibicths and carly neonatal deaths ( Figure
S).

Figure S, Intervals of tetl and newborn life,

D Early neonatal period - from birth to day 7
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SurvivallCause of death: Survival or death in mothers and infants was determined by question-
ing at cach follow-up home visit. For infants reported to lave died sinee their fast visit, i stin-
dard questionnaire was administered to the mother or tamily member byastudy team member.
Efforts were nude o determine date of death and events teading 1o the death. When exact
dites were not awvitilable, the study team member made the best estinte according to the inter-
view with the mother or tamily member Causes of death were determined by several methods.
The mother's reported cause of death wis recorded and coded inastandard fashion: the inter-
vicwer also recorded his her assessment ol canse of death an the basis ot information gained
during the interview: and answers to o series of standuaid questions regirding type and durition
of symptoms were recorded and analy zed by ostudy phvsician. For the few children who were
seenat health Gcilities betore death, clinic records were reviewed, Finallvoa group of three
phyvsicians reviewed the mformation on cach child’s death aid made s tina doerenmuiiion of
prinuey cause of death using general Gregorios (g respiriorn death, diarrheal death). Deaths
for which no cuse could be determined using these methods were recorded as unknown,
Deaths in the carhy neonatal pertod were particularly ditficult to categorize and were more fre-
quenthy recorded as due o an unknown cause: Evafuanon of deaths in the nconatl period are

turther deseribed i section VITEE,

JHV: W omen whose sera tested positive tor HIV antibodies on hoth ELISA and Western Blot were
considered HIV seropositive (HHY =0 Wonmen whose serit was negative on ELISA testing were

considered HIV seronegaine (HHY - Women with positive FLISA results and negative Western
Blot results or iadequare quantities of sera tor tull testing with W estern Blot were not included

in the wmldvais,

Syphilis: Detinitions of syphilis used in this stady were based on expected serologic results for
the various stiges of syphilis (30). Women with a VDRERPR titer - 1S and reactive MHEATP
were considered to he syphilisactive with arecently acquired infection. Women with both non-
reactive VDRE RPR and MITEATP tests were considered to be syphilis-negative. Women with
reactive VDRE RPR and nonreactive MEASTE were considered to be syphitis-false positive
Calthough this group might also nclude some very carly cases of syphilis). Women with a reac-
tive MEA-TP and @ nonreactive VDRE RPR were considered to he syphilis-resolved (old cases,
treated or untreated )W omen with o VORE RPR titer tess than 18 and reactive MHASTP had

4 mivture of old treated or untrcated infections and newly aequired (less than 0 weeks)
infections, and were considered o be svphilis-old new. Because the interpretation of o few spedi-
mens with inconsistent serologic results was ditticult ceither VDRE RPR or MEEA-TP was
discordant ), w - compared women with serologic results consistent with active syphilis (VDRIL
RPR reactive with titer - B8 and reactive MUATP Y with women with no evidence of syphilis
(nonreactive VDR RPR and Miia-TP) o identity and quantily risk factors for active syphilis and
to estimate the contribution of svphilis to poor pregnancy outcomes, To avoid potential con-
founding between HIV infection and twins on the effect of syphilis, we included in the analysis
onhy women who tested HIV- by ELISA within 2 months of delivery and delivered singleton
hirths.
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B. STUDY VARIABLES

Characteristics of women in the study: The study examined the following characteristics: preg-
nancy number (gravidity ) scason of enrollment and delivery (rainy, postrainy, and dry scason );
treatment regimen; length of participation in the study: maternal ages education level: sociocco-
nomic status: maternal height and weight at enrollment; weight at delivery and weight change
during the study: hematocrit at enrollment and delivery: change in hematocrit during the study,
febrile illness: use of tobacco products; use of alcohol: cthnicity: and sex of the newborn. Mater-
nal malaria infections at enrollment, at tollow-up visits, and at delivery (peripheral blood, placen-
tal blood. and newborn cord blood ) were considered both outcome and indicator variables.
Birth weight and gestational age were examined as outcome variables and were included as indi-
cator variables in the analvsis of perinatal. neonatal, and postneonatal infant survival.

Comparison among treatment groups: Characteristics of women in the three CQ treatment and
prophyluxis groups ind the MQ treatment-prophylaxis group were examined for ditferences (see
Scction VEL). Because the characteristics of women on CQ were similar at enrollment (c¢.g., same
prevalence of parasitemia) and because the CQ regimens had similar cffects on their parasite
clearance (Figure 9), women in the three groups recciving CQ were considered as one group
for many of the analyses.

C. STATISTICAL PROCEDURES

The statistical significance of categorical variables was assessed using the chi-square or Fisher's
exact test: the statistical significance of continuous variables was assessed using Student's t-rest
or Wilcoxon rank sums test: and analysis of continuous variables by categorical explanatory vari-
ables was assessed using analvsis of variance. Cox's proportional hazard method was used to com-
pare survival among children in ditferent groupings of characteristics (c.g., children with hema-
tocrit values below 25% compared with children with values of 25% and higher)., EPHINFO
software was used to caleulate retative risk (RR) or odds ratios (OR) (using the method of
Greeland and Robins ) and the 95% confidence intervals (95% CI) (using the method of Cornficld ).
Risk estimates for multiple strata were examined using weighted Mantel Hacenszel (MY esti-
mates of the OR. P values less than 0.05 were considered significant. Odds ratios, means, and
rates were standardized by gravidity or parity where indicated. with the normal population dis-
tribution of women sceking care at antenatal clinics as the standard.

Birth-order—adjusted univariate analysis of factors associated with LBW was conducted using
conditional logistic regression (PROC LOGISTIC, SAS ). Multivariate models were examined in
SAS, and variables included in the model were those that were significant in the univariate or
adjusted univariate testing or those that were shown from previous studies to be potentially
biologically important, cven if they were not significant in univariate testing, Models were devel-
oped using a combination of backward and forward climination or inclusion of variables. First-
order interaction terms were examined in the models for all scts of variables that were consid-
cred to have plausible biologic interaction. Variables in the final multivariate modcels were those
that remained significant when included in the model. Attributable risk estimates were made
using risk estimates from the maltivariate models and prevalence of the risk factor in the popu-
lation using the method of Levin.
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VI. MMRP STUDY RESULTS: MALARIA INFECTION, MALARIA
PREVENTION, BIRTH WEIGHT, AND GESTATIONAL AGE

A. ENROLLMENT

A total of 4220 women were enrolled in the study: 33 (0.8% ) were not pregnant, 12 (0.3%)
refused follow-up, 129 (3.1% ) moved from the study arca, and 3 died prior to delivery, feav-
ing 41043 (93.8% ) women who were known to have delivered. Of these, TO88 (11.8% ) detiv-
cred at home, 01 (1.6% ) delivered in nonstudy delivery units, and 2291 (50.7% ) delivered in
study arca delivery units. Among the study area facility deliveries, 61 (2.7% ) women delivered
twins, and an additional 73 (3.4%) of the singleton births were born dead, leaving 22041 live
singleton in-facility detiveries: 2145 (97% ) had known birth weight and known malaria infee-
tion status at delivery, and 1657 (77% ) of these were in the study for more than 0 weeks and
reccived all of the required doses of their antimalarial regimen™ (Figure 6).

Figure 6. Study participants at enrollment, foltow-up and delivery, MMRP, 1987-1990.

I Enrolled Women: 4220 ]

’ 33 not pregnant
* 12 relused follow-up
129 moved

[ Known Delivered Women: 4043 ] 3 died

’/\ 64 dehvered other hospitals

IDelivered at Home: 1686ﬂ 2291 Delivered in Study Hospital
Twins Singletons \ Singletons Twins
19 alve 37 aborted 9 aborted 52 alve
2 aborted 83 stiliborn \ B4 stillborn 9 sullborn
4 stillborn - X
[ 1543 Live Singletons 2157 |

53 1aken to hospital \ /

| Known Birthweight: 2204 |

l Known Infection Status: 2145 I

\
1657

In study -6 weeks
Properly dosed for regimen:

o o

The actual number of women or mbants examined many given analysis is dependent on the variables examined and iy be Larger
than 1657 (e . examining enrollment parasitenmiae m all enrolled wonten ) or smaller than 1657 hecause of missing vilues for certain
variables
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Women's characteristics

The characteristios of women recciving CQ or MO were similar except for those attected by
increased enrollment of women in their first and second pregnancics (vounger women) in the
MQ group. Table 2 presents characteristios of women receiving cither CO or MQ stndardized
by pregnancy number 1o a standard population of pregnant women in this district,

Table 2. Characteristics of women recciving chloroguine (CQ) or mefloquine (MQ) for malaria
< I ~ l ~
prevention in pregnancy, MMRP, 19871990 2

CHLOROQUINE GROUP MEFLOQU!NE GROUP
AN=1196) CU. (NS48t -

Mt-:m OR % (SD). - MEANOR % - (SD) . P'VALUE "

MEAN AGE (YEARS) ° 25.0 [RETRCH 243 5 0.03
MEAN GRAVIDITY ° 3.4 (260 2.3 12,01 10 "
MEAMN WEIGHT (KGS) * 54.1 68 54 9 16.9) 0.03
MEAN HEIGHT 1CMS) 155 2 6.3 155.4 6.6 0.57
MEAN DAYS IN STUDY 102 136) 102 t35) 0.85
REPORTED NFEVER 14 DAYS PRIOR TO 6.2 q.2 O.11
DELIVERY (%)

USED TOBACCO 1% 3.3 4.7 0.16
USED ALCOHOL (%5 1.0 0.2 O. 11
NOT LITERATE (%5 70.6 65.1 0.03
SOCIOECONOMIC STATUS (CODE") 4.8 1.8 5.1 2.2) 0.005
MEAN HEMATOCRIT (%51 * 33.7 t5.5) 32.9 t5.9) 0.01
MALARIA INFECTION AT ENROLLMENT (%) 41.4 36.2 0.06
MALARIA INFECTION AT DELIVERY (9%} * 25.0 4.8 10 *
NEWBORN GENDER (%9 MALE) 49.7 49.1 0.81
MEAN BIRTH WEIGHT (GM) 2929 t454) 3012 1479 0.001
LBW (%) 15.0 2.9 0.26

IWomen o e sty oowcehs tkang al doses and deline g Ine singleton baby with know o birth weight and known placental ke

U statns MEmeans and percentazes coveept for mean gninading ) are adpasted 1or pregnanay pumber €12 or 3 usiag s 0 standard

the popatativn of (b women aendsog el chnses €220 prmngrasidas 17700 s andigravidis and 602 malngraadas )

P OCHc anaie sLits e buscd am hionse constucion Curacicnsiios comumum A nasunom 9

CCharactenstos saeonhicanth diticrent hetw cen wormen on € £ o A

The population of women in the study demonstrates several important characteristios that are
consistent with populations of women ot reproductive age in the rest of the country and clse-
where in the region. First, the pregiant women enrolled were voung (mean age 180 vears) at
their first pregnancey. and age aad pnll\ were highly correlted (R 082,937 1 0.82.0.81),
Many of the women were short €139 with height 150 ¢ms) and relativety light (23.8% with
weight - S0 ks at thew fiest antenatt clinic vsit, which was usually in thew mid scecond
trimester). Overall few women reported fever during the pregnancy prior to their first antena-
tal clinic visit; and verv tew reported using alcohol or tobacco during pregnancy. A high pro-
portion 69" ) of women could not read or weite, and most women were poor by socioccononmic
assessmient eriterin Malaria, anemne and (BW were commaon features in the population,




SECTION. VI:

'RESULTS

Because of the study design and the effort to enroll adequite numbers of women at highest risk
for malaria in the MQ group, women in the MO group were more HKely to beinan carly preg.
nancy and conscquently younger. Because of the differences established by study design, uni-
variitte amlvses were swdjusted by pregnaney number (gravidity ), Atter adjusting tor pregoancy
number. cortain charcteristios of the CO and MQ reatment groaps were significanthy ditferent:
maternal weight, litevaey, socioceonomic sttas, and coroliment hematocerit. b general. the dif
ferences were snidl, These characteristics were included in the muhtivariate models when out-
comes of interest in the study ezl LEW L prematurity ) were examined.

Malaria parasitemia

Among, the 1127 women with enrollment blood smear results, 1830 (4:4.5% ) were parasitemic
(Clable 3 very few women had parasite densities greater than 10,000 parasites per microliter of
blood.

Table 3. Parasitemia ar enrollment in women enrolled in study.

’

POSITIVE

'NUMBER'

WOMEN TESTED: 4127 1826 (44.9)

PARASITE DENSITY
(PARASITES/MM® OF BLOOD)

1-999 967 (23.4)
1000-9999 768 (18.6)
-10,000 101 (2.5)
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Sixty-five percent of primigravidas had detectable parasitemia at encollment: this rate decreased
with successive pregnancies (Figure ™). The proportion of fow density parasitemia was similar
in all pregnancies (approximately 25% with parasite density < 1000 parasites mm* of blood ); the
excess parasitemia seen in first and second pregnancies consisted prinucily of higher density
parasitemia.

Figure = Prevalence and density of parasitemin in pregnant women at enrollnient. by gravidity,
MMRP, 1987-1990),

% Parasitemic (N- 4118
70 Parasite Density
parasites mm’*
60 | ;
High
. 10.000
50 | Medium
R 1000-9999
40 + Low
D 1-999
Kl o
20
10
0
1st pregnancy 2nd pregnancy 3rd or greater
pregnancy

Pregnancy Number

The finding of higher prevalence and density of parasitemia in primigravidas is consistent with
findings from many other studies and highlights the increased risk from malaria in primigravidas,
and. to a lesser extent. in secundigravidas.
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The prevalence of parasitemia at enrollment varied by scason within gravidity groups (Figure 8).
Enrollment parasitemia rates were highest in the postrainy scason and lowest in the dry season.

Figure 8. Prevalence of parisitemia in pregnant women at encollment, by gravidity and scason,
MMRP, 19871990,
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Trawment groups had similar levels of parasitemia at corollment in the study (Figure 93, No sig-
mificant differences were seen in enrollment parisitemia by treatment group within cach gravid-

iy category.

Figure 9. Prevalence of parasitemia in pregnant women at enrollment. by gravidity and treat-
ment group, MMRP, 19871990,

% Parasitemic (N - 1694)

80
Gravidity 2 [ ] Gravidity 3 +

H Gravidity 1

60

20

0

Number: 120 78 147 141 91 334 105 60 153 214 139 112

Regimen A (CQ) Regimen B (CQ) Regimen C (CQ) Regimen D (MQ)

Treatment Regimen

Summary findings:

The women in the study, selected from tne population of pregnant women in rural Malawi, were
generally young, in an carly pregnancy (by study design), poor, and frequemtly not litevate. Short
stature, low weight, anemia, and malaria were common in the population. Reported febrile illness
aud use of alcohol or tobacco were uncommon in these women. Women in the different treat-
ment groups, for the most part, shared sintilar ¢haracteristics.

Parasite prevalence at enrollment was high; overall, 43¢ were parasitemic, and 67°¢ of printigravi-
das and 44¢ of secundigravidas were parasitemic. The Jinding of highest parasite prevalence in
primigravidas and secundigravidas is consistent with all carlier studies and reconfirms that these
women represent the most important target group.

Parasite prevalence at enrollnent was similar in cach of the treatment gronps; women appeared
(o be similur at the time of euvollment with regard to exposure (o malaria parasites.

m—m
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B. FoLLOwW-UP

A total of 3150 women received monthiy follow-ap examinations, had Kknown regular inges-
tion of their antimatlarial drug, and had blood simcinr resels

Parasitemia (resistant and breakthrough)

Resistant infections (no evidence of parasite clearance ) were identitied in 277 (8.8% ) women with
parasitemia at enrotlment. Breakthrough infections were observed overall in 517 (160.8%) of
080 women who were followed up and in A1 ECTSE ) of 1670 women who were aparasitemic
at enrollment.

Breakthrough parasitemia rates were similar in women in cach of the gravidity categories. Pri-

migravidas were more likely to have resistant infections, and the excess parasitemia at follow-up
in primigravidas and sceundigravidas appears to be due to resistant infections (Figure 10),

Figure 100 Prevalence of parasitemia in pregnant women at follow-up, by gravidity, MMRP,
1987- 1990,

°s Parasitemic

40 n =
D Breakthrough® ‘ Resistant**

Differences
by gravidity: p 0215 p 0.0008

30 SO U U . - ——— e e e

20
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0 107/589 65/371 111/751
1st pregnancy 2nd pregnancy 3rd or greater
pregnancy

Pregnancy Number

* Breakthrough mitally aparasitenmic, parasaemic on tollow aup
** Resistant. imtdIv parasitemic, parasitenmie on st follow up
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Resistant and breakthrough infections were common in cach of the three CQ regimens, but seen
in tewer than 5% of women on MQ. The Malawi national policy for prophylaxis in pregnancey
at the start of the study (weekly CQ lone, Group C) showed the highest frequency of follow-up
infections, and the excess compared with the other CQ regimens was caused by resistant infec-
tions (Figure 1) This finding suggests that an initial treatment dose of GO, even in a setting, with
high Tevels of CQ-resistnt £ falciparum malaria, is more cffective in clearing pacasitemia than
regimens using only weckly prophylaxis doses,

Figure L1 Resistant and breakthrough parasitemia by treatment regimen and gravidity, MMRP,
1987-1990.

% Parasitemic D Breakthrough® Resistant**
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Summary findings:

After women began to receive their designated antimalarial regimens, parasitemia was most com-
mon in primigravidas on CQ and least cormmon in multigravidas on MQ. Thus, pregnancy mum-
ber and the efficacy of the antimalarial drug were the two most important determinants of persis-
tent malaria infection in the population of pregnant women.
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C. DELIVERY

Malaria infection was examined at the time of delivery in maternal peripheral blood (capillary
blood from a tinger-prick), placental blood. and umbilical cord blood. A total of 1790 women
delivered in the hospital, had reccived proper dosing on their antimakarial regimen, and had
their blood examined.

Maternal peripheral parasitemia

At the time of delivery, 283 (15.8% ) of 1790 women had peripheral parasitemia detected on
blood smeir; the GMPD was 459 parasites mm®, Primigravidas had the highest rates and densi-
tics of parasitemia; the scason of delivery and antimalarial treatment regimen were important
determinants of the presence and density of parasitemia.

Maternal peripheral parasitemia and gravidiry: Primigeavid women were more likely than women
in subscquent pregnancics to have parasitemia and to have higher density parasitemia (Table -+).

Table 4. Maternal parasitemia at delivery by gravidity, MMRP, 19871990,

' ~ PA_RAQlT;MiC: o ‘ﬁABASIfEM',c: éAg‘Aslizmlc:
LOW DENSITY  MEDIUM DENSITY - HIGH.DENSITY
O _ SR (1-899 ' (1000-9998. . . (Z10,000
' P'REQ;NANC’Y ‘ Pp‘dasiyém‘c " PARASITES/MM?) PARASITES/MM3) * PARA,SVI"TE_'S/“M‘M")-':'
NUMBER ~ NUMBER . NUMBER (%) NUMBER " (%) - . NUI'A'BE;R " (%) . NUMBER (%)
1 612 143 (23.4) 85  113.9) 37 (6.0) 21 (3.4)
2 382 60 (15.7) 33 (8.6 24 (6.3 3 0.8
-3 795 BO  (10.11 62 17 8) 17 2.1 1 (0. 1)
TOTAL 1790 283 115.8} 180 (10. 1 78 14.4) 25 (1.4)

Ditterences by gravidin were signiticant meeach grouping ol parasite density (chesquare, pe-0.05)

Maternal peripheral parasitemia and transmission season: Women delivering in the rainy and
postrainy scason were more likely than women delivering in ihe dry scason to have parasitemia
and to have higher density parasitemia (Fable S).

Table 5. Maternal parasitemia at delivery by scason, MMRP, 19871990,

R

' PARASITEMIG: .~ PARASITEMIC: * PARASITEMIC: |
'LOW DENSITY ' hill-:blum-nsu'sA(TY“ HIGH DENSITY
'  PARASITEMIC® . (1-999  (1000-9999 ' - (210,000

T ‘ "PI.,'A_CENTA _ - PARASITES/MM®) ‘PARASITES/MM®) - PARASITES/MM3)

" SEASON ¢ NUMBER NUMBER (%) ’._, "NUMBER (%) .~ NUMBER (%) ' NOMBJR.(%'i _
RAINY 577 120 (20.8) 63 110.9) a1 (7.1 16 (2.8)
POSTRAINY 768 136 (17.7) 97  112.6 3z (4.2) 7 0.9
DRy a4s 27 (6.1) 20 4.5 s (11 2 10.4)
TOTAL 1790 283  115.8) 180  (10.1) 78 (4.4) 25 (1.4

Differences by season are signiticant in cach grouping of pariasite densiy (chissquare, pe 0 05 )
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Maternal peripheral parasitemia and treatment regimen: Women on 2 CQ regimen were more
likely than women on the MQ regimen to have parasitemia and to have higher density
parasitemia (Table 6),

Table 6. Maternal parasitemia at delivery by treatment regimen, MMRP, 1987- 1990,

-

PARASlif‘EMIc‘: :PVA'RVASI_'IEMI'.C: - PARASITEMIC: .

ST W e e 'LOW DENSITY | MEDIUM DENSITY  HIGH DENSITY
Ll L (1beee 6. (16009888 - (210,000

' TREATMENT ) \SITES, " PARASITES/MM?). PARASITES/MM?).
' REGIMEN =~ - : . N 7 (%) NUMBER.. (%) ! NUMBER " (%)
ca 1297 263 120 3 167 (12.9) 74 (5.7 22 1.7
MQ 493 200 Aty 13 2.6 4 0 8) 3 0.6
ToTaL 1790 283 158 180  (10.1) 78 4.4 25 (1.4

Dilferences s tecatment groap are sigmncant m cach groaping of parasite denstiy fohsguare, pe 1105

Summury findings: maternal peripheral parasitenia at delivery
e ]

7

Parasitemia at delivery was 23 .4 in primigravidas, 13.7¢ in secundigravidas, aud 10,1 in
maultigravidas. The peripheral parasitemia rate in women on CQ was more than 5 times the rate in
women on MQ. This confirms the markedly different efficacy of the two drugs and the relatively
poor efficacy of CQ in this area of rural Malawi.

%

Placental parasitemia

Malaria infection of the placenta was identificd in 346 (19.9% ) of 713 women who reccived
regular dosing on their cegimen and had a placental examination at the time of delivery.

Placental parasitemia and parity: Primigravid women were more likely thin women in subse-
quent pregnancies to have placental parasitemia and to have higher density parasitemia (Clable 7).

Table = Placental parasitemia at delivery by gravidity, MMRP. 1987-1990.

PARASITEMIC:  PARASITEMIC:. . “PARASITEMIC:
"LOW DENSITY..  MEDIUM DENSITY - HIGH DENSITY

‘ ‘ 7 . (1-999 . (1000-9999 . - (210,000

'PREGNANCY . . ~PARASITEMIC  'PARASITES/MM®). PARASITES/MM®) PARASITES/MM®)

NUMBER "NUMBER NUMBER (%) AN‘UMBER (%) '»"-'N.uMa'.Ei_x, (%) . NUMEER (%)
1 599 177 129.5) 97  (16.2) a8 (8.0l 32 (5.3
2 377 75 (19.9) 39 110.3) 29 (7.7 7 o)
‘3 767 94 (12.2) 50 6.5 37 ae 7 109
ToTAL 1743 346 119.9) 186 110 7, 114 (6.5 a6 (2.6

Dilterences by gravidiny are sigmiticant in cach grouping of parastte density Cchisquare. po 003
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Placental parasitemia and transmission season: \Women delivering in the rainy and postrainy
scasons were more likely than women delivering in the dry scason to have placental malkaria

infection and to have higher density parasitemia (CTable 8.

Table 8. Placental parasitemia at delivery by scason, MMRP, T987-1990.

s . ! TR R [ . . . e
e .. RARASITEMIC:. PARASITEMIC: PAR_ASITEMIC:

o '. ‘LOW QENSITY: ‘ME IM DENSITY  HIGH DENSITY
RASITEMIC. (14999 . (1000-9999 - - {Z 10,000

- " PLACENTA <. PARASITES/MM?) PARASITES/MM?) 'PARASITES/MM?)
- 'NUMBER (%) .- - NUMBER (%) . NUMBER (%) - .. 'NUMBER (%)

RAINY 559 154 ¢27.5) T 0136y 49.48.8) 2915 2y
POSTRAINY 760 1604421 1) 91 1200 56 7.4 13017
DRy 424 32 7.5 19 4.5, 92,1 4 10.9)
TOTAL 1743 346 119.9) 186 +10.7) 114 16.5) 46 12.6)

Diterences by season are sigimheant an cadh groupng, of parasite density (alu square. p 0035)

Placental parasitemia and treatment reginten: Women assigned i CQ regimen were more likely
than women assigned ot MQ regimen to have pacental malaria infection and to have higher

density parasitemia (Table 9).

Table 9. Placental parasitemia at delivery by treatment regimen, MMRP. T987-1990.

PARASITEMIC: | PARASITEMIC: ,"PAgAswamc:
LOW DENSITY  MEDIUM DENSITY .  HIGH DENSITY.
_ o . 7 (1-899 ', - (1000-8999'- - (210,000
TREATMENT - . ~PARASITEMIC " P'Ar:aAsn*_res/M'W)"_ "PARASITES/MM?) . PARASITES/MM?)
nﬁslyEN e ‘ Numat;:‘a.‘(.%)," - N;ﬁMBE;R (%) _‘Nl.vl'_MB.ER- %) -N!JM,B"Eﬁ (%)
cQ 1262 316 (250 169 113.4) 105 18.3) a2 13.3)
MQ a8 40 16.2) 17 (3.5 9 (1.9) 440.8)
ToTaL 1743 346 (19.9) 186 (10 7) 114 16.5) 46 12.6)

Ditterences by treatment regimen are sigmbicant in cach grouping of parasite density (Chisgure, pe 0 05)
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Placental P. falciparum infection rates, like peripheral parasitemia rates, were associated with
gravidity, scason, and the antimalarial drug regimen. Primigravidas and women on CQ had
higher rates of placental infection. On average, 10.0% of primigravidas on one of the CQ
regimens showed placental infection at delivery compared with 15.4% of multigravidas (- 3rd
pregnancy ) on CQ. Fewer than 1% of primigravidas on MQ had evidence of placental infec-
tion and fewer than 3% of multigravidas on MQ had placental infection (Figure 12). Placental
infection wis most common in primiparous women on € delivering in the rainy scason (534,
infected) and least common in maltiparous women on MQ detivering in thie dry season (none
infected),

Figure 120 Placental nedaria infection by gravidity and antimalariat drug regimen, MMRDP,
19871990,

% Placental Iinfection (N 1671%)
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Treatment Regimen

* Women dosed properhy, in study more than 6 weeks




SECTION VI
RESULTS

Findings consistently suggest that MQ was highly cffective in keeping the placenta clear of malaria
parasites and that MQ was supcrior, regardless of gravidity or season.

‘The determinants of placental malaria infection were further examined. The presence of para-
sitemia at enrollment was a predictor of the likelihood of placental malaria at delivery. Women
on 2 CQ regimen who were parasitemic at enrollment were more likely to have placental infee-
tion at delivery than women on a CQ regimen who were aparasitemic at enrollment. Similarly,
a higher density of enrollment parasitemia was associated with an increased likelihood of pla-
cental infection at delivery in these CQ-treated women (Figure 13).

Figurce 13, Placental malariainfection by enrollment parasitemigamong chloroguine-treated women,
MMRP, 1987-1990.
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Enrollment Parasite Density

Enrollment Malaria Infection

Vollow-up parasitemia while on one of the regimens was also a predictor of placental infee-
tion at the time of delivery. Women who had cither resistant or breakthrough parasitemia on
follow-up visits were more likely to have placental infection, regardless of the regimen used,
although, as noted above, many fewer women showed resistant or breakthrough infection on
the MQ regimen (Figure 144).
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Figure I+, Placental malaria infection by follow-up parasitemia, MMRP, 1987-1999).

% Placental Infection
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No Resist'‘Breakthrough Resistant* Breakthrough**

Follow-up Parasitemia During Pregnancy

* Resistant: initelly parasitenne, parasiteniic on st tollow-up
** Breakthrough: initally aparasiteniic, parasitemic on follow-up

Summary findings: placental malaria infection

L . . e
Placeral parasite infection was most common in primigravidas on one of the CQ regimens: 46%
of primigravidas vi: CQ) had placental malaria infection compared with 9% of primigravidas on
MQ. and 15% of multigravidas on CQ and fewer than 3% of multigravidas on MQ had placental
malaria infection,

In addition to gravidity and drug regimen, the presence of enrollment and follow-up parasitemia were
important predictors of placeatal malaria infection.
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Umbilical cord parasitemia

Malaria infection of the umbilical cord blood was identified in 123 (7. 1% ) of 1732 women who
received regubar dosing on their regimen and had cord blood examined at the time of delivery.
Factors associated with umbilical cord parasitemia were eximined.

Umbilical cord parasitemia and birth order: Firstborn babics were more likely than babies of sub-
sequent birth order to have umbilical cord parasitemia and to have higher density parasitemia
(‘Table 10).

Table 10, Umbilical cord parasitemia by birth order. MMRP, FO87T-1990.

' PARASITEMICE

3 : 4MEI5iUM'DEN'S"lTY HIGH DENSITY

. oo (1-999 ' (1000-9889 - . (210,000

N e " PARASITEMIC - P'ARAsi{rEé)MMi) 'PARAsnEs/MM’) PARA_S!TES/MM-’;

'BIRTH ORDER NUMBER:  NUMBER (%). * * NUMBER (%) NUMBER : \t:l\u:u_al-:n-i_(%),
1 585 72 012.3) 58 19.9) 8 1.4 6 (1.0
2 375 18 (4.8 16 14.3) o — 210.5)
‘3 772 33 (4.3 29 (3.8 4 10.5) o —
ToTAL 1732 123 7.1 103 (5.9) 12 10.7) 8 10.5)

Duterences by bieth arder aee sigmificant oveatl and tor low densiy parasitemia, Cehesquare. p 0.05)

Umbilical cord parasitemia and transmission season: Women delivering in the rainy and postrainy
scasons were more likely than women delivering in the dry scason o have babies with umbili-
il cord malaria intection and o have higher density cord parasitemia (‘Table 11).

Tuble 11, Umbilical cord parasitemia by scason, MMRP, 1987- 1990,

‘PARASITEMIC: ; .PARASITEMI " ‘VPAI;'!AS.['!",E‘P'JI A
Low osnsrrv o MEDIUM oansrrv HIGH DENSITY"
o (1-999" " . (1000-9999. (=10,
R i PA,ﬁAsiT_EM"lc' PARAsnTes/MM" ‘.PARASITES/MM PARAsnTes/MM:‘)
SEASON | . NUMBER .NUMBER (%) .  NUMBER (% NUMBER (%) " . NUMBER (%) o
RAINY 563 S19.1) a2 (7.5 4.0.7 5 0.9
POSTRAINY 748 62 18.3) S3 (7.1 7 0.9 210.3)
DRY a21 10 (2.4 8i1.9 1 10.2) 1 (0.2
ToTaAaL 1732 12347 1) 103 15.9) 12.(0.7) B 10.5)

Dutterences by seasosare ssgiddicant for ramy and postrasny seasons compared with dey scason overall, ¢chesquare. p 005)
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Umbilical cord parasitemia and treatment regimen: Women on a CQ regimen were more likely
than women on an MQ regimen to have umbilical cord malaria infection and to have higher den-
sity parasitemia (‘Table 12).

Table 120 Umbilical cord parasitemiun by treatment regimen, MMRP, 19871990,

ARASITEMIC] . PARASITEMIC: .~ PARASITEMIC: |
qw;qausfw . M,E:l._)‘IUM. DENSITY. HIGH DENSITY -
L e 0 889 L (1000-9999 v - (216,000 -
TREATMENT . - PARASITEMIC 'PARASITES/MM®) - P) TES/MM®) * PARASITES/MM3
. REGIMEN ° 'NUMBER | NUMBER (%) ' NUMBER(%). : - NUMBER (%) - NUMBER (%)
ca 1252 108 18.6) 92 (7.3 10 (0.8) 610 5)
MQ 480 1513.1) 1112.3) 2(0.4) 2 (0.4
ToTaL 1732 123 (7. 1) 103 (5.9 12 (0.7 8 (0.5)

bifferences by treatment group are significant e cach grouping of pacasite density (chi square, pr 003)

Relationship of maternal peripheral, placental, and umbilical cord parasitemia

Malaria infection rates were 15.8% for maternal infection, 19.9% for placental infection, and
7.1% for umbilical cord blood infection; they were highly correlated. Table 13 shows that for
women with parasite densitics = 1000'mm?®, more than 95% had placental infection. However,
7.5% of aparasitemic women had placental malaria infection; thus, maternat peripheral para-
sitemia did not fully identify all women with placental malaria infection.

Table 13, Likclihood of placentat infection in women with peripheral parasitemia at dclivery,
MMRP, 1987-1990.

o

©MATERNAL MALARIA PARASITE

DENSITY.{PARASITES/M

(o] 1491 7.5%
1-999 175 75.4%
1000-9999 78 97.4%

10,000 23 95.7%
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Despite reports in the literature suggesting that congenital malaria is uncommon (2,9), babics

born to women with placental malaria infection had a high frequency of umbilical cord blood

parasitemia. In fact, density of parasitemia (both maternal peripheral parasitemia and placentad

parasitemia) was an importnt predictor of which children had umbilical cord blood parasitemia
(Table T-4). See Section IXAL for further discussion of congenital malaria infection.

Table 1. Likelihood of umbilical cord parasitemiin according to maternal peripheral bMlood or
plrcental malaria infection, MMRP, 1987- 1990,

PERCENTAGESWITH

UMBILIGAL CORD’
" PARASITEMIA

o 1487 1.8% o 1419 0.3%
1-969 173 24.2% 1-999 185 2€.5%
1000-9999 77 46.8% 1000-9999 116 38.8%
110,000 23 87.0% *10,000 14 61.4%

Chisquare test tor rend tor mcreasing cord blood parasitemi witho mereasing parasite densiy. ot maternal or placental imtecuon po 10 o

Summary findings: relationship of maternal peripheral, placental, and umbilical cord
parasitemia

Umbilical cord blood P. falciparum infection rates were lighly correlated with placental infection
and were also associated with gravidity, season, and antimalarial drug regimen. Primigravidas and
women taking CQ had higher rates of umbilical cord blood parasitemia. On average, 16% of babies
born to primigravidas on one of the CQ regimens showed wmbilical cord parasitemia, compared
with 5% of habies born to multigravidas ( - 3rd pregnancy) on CQ. Fewer than 6% of habies born
to primigravidas on MQ had evidence of nmbilical cord blood infection, and none of the 117 babies
born to multigravid women on MQ) had wmnbilical cord blood infection.

These findings suggest that a high proportion of fetuses are exposed to malaria parasites if the
wother has peripheral or placental malaria infection. While we cannot he sure that exposure occury
in utero throughout pregnancy, the finding that more than 50% of babies have cord blood para-
sitemia when the mother has a high density of peripheral or placental parasitemia strongly sug-
gests that if the pregnant woman has a malaria infection, a high likelihood exists that the fetus

will he exposed to wmataria parasites.
L
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D. MATERNAL HIV INFECTICN

Overall. 7 1% of the 4 E3E serum specimens collected were ELISA- and Western Blot-positive
fer antibodies to HIN. High rates of HIV seropositivity were seen in the Mangochi and Koche
facilities. which are located in towns; lower rites of seropositivity swere seen in Mpondas and
Malindi. which serve women in more rural arcas Clable 15).

Table 15, THV seropositivity by antenatal clinic site, MMREP, 19871990,

MANGOCH| HOSPITAL 1086 124 t11.4)
KOCHE CLINIC 734 80 110.9)
MPONDAS CLINIC 631 32 15.1)
MALINDI HOSPITAL 1680 57 (3.4)
ToTAL 4131 293 (7.1)

In 3 vears, the overall HIV-seropositivity rate changed from 4.2% to 8.0% (Chi-square test for
trend, p=0.012) (Table 16). This increase in seropositivity over tme was seen in all but one
of the sites,

Table 16, HIV seropositivity by vear of delivery, MMRP, 19871989

TOTAL TESTED 477 2130 1522

HIV POSITIVE 2% (4.2%) 152 (7.1%) 121 (8.0%)

*Only two women detivered m 1900 this information was not included i the table
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Factors associated with HIV scropositivity

We examined maternal characteristics that were associated with HIV seropositivity inctuding
gravidity, cducation, sociocconomic status, height, weighe at fiest clinic visit, weight at delivery,
weight gain during pregnancy, distance between home and delivery facility, history of fever in
pregmancy. henutocrit at enroliment and delivery, serologic evidence of active syphilis, and

adverse reprodudiive outcomes prior to the current pregnancy.

Preguancy number and maternal age: Women in their first or sccond pregnancics were more
likely 1o be HIV - compared with women in Later pregnancies (CTable 17). Because pregnancy
number and age were very closely linked, the siame results are seen it age caegories are used.
This finding may be in part due to higher rates of enrollment of voung women in carly pregnan-
cies at the Mangochi site where THY seroprevalence was relatively high,

Table 170 HIV seropositivity by pregmaney number, MMRP. 1987- 1990,

. N ; : "".: R
HIV'SEROPOSITIVE
“NUMBER " |

‘3 1799 95 15.3)
TOoTAL 4049 287 (7.1

Seropositivity by gravidiny number s signdicanthy ditterent. Cobi square, po 0 00030

Maternal education: Women with higher levels of education were more likely to be TV 4 (Table
18): differences were highly significant, po 10,

Table 180 HIV scropositivity by maternad education, MMRP, [987- 1990,

_HIV seroPosi

-'NUMBER |

[

NO FORMAL EDUCATION 2859 136 (4.8}
ELEMENTARY (- 6 YEARS) 357 32 9.0y
SECONDARY ( "7 YEARS) 912 124 113.61
TOTAL 4128 292 (7.1)

Chnsquare tor tread ot mereasimg TV seroposiinaty rates with morcasimg education B3 po 107
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Maternal socioeconomic status: Women of higher sociocconomic status were more likely to be
IV + (Table 19); differences were highly significant, p<<10°,

Table 19, HIV scropositivity by maternal sociocconomic status, MMRP, [987-1990,

L™
| e . . ’ . . . .. o .
MIC' STATUS . . . R HIV SEROPOSITIVE
(CODED'BY TYPE.OF HOUSE.CONSTRUCTION) . NUMBER - - NUMBER, (%) -
= , P , — e
| Low 2782 156 (5.6)
MiDDLE 819 69 (8.4)
HIGH 525 67 (12.8)
ToTaL 4126 292 (7.1)

Chissquare for trend of increasing HIVSCropositivity rtes with increasing sociocconomic status - 36 6, pe 10+

Maternal stature: "Taller women (150 ¢m in height) were significantly more likely 1o be HIV +
than shorter women, p = 0.006 (Table 20). 1n this sciting, height may be associated with nutri-
tional status and sociocconoraic factors: thus, although height was associated with HIV sero-
siatus, height mav be o marker for other risk factors,

Table 20, HIV scropositivity by maternal height, MMRP, 19871990,

SHORT (- 149 CM TALL) 571 25 (4.4)

NORMAL ( 150 CM TALL} 3529 267 (7.6)
TOTAL 4100 292 (7.1

HIV-seropositivety rates ditfered by maternal height (chisquare, p- 0 006y

Maternal weight and weight gain during pregnancy: Matcrnal weight at the time of first ANC visit
wits not associated with HIV serostatus. The 952 women weighing <049 kgs (7.3% HIV + ) were
not significantly more fikely o be HIV + than the 3157 women weighing 2250 kgs (7.0% HIV + )
(p=0.71). Weight was measured at cach follow-up visit and at delivery, The 224 women who
tost weight between their fiest ANC visit and delivery (T1L6% HIV+ ) were more likely to be
HIV E than the TH9 women who gained weight in that interval (8.2% HIV + ), however, the differ-
cence wis not statistically significant (p=0.097),

Distance bevween home and antenatal clivic: Women who were HIV + were more likely to live
closer to the clinic. The average distance between home and clinic for HIV 4+ women was 5.5
km (standarcd deviation |SD| 2 5.0 km), compared with 7.3 km (SD £6.1 km) for HIV= women,
(p=10“). Because the clinics are located in towns or large village clusters, the distance measure
may be i surrogate for a wonun's proximity to a large population basc.
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History of fever during pregnancy: At first ANC visit, women were asked about their experi-
ence with febrile itlness during the pregnancey. The 292 HIV + women were significantly more
likely to report febrile illness (30.3% ) than were the 3828 HIV-women (2:40.1% ) (p-- 10 %), Infor-
mation wis not available to determine whether the fevers were associated only with HIV virus
or the presence of another infecting organism, ¢.g.. nuliaria parasites,

Maternal hematocrit: 'The mean hematocrit of 264 HIV A4 women (33.0% [SD - £5.4]) was only
slightly lower than the mean hematocerit in 3397 HIV= women ( 33.5% [SD £ 5.8]) however,
the ditference was not statistically significant, p=0.22. A further examination of the proportion
of women with ancemia showed that 23.9% of TV + women and 18.9% of HIV= women had
hematocerits = 30% 0 p = 0.047. However, 5.3% of HHIV E and 6.3 of HIV=women had
hematocrits <. 25% 0 p = 0.53, Thus, while there mav be some ctfect of TV on anemia, the effect
appcars o be mild and is not associated with an increase in severe anemii. When women were
examined at delivery, no etfect of HIV serostatus on maternal hematocrit was observed.

Maternal syphilis infection: Among 3399 women with both syphilis and HIV serologic results,
+.2% had evidence of an active syphilis infection, HIV + women had higher rates of active syphi-
lis (5.5% ) than HIV=women (-1.1% ), but these differences were not statistically significant,
P=0.3 A total of 9.6% of women had evidencee of active or recent syphilis infection: evidenee
ol active or recent syphilis infection was seen in 1e™% of HIV + women and 9.3% of HIV=
women, p=0.0006.

Summary findings: maternal HIV infection

These results provide information on 111V infection rates in the population of pregnant women at
their first ANC visit between September 1987 and June 1989 in Mangochi District. The informa-
tion was collected in a similar fashion to studies conducted in the large cines of Blantyre and
Lilongwe in early 1989, whicl demonstrated 17.6% HIV seropositivity among pregnant women (57).
Although HIV-seropositivity rates were " wer in Mangochi District, rates varied significantly
between the town areas and the rural villages (from approximately 12.6% i towns to less than
5.0% in rural viilages). This information can be used as an estimate of scropositivity elsewhere in
the country. The time spaun of 3 years, while short, was adequate to identify significant increases
in seropositivity over time, suggesting that many of these HIV & women may have heen recently
infected.

Factors associated with 1V infection in these sexually active women of reproductive age included
age and parity, high maternal education, high socioeconomic status, tall stature (possibly a marker
of nutritional and socioeconomic status), close proximity to the antenatal clinic, reported febrile
illness during preguancy, mild hut not severe anemia, and maternal syphitis infection.

e A A Y SRS T T M

Association between HIV seropositivity and malaria in pregnancy

The impact of HIV infection on malaria in pregnant women was investigated. This investiga-
tion was limited to women receiving CQ because almost all women receciving MQ became parat-
site-free, leaving too few for comparison,

A total of 2946 women who were placed on CQ prophylaxis and monitored throughout preg-
nancy and delivery were evaluated for possible interaction between THV and malaria during,
pregnancy. HIV test results were available for 2781 (91% ) of the women, One hundred and
fifty-two women (5.5' ) tested positive by ELISA and Western blot for antibodics to FIV. Malari
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parasitemia wus found in 2% of women at enrollment. 30.6"% of women during, follow-up, and
191" of women at delivery.

Interaction between UV and malaria

Enrollment: At enrollment, parasite prevalence wos higher in HIV i women (54000 ) than in
HIV=—women (0L 7% ) (RR - 131 CH- 1 12-1.52) After enrollment parasitemia was stratificd by
gravidity in women with or without HIV infection, two patterns emerged. First, the difference
in prevalence off parasitemia between HIV - and HIV=- women increased with inereasing gravidity
(Figurce 15) The previdence of parasitemia wias similar in primigravid HIV © (00.0% ) and THV=
women (60 1% ) (RR- 091 CH- 0.7 - L 16) but higher in multigravid HIV - (329 ) than in
HIV=—women (285 ) (RR - 185 €1 1.10-2.35) secondIv, in primigrividas, GMPDs were
higher in HIV + women (1390 parasites per mm® of blood ) than in FBHV= women (1375 parasites
per mm® of blood ) (p - 0.0003) While GMPDs decrcased with gravidity, they were consistently
higher in HIV © women than in HIV- women,

Figure 150 Plasmodion talciparion prevadence and density at antenatal clinic enrollment among
HIV - and HIV= pregnunt women receiving chloroquine chemoprophylaxis, by grie
viditv, (N = 209 1) MMRP. 19871990,
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Parasitemia during monthly follow-up visits: Persistent and breakthrough parasitenia at follow-up
visits was more common in HIV + than in HIV=womcen. Persistent infections in HHV « swomep were
19% and T1% in THV=women (RR - 1.92,CT - 1193090 breakthrough infections in (HV
women were A% and 20% in HIV-- women (RR 137 CEH 1.20-2.05 ) Mgain, this pattern wis
most pronounced in multigrividas, in whom the reltive vishs of resistant and breakthrough inlee
tions associated with TV infection were 300 ia HIV « women (¢ LO9-T00) and 235 in HIV-

women (CH 1.03-3.32) (Figure 16).

Figure 10, Resistant and breakthrough Plasmaodivm fulciparum infection at follow-up visits among
HIV & and HIV= pregnant women recciving chloroquine prophyvlixis (N -- 2399,
MMRP. TOST- 1990,
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RESULTS

Maternal parasitemia at delivery: At the time of delivery, HIV+ women had a higher parasite
prevadence (34.7% ) than HIV= women (18.2%), (RR= 191, Cl=1..43-2.55). The differences in
parasite prevalence associated with HIV infection were greatest in multigravidas (RR = 2,60,
Cl= 1.56-1.54) (Figure 17),

Figure 170 Plasmodium jalciparum prevalence and density in maternal peripheral blood smears
at delivery in HIV « and HIV- pregnt women, (N - Y1), MMRP. 19871990,
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Placental infection at delivery: Among women who delivered in hospital, the prevalence of pla-
cental infection in HIV + women was 38.2% and in HIV=women 22.5% (RR = 1.70,
Cl=1.30-2.21) (Figure 18). Among HIV=womcen, the prevalence of placental malaria infection
decreased dramatically with increasing gravidity, However, HIV + women did not demonstrate
a marked decrease ininfection rates with increasing gravidity. Among multigravidas, HIV +
women had a significantly higher prevalence of placental malaria ( 3-0.8% ) than HV— women
(12.:4% ) (RR =281, Cl= 1.81-1.38).

Figurce 18, Plasmodiven talciparunt prevalence and deosity in phicental blood smcars at delivery
in HHIV o+ and HIV= women (N - 1-435), MMRP
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Umbilical cord blood infection at delivery: Among newborns delivered in hospital, the preva-

lence of umbilical cord blood infection in those whose mothers were HIV 4 and THV— was 25.5%

and 6.8% . respectively, (RR = 3.76, C1= 2.54-5.57). The prevalence of umbilical cord blood

malaria infection decreased with increasing gravidity; however, the difference in infection rates

by gravidity was less prominent among infants born to HIV + women than those born to HIV—

women. Among multigravidas, infants born to HIV -+ women had a significantly higher prevae-
1y

lence of umbilical cord blood malaria ( 28.0% ) than infants born to HHV= women (3.6%
(RR=0.67, CI=3.:43-1295)
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Beaause umbitical cord blood parasitemia was seen only in nconates born to women with phi-
cental madarin intection. we examined the cltect of HIV intection on the frequencey of umbili-
cal card blood parasitemia only in nconates born o women with phicental infection. Again,
umbilical cord blood intection was more common in nconates horn to HIV - mothers (RR - 2.00,
<l 152279

Postpartum parasitentia. The prevalence and density of malaria paciasitemia in women in the post-
partum period {00 days atter delivery ) was not signiticanty ditterent between HIV 5 and HIV=
women overadb or within parity. groupings (Figure 19).

Figure 100 Plasmaodivm falciparam prevadence and density during the postpartum period among,
HINV = and FHY = women, (N - 3804 postpartum visits ), MMRP, 19871990,
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Summary findings: association between HIV infection and malaria
_ﬂ
Thiy investigation demonstrated that compared with 11V - pregnant women, 11V § pregnant women
were more likely to have a higher prevalence and density of malaria parasitemia at enrollment into
ANC, at follow-up visits while on CQ chemoprophylaxis, and at delivery (reflected also in placen-
tal blood smears). In addition, the neonates horn to HIV + women were more likely to have wnbili-
cal cord blood parasitemia. The HIV-associated differences seen in parasite prevalenee and den-
sity at each point were greatest in women with three or more pregnancies (multigravidas) compared
with primigravidas or secundigravidas. The magnitude and consistency of these findings provide
evidence for a biologic interaction whereby P. falcipacram infection is less well controlled in HIV-
infected pregnant women, particularly in those who should have established and maintained a
malaria-specific immune response from exposure to malaria parasites in a previous pregnancy.

The most likely explanation for the gravidity-specific effect observed in our study is that 111 Vinfee-
tion interferes with the maintenance of immune recognition of malaria, which starts to occur with
the first malaria-exposed pregnancy. If this is the case, one would expect little or no difference
between primigravidas with and without H1V infection because hoth groups would not have
acquired the necessary pregnancy-specific immanity and would exhibit the same high risk of malaria
infection; our findings bear this out. The greatest ¢ffect should be, and is, on multigravidas, who
have experienced previons malaria-exposed pregnancies and should have established a moderate
degree of immune protection, which is normally maintained across pregnancies. Women in their sec-
ond pregnancy who have experienced only one previous malaria-exposed pregnancy would likely
have some degree of immune protection and fall between “unprotected” primigravidas and
“protecied”” multigravidas.
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E. BIRTH WEIGHT
Birth weight was the principal outcome measurement in the investigation. The overall mean

birth weight in the population of singleton liveborn infants was 2905 grams (SD459 gm ), 16.6%
were born with LBW,

Birth-weight distribution and incidence of low birth weight

Figure 20, Birth-weight distribution in babics born to women in the study (N = 1042, MMRP,
19871990,
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Firstborns had a lower mean birth weight and were more likely to be born with LBW than infants
of subsequent birth order. Table 21 shows the mean birth weight and the proportion of infants
with LBW for cach birth-order stratum. ‘The mean birth weight increased significantly, and the
proportion of LBW decreased significantly with increasing birth order.
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Table 21, Mcan birth weight and percent low birth weight by parity, MMRP, 19871990,

PREGNANCY . s - BIRTH WEIGHT + . PERCENT LOW BIRTH

"NUMBER - " MEAN"" . (£°8D) LT T WEIGHT T T

1 603 2721 445 28.0%
2 384 2942 436 12.5%
=3 781 3027 438 10.4%
TOTAL 1768 2905 459 16.6%

The incidence of LBW was significantly higher in cach gravidity group for those babics born to
women with placental malaria than for babics born to women without placental infection ( Fig-
ure 21).

Figure 21, Incidence of fow birth weight by birth order and placental malaria infection status,
(N = 1677 MMRP. 19871990,
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In firstborns, the association between placental malaria infection and percentage LBW was ob-
served only among women whose thied trimester of pregnancy was exposed to high malaria
transmission during the rainy and carly postrainy scasons (OR = 211, 95% Cl=1.19-3.73)
(Figure 22). In habies of higher birth order (second and above), although the association between
placental malariacinfection and LBW varicd by scason, this variation was not significant.

Figure 220 Incidence of low birth weight in firstborns by scason and placental malaria infec-
tion status, (N S82) MMRP. HO87-1990).
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In cach gravidity group, the incidence of EBW was significantly lower for women who had no
placental malaria, regardless of the drug used 0 keep the placenta parasite-free (Figure 23).0
As noted carlier, MQ was much more likely than CQ to clear placental malaria infection.

“Snted Haenszel-weghied OR tor ahe theee strata m Pigure 23 was 17195 (11 26:2 3m)
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Figure 23. Incidence of low birth weight by treatment regimen, placental infection status, and
birth order. (N = 1023), MMRP, 1O87-1990.
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Adjusted univariate analysis

Using logistic regression, we examined the as ociation between LBW and several macernal and
newborn characteristics: milaria prevention regimen (CQ vs MQ), placental malarn infection,
entollment malaria infection, maternal height and weight, maternal education and sociocco-
nomic status, maternal HIV and syphilis infection status, maternal anemiit, scason of delivery,
and sex of the newborn, Bedause of the strong association between birth order and LW pre-
viously desciibed the modcels tor cach of these factors were adjusted for birth order using a
dichotomous variable (birth order =t or =2 2) (‘Table 22).
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Table 220 Association benween low birth weight and maternal and infant characteristics; single
L
variable analvsis adjusted for birth order, MMRP, 19871990,

. R e

o | PRevalence . 95% ConFjoence
CHARACTERISTIC* IR ‘ R(“"LO ) "TﬁTlli!YA'."#
rh?;gffh’:;NV:E*'GHT 50 KG AT 23.6 1.83 1.40. 2.41
MATERNAL HEIGHT <150 CM * 13.3 1.59 1.14, 2.22
NOT LITERATE 66.8 0.94 0.72. 1.23
LOW SOCIOECONOMIC STATUS! 64.3 0.92 0.71, 1.19
HEMATOCRIT “X25% 5.7 1.32 0.77, 2.25
HEMATOCRIT <<30% 18.7 1.1 0.79, 1.55
S:::S"I';:'s"”: MALARIA 45.2 0.98 0.75. 1.29
PLACENTAL MALARIA INFECTION * 22.1 1.76 1.32, 2.34
:"N":_i'c';'lco"N" CORD MALARIA 7.3 2.66 1.78. 3.97
USED CQ' ** 72.9 1.33 0.99, 1.79
FEMALE INFANT * 50.2 1.96 1.51, 2 54
RAINY SEASONY 32.3 1.24 0.96. 1.62
RAINY + POSTRAINY SEASON * 65.2 1.52 1.15, 2.01
MATERNAL SYPHILIS INFECTION ** 2.6 2.17 0.99. 4.73
(VDRL & MHA-TP SEROPOSITIVE)

MATERNAL HIV INFECTION * 7.8 1.63 1.08, 2.47

Because of

*Lactoes assoctated with imcrcased riskh of EBW i univariate analysis (when adjusted for gravidity groupmgs o 1or -2
adjustiment tor gravadity . gravidity and age ( highlv correlated with gravidity ) were not examined e this analysis

*Used chloroquime prophylasas™ and materaal svphilis intection were barderline significant

T Characterstios of women enrolled tor 6 weeks, recciving all doses of antmalacal drag and delivering . liveborn singleton infant with
hnown berth werght Except where noted. the reference group for compaeison is those women without the chrag reristic

P sacrocconomie status detined In surre pate meastres of four houschold construction characieristios; fow sociocconomic status was defined

as bt four characterstios at the lowest grade

* Reference group for womien using chloroguine was women using netloquine
d

Sedsenis were grouped as runy ClamiaryApal), postrainy (M av- August ), and dey (September-Deceniber)
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Multivariate analysis

To determine the strongest predictors of LBW, we performed amultivariate analysis and fur-
ther examined the maternal and infant characteristics described in the adjusted univariate
analysis. In addition to the known cffects of birth order and female sex, placental and umbilical
cord blood malaria infection, low maternal weight (Iess than SO kgs) at first ANC visit, and mater-
nal HIV infection were associated with LBW (Table 23).

Table 23 Maternal and infant characteristios associated with low birth weight in a multivariate
modcel, MMRP, [987-1990.

i[FlRST BIRTH* 33.9% 4.46 2.77.7.16
UMBILICAL CORD MALARIA INFECTION 7.3% 1.76 1.06, 2.92
PLACENTAL MALARIA 22.1% 1.39 0.97, 2.00
ENROLLMENT MATERNAL WEIGHT < 50 KG 23.6% 1.90 1.41, 2.55
FEMALF BABY 50.2% 3.02 1.96, 4.64
HIV SEROPOSITIVE 7.8% 2.56 1.43, 4.58

*The reference group tor first births s hirth order -2

Because umbilical cord parasitemia and placental parasitemia are highly corretated and their
prevalence differs, we reexamined the model without umbilical cord blood parasitemia as a
variable, Whereas risk estimates for the other variables were essentially unchanged. the odds ratio
for placental malaria increased to 171 (95% Cl= 1,27, 2.32; p=0.005) and rainy and postrainy
sciason entered the model (OR = 140, 95% CL= 103, 1.90) (p=0.0323). As described in carlier
scctions, umbilical cord blood parasitemia is correlated with density of placental infection, and
the frequency and density of infection are highest during, the high malaria transmission sc¢ason
(rainv and postrainy scason ).

We further examined the role of antimalarial drug use in pregnancy and its role in LBW pre-
vention, Because antimalarial drug use was an important predictor of umbilical cord blood and
placental malaria, we generated a model in which placental and umbilical cord malaria infec-
tions were replaced with CQ use (vs MQ use) as the exposure of interest (Table 2-0). In this
model, CQ use compared with MQ use was identificd as a significant risk factor for LBW, sug-
gesting that, indeed, effective maliaria prevention is important for the reduction of LBW,
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Table 240 Maternal and intant characteristios (examining antinudarial drag use ) associated with
loss birth weight in a moltivariate model, MMRP, 1987 1990,

FIRST BIRTH" 33.99% 5.08 3.23. 7.99 x
CHLOROQUINE Usg® 72.9% 1.38 1.02, 1.87
ENROLLMEINT MATERNAL WEIGHT © S0 KG 23.6% 1.83 1.38, 2.42
RAINY AND POSTRAINY SEASON 65.2% 1.46 1.09. 1.95
FEMALE BABY 50.2% 2.84 1.88. 4.30

HIV SEROPOSITIVE 7.8% 2.61 1.46. 4.64

llu reterence groap o st bicths s bicth ordee greates than o cqual 1o two

T he reterence group tor wonien who recened chlorogquime was women w o recen ed mellogquine

When both placental intection status and antindarial drug use were examined in the same
modcl. plicental infection was a stronger predictor of LBW (OR = 1,59, C1= 1.14-2.19) than
CQEOR - L 12.CH-0.81-1.55). suggesiing that the effect of antimalarial drag use on LBW
occurred through its effect on placental infection,

Summary findings:
m
The mean birth weight of babies born in the hospitals and clinies in the study was 2905 grams (SD

© A9 grams), and 16.6% I« TBW. In the multivariate analysis, birth order was the strongest pre
dictor of LBW (OR -4.66, (. --2.91-7.44).

In univariate analyses adjusted for birth order, factors associated with LBW were short mater-

ual stature, low maternal weight at envolhnent, maternal HIV injection, maternal syphilis infection,
enrollment during higl transmission season, female sex of the infant, malaria infection of the umbil-
ical cord blood, malaria infection of placental blood, and use of CQ compared with MQ for maolaria
preveation. Iu the multivariate analyses, birth order, low maternal weight at enrollment, season,
Jewmale sex of the bahy, HIV seropositivity, and wmnbilical cord blood malaria were associated with
LBW; placewtal malaria ways horderline siguificant. The association between LBW and wmbilical
cord blood iufection has not heen previously examined in other studies and is further evaluated in
the following section on prematurity and [UGR.

Use of a less-thau-optimally-cffective antimalarial drug (CQ) was associated with LBW; this associa-
tion is believed to be due to CQ's poor efficacy in clearing placental malaria.
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F. PREMATURITY AND INTRAUTERINE GROWTH RETARDATION

The two causes of LBW are prenturity and 0GR, Infants born prematurely (2237 complete
weeks of gostation ) frequently weigh Tess than 2500 grams because they are born betore they
achieve their term birth weights Intants with TUGR are born at term but weigh less than 2500
grams because of indequatte nutrient transter across the placenta, LBW may be due o com-
bination of both prematurity and TUGR: however. tor the subsequent analvses, we categorized
preterm infants with birth weight - 2300 geams as preterm-LBW and terny infants with birth
weight - 2500 grams as [UGR-LBW

We examined the role of malaria infection and malaria prevention on gestational age and birth
weight and examined other risk fiactors tor preterm-LBW and [UGR-LBW in the population.

Overll, 6.9% of singleton liveborn babies were preterm: the mean birth weight in the 121
preterm infints was 2205 grams (* 1006 grioms), ranging from 1340 to 3350 grams: 82.6% of
these, or 3.70% overadl, were preterm-LBW. Among the 1023 term infants, the mean birth weight
wits 2908 grams (* 102 grams ) Their weights ranged from 1701 to 0150 grams, and T
were IUGRAEBW. Among LBW singleton Tiveborn babies, 30% were premature, and 04 were
IUGR.

Characteristics associated with preterm-LBW and IUGR-LBW

In univariate analvses, factors associated with preterm-LBW were fiest birth, placental malaria,
umbilical cord malaria, short materoal stature, low maternal weight, enrollment in the rainy or
postrainy scison, low nuternal age. maternal syphilis, and fenule sex of the infant. Factors
associated with TUGR-LBW were fiest birth, placental malaria infection, malaria parasitenia at
corollment, short nuiternal stature, low nueernal weight, rainy scason, low maternal age. and
fenuale sex ol the intant (Table 25) Low sociocconomic status and low ceducation level were
not associated with inereased risk of cither preterm-LBW or IUGR-LBW. Although HIV scero-
positivity was identiticd as arisk factor for EBWS overall, it was not significantly associated with
an clevated risk in the univariate model tor cither IUGR-LBW or preterm-LBW,
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Table 25, Association between nmaternal and infant characteristics and low birth weight due to
intrauterine growth cetardation (IUGR)Y or prenuitariey inaounivariate analvsis,
MMRP, 1987-1990,

[

o ‘IN'TR‘AUTERIN'E'GRO'WTH . 'PR:aA'rum:rv'

‘ T PREVALENCE - ‘“RE_TARDA‘TION. A R ;
CHARACTERISTIC? . U 95% C.I. _OR 95% C.l.
MATERNAL AGE . 19*,** 26.4 2.33 1.70. 3.19 1.80 1.24, 2.60
FIRST BIRTH* ** 33.9 2.55 1.87. 3.47 2.42  1.69. 3.45
MATERNAL WEIGHT *.50 KG*,** 23.6 1.85 1.33, 2.57 1.91  1.31,2.78
HEIGHT <. 150 CM*,** 13.3 1.52 1.02, 2.28 1.60 1.01, 2.53
NOT LITERATE 66.5 0.95 0.69. 1.31 0.76 0.53. 1.09
Low SOCIOECONOMIC STATUS" 63.4 0.95 0.69, 1.31 0.82 0.57. 1.18
HEMATOCRIT ~.25% 5.7 1.33 0.71. 2.50 1.46 0.71.2.98
HEMATOCRIT * 130% 18.7 1.10 0.73, 1.64 1.34  0.84, 2.11
DELIVERY HEMATOCRIT ~.30% 13.3 1.09 0.63. 1.87 1.16 0.65, 2.06
ENROLLMENT MALARIA* 45.2 1.40 1.03, 1.91 1.25 0.88, 1.78
PLACENTAL MALARIA®, ** 22.1 1.97 1.40, 2.77 1.87 1.26, 2.78
UMBILICAL CORD MALARIA* ** 7.3 2.01 1.22, 3.31 2.71  1.59,4.60
USED CHLOROQUINE® 72.9 1.34 0.92, 1.95 0.81 0.55.1.19
FEMALE INFANT*, ** 50.2 2.09 .52, 2.89 1.61 112, 2.1
RAINY SFASON*Y 32.3 1.40 1.02, 1.92 1.23 0.85, 1.78
RAINY & POSTRAINY SEASON**¢ 75.6 1.04 0.72, 1.49 2.02 1.23,3.33
SYPHILIS** 3.1 0.37 0.09, 1.55 3.49 1.69,7.22
HIV INFECTION 7.8 1.44 0.87. 2.41 1.57 0.87, 2.82

* Characteristios that are significantly associated with an mcreased rish of [UGRLEW

** Characteristios that aee signiticanthy assocated with an nercascd risk of preterm-LBW

tCharactenisicos of women enrolled for -6 weeks, recen g all doses ot antimalanal drug and delisering a fiveborn singleton intant with
known birth waight Except where noted. the reterence group for comparison s those women without the characteristic

P sacioeconomic status detined by surcogare measures of tour houschold construction churacteristies, low SOCHOCCONOMIC STItus wils
detined as all tour charactedistios at the Towest grade

¢ Reterence group tur women using ¢ hlorogquime was women using metloguime

T seaons were grouped as rainy Clnwaes Apeil), postramny (Say August ), and dry Sseptember-December)
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The contribution of placental malaria to IUWGR-LBW and preterm-LBW within birth order groups
is shown in Figure 24 These data suggest that the incidence of preterm-EBW and [UGR-LBW
is higher in women with placental malaria infection than in women without placental malaria

intection,

Figure 24 Incidence of preterm-LBW and intrauterine growth retardation (1UGR)-LBW by
placental malaria infection and birth order, MMRP, 19871990,
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In the above stratiticd analvsis of preterm-LBW and IUGR-LBW, which shows an association with
placental malaria infection within birth order groups, the power of the analysis was limited by
low numbers in certain groups, Because ol these limitations, further evaluation ot the relation-
ship between placental malria infection and TUGRAEBW and preterm-LBW was carried out in
the Larger group o all mothers and habics born in study site hospitals during the time of the
study . As noted in the description ef methods (Scection IVEDL all women and their babies were
examined in the same fashion ac the time of delivery,

similar findings of an assoctation between placental malaria infection and both 1IUGR and prematu-
rity were seen in the Lrger group of all women delivering ac the study facilities, regardless of
corolliment in the study (Figure 25).
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Figure 25, Incidence of preterm-LBW and intrauterine ;.,rm\lh rctardation (1UGR)-LBW by
placental malaria infection and birth order, in both women carolled and not
enrolled in the study and their babics, MMRP, 1987-1990).
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Multivariate analysis

To determine the strongest predictors of preterm-LBW and 1UGR-LBW, we performed a multi-
variate analysis and further examined the maternal and infant characteristics associated with
preterm-LEBW or IUGR-LBW in the univariate analysis (Table 26). Characteristios associated with
preterm-LBW were first bicth, jow nuternal weight, female sex of the newborn, maternal
reactive syphilis serology. and malaria infection of the umbilical cord blood. Phicental malaria
infection did noi remain in the final model for prematurity: however, it the umbilical cord
blood infection variable was withdrawn from the model, plicental nalaria was borderline signifi-
cant with i Lao-fold increased risk for prematurity (OR = 116, CL - 0.94-2.28. p ~0.090),

and the variable rainy and postrainy scason staved in the model (OR =192, Cl— 1.0 1-3.53,
p-.030)

Characteristios associated with [UGR-LBW included first birth, placental malaria infection, low
maternal weight, and femade sex of the baby.
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Table 26. Risk factors associated with preterm-LBW and IUGR-LEW in multivariate modcls tor
women cnrolled in the study, MMRP, 19871990,

PRETERM-LBW ' IUGR-LBW

| 95% S es%
’ ., C ONFIDENCE .. ' L CONFIDENCE
.'CHARAC‘TE.R«ISFTIC ' - oDDs. RATIO «le'Ethg.‘s'v"-_ QDB'S.tRAfI.O INfERVALS :
FIRST BIRTH 2.01 1.32. 3.06 5.22 2.83. 9.64
UMBILICAL CORD MALARIA 2.20 1.21. 4.01 ’ .
PLACENTAL MALARIA ‘ ' 1.70 1.19. 2.43
MATERNAL WEIGHT © 50 KG 1.80 1.17,2.78 1.73 1.22, 2.44
FEMALE BABY 1.69 .11, 2.57 4.57 2.56,. 8.15
SYPHILIS 3.62 1.64, 7.96 * '

CVariable aor sauicant o the muoltivacate model

To evaluate the role of antimalarial drug use in malaria prevention and the risk of preterm-LBW
and IUGR-LBW, we included the variable CQ compared with MQ in the model in place of
malaria infection of the placenta and umbilical cord blood. Poorly cffective malaria prevention
with CQ was not associated with preterm-LBW (OR = 0.90, CI=0.58-1.38). However, when the
placental malaria variable was repliced by the CQ-use variable, CQ use (compared with MQ use)
was significantly associated with [CGR-EBW (OR = 1,63, €= 1.10-2.29). If both placentad
malaricand CQ use were included in the model. placental malaria remained significantly associ-
ated with ITUGR-LBW and €Q usc did not, suggesting that the cffect of the antimalarial regi-
men occurs through its ctfect on placental infection,

Because previous studies have not implicated maternal or fetal malaria infection as a contribu-
tor to prematurity, we examined this celationship further. In the above model (Table 26), umbil-
ical cord blood parasitemia was associated with preterm-LBW, but placental malaria was not,
When umbilical cord malaria was replaced by placental malaria as the exposure variable of
interest, placental malaria was associated with an clevated risk for preterm-LBW: however, this
was not significant (sce above ).

The Targer population of all pregnant women delivering at study hospitals, regardless of their
cnroliment in the study, was then examined. In univariate analyses, among these 1972 women
with full information avitiluble.” both cord blood parasitemia (OR = 1oy, Cl— 11187 and
placental malaria infection (OR — 1,26, CL— FO4- 154 ) were associated with LBW, In the
multivariate models for preterm-LBW., cord blood parasitemia in all pregnancices and placental
infection in primigravidas were associated with premturity (Table 27),

TV aned syphilis serologic test results were available onfy for women enralled in the studs.
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Table 270 Risk factors associated with preterm-LBW in multivariate models for all women
delivering in study site hospitals, (N = 4972), MMRP, 1987-1990.

I o _PREVALENCE - 95% CONFIDENCE
‘CHARACTERISTIC* '~ " %) | ODDS RATIO INTERVAL
FIRST BIRTH" 25.1 t.89 1.39. 2.58
UMBILICAL CORD MALARIA 9.3 1.72 1.24, 2.36
MATERNAL WEIGHT * SO KGS 10.0 3.05 2.12, 4.39
HEMATOCRIT - 30% 8.7 1.66 1.21, 2.26
FEMALE INFANT 48.3 1.55 1.26. 1.91

Shore imatcenal statiee was bordcrne signbicant an the tob models CcOR 129 €1 099 1670 ats i tosien i the il miesdel did
sl senthcantly alter the rish ostineates tor the othor sarables

" e rereronc group tor this varable swas 2 bith 8 st order iteracton teem whe e s signihicant m the lnal miodel was
wentihed tar iesthorns woli placantal mabara $he rerm tirstborn placental nalana acted as omutnphicr €138 935 of ol 247y

o the odds vt tor the combination of those two comditions The sarnihle plicental mulaa i 200 prognanc s swas not wdentitied

avesgiticant ntoracnon weeneassocned waboan clevated rsk gor pretcom TN conddupher i the mode! tor Placontad ol -2

pPregndnics Lo ol 072} 50y

Attributable risk of malaria to LBW

Because LBW nuy be caused by or associated with multiple factors, it is important to establish
the amount of LBW that can be accounted for by a given risk factor. The proportion of LBW
(cither preterm-LBW or TUGR-LBW)) that can be attributed o the effect of malaria on the preg-
nant wonun can be estimated using the prevalence of phicental oc umbilical cord blood malaria
infection in the population and its associated risk estimate. Population attributable risk esti-
mates lfor LBW overall range from S.5% tor umbilical cord blood parasitentia to 13.0% for pla
centad nularia intection. With o placental infection previdence in the popultion of 220 and a
risk estimate of approxinutely E7approximately 13% of IUGR-LBW in this population can be
attributed to placental malaria. The estinited population attributable risk tor umbilical cord
blood parasitemiat and preterm-LBW was 8.19% in women enrolled in the study and 6,35, in the
larger population of all women.

Summary findings:

In this study population of babies delivered in hospitals, the frequency of premature-L.BW was 5.7%
and the frequency of IUGR was 11.1%,

Data from analyses of babies born to women in the study and of babies born to all women (in-
cluding women in the study) in stndy site hospitals showed that factors associated with preterm-
LBW were first birth, low maternal weight, maternal anemia, female infant, maternal sypliilis
infection, malaria infection of the umbilical cord blood, and malaria infection of the placenta in
primigravidas only.

Factors associated with IUGR-LBW in the study population were first birth, low maternal
weight, female sex of the baby, and placental nalaria infection.

Overall, we estimate that between 5% and 145 of LBW in thix population can be attributed to
malaria infection of the placenta or umbilical cord blood.
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G. DISCUSSION

The MMRP investigation was destgned to examine the efficaey ofantinalarial teciiment and chee
moprophyLisis i reducing the trequeney of LBW in babices bornin an arca ot high makaria
transmission Pregnant women were envolled at their tiest antenatal clinic visit, placed on cither
CQ (having limited eticacy i parasite clearance. bhut matiional policy in Mk o) or MO Chighlhy
cltficacious agnst the parasite ) and tollow ed unnl delivers

An exantimation at corollment of women partcipating in the study demonserated that ahigh pro-
portion of the women were parasitentic 3% overadl and 677 of primigravidas )y and that the
characterisiies of women i the different treatment groups were similar: Ingenerall the women
were voung, had short stature, swere poorand hud ow rates of iteracy - similar to women

in much of the regron m sab Saharan AMoca Ancmint acove matermal ssplahscand TN anled
tion were wdentticd mthe population. and although they were not bughly prevadent conditions,
they were potentuldly important contributors to adverse pregnaney outcomes

Evalugtion of the women at tollow up visis and at delivery demonstrated that €Q had poor cti-
ey i claearing parases or keeping s oman free ot parasites in contrast. MQ o was contirmed
to he ighly ettecon e agaunst the parasite. At delivers o materd pernipheral Blood parasitemia was
tfrequent enough c 138000 as were placental blood ¢ 19970 ) and umbilical cord blood parasitemii
(7 1), o adlow tor the evaluation of the role of maltea and birth outcomes - FRW and s

ciuses, prenaturiy, and 1 GRTow birth weight due to prematurts was identtied in 570

ol the women and IWGR i T

In o mudoiariate analysis, umbihical cord and placental blood itection with /' falciparion were
shown to be important Lactors assoviated wieh LBW - prematuriey. and 1UGR The finding ot an
association between placentl malarny intection and LBW has been presiooshy desceibed by mam
investigators (2 Results of this study showed the same association and. on the basis of our mul-
tivarie models, we can state that nudaria mtecton in pregnancy nus account lor between '
and 1 of LBW in this population.

Placentd mtharia intection has been thought to contribute to LW through s contribution to
1L GR.and our tindings support this. From our multinvariate models and the prevalence of placen-
tal makiria milection i the population, we ostimate thiat approsmutely P35 of ILGRLBW in
this population can be attributed to placental malaria The mechanism by which placental
madaria intection contributes to 10 GR s not tally understood. 1t s presumed, however, to be
duc to a reduction in nutrient Coxyvgen or sugitr ) transport to the tetus, crased by amechanical
blockage arising trom tuchening of trophoblist basement membrane or by increased nutrient
use or poor nutrient tanster trom the parasitized red blood cells sequestered in the plicenta.
Inany case. the mechamsm leading to 1THGRLBWY appears to occur in the placenta

In addition to the assocition benw een placental nudarse and 1CGRAEBW O we have identificd an
association hetw een o mualirst pavasite itecnon of umbilical cord blood and premuature deliv-
ey of the infint. On the basis of the maodels examining women in the study and maode s exam-
ining all women delivering in study hosprials, we estimate that 370 of preterm-ERW deliver-
ies in this setting G he explamed by nudaria mtection i umbitical cord (tetah) blood. In
addition, the Larger of the two modeds Capproxinatels S000 mather-inknt pairs ), shows that pha-
cental makaria intection i prinvigravidas may contreibute to preterm- LEW - Together, umbilical
cord blood nutlaria and placental infection in prinngravidas may account for as much as 12% of
preterm-LBW in this popubation.
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The biologic mechanism by which transplacental passage of malaria parasites might contribute

to prematurity is unknown. Other pathogens (c.g.. Treponema pallidion ) are known o infect fetal
blood and arce also associated with prematurity; consequently, the stress of fetal infection with

malaria may lead to premature delivery as it does with other microbial agents.

Finally, we demonstrated that, compared with women who used MQ, women who used €Q
were at increased risk for delivering LBW infants. Both placental infection and umbilical cord
blood infection were reduced markedly in women treated and given prophylaxis with MQ: the
multivariate models saggest that the higher visk of LBW among women using CQ or the improve-
ment of birth weight among women using MQ was direetly due to the drug's effect on clear-
ance of placental and umbilical cord blood infections.
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Vil. MMRP RESULTS: MATERNAL ILLNESS DURING PREGNANCY

A. FEVER AND PARASITEMIA

Maternal illness during the carly months of pregniney was assessed at the time of enrollment.
In addition, pregnant women were asked at cach follow-up visit about symptoms since the last
visit (Section VD).

Maternal illness prior to enrollment: Fever prior to enrollment wis reported by 1048 (2:4.9%)
women; 633 (004 ) of these women reported two or more previous episodes. Among women
reporting fever, 39 (70.5% ) reported tiking @ deug to treat the episode: 4102 (38.4%) reported
tking CQ. and fewer than 1% reported tiking any other antimakarials Camodiaguine. SPOMQ,
or quinine ). Among women at carollment, 32 (- 170 reported taking CQ prophylhxis prior to
enrollment. and only 9 women reported tiking two tablets of CQ weckly prior to enrollment;
others used different numbers of tGiblets or different frequencies.

Women who were parasitemic at enrollment weree no more likely to report having had o tever
( 204% ) than aparasitemic women (25.4% ) Howevero women sith higher density parasitemia
were more kely o have reported fever than women with no parisites or those with low den-
sty parasitemia (Table 28)

Table 28 Reported fever at enrollment by parasitemia levels in pregnant women. MMRP,
1OR™- 1990,

(PN

e Low © MEDIUM. " HIGH S
. NONE ' i(1-999)" (1000-9999) ' (>10,000) . TOTAL
I R O PR '».‘.- S T T e
TOTAL NUMBER OF WOMEN: 2289 962 196 98 4116
REPORTED FEVER(%) 25.4%, 21.4% 25.6% 44.9% 25.0%
Chesguare tor trend trome low to Taghy parasstenmsa 19 p 1o N

Although the density of parasitemia was associated with the likelihood of i woman reporting,
fever prior to enrollment. only 4% of women with high density parasitemia reported fever.

Hiness in women during pregnancy follow-up: During the follow-up period. despite the high pro-
portion of women who remained or became parasitemic, few women reported fever or other
symptoms ot makaria.

Women who delivered in the hospital were asked at the time of delivery it they had experi-
enced a febrile illness during the pregnancy. A total of 570 (25.7% ) of the 2221 delivering in i
hospital reported fever during their pregnancy: they reported atotal of 727 febrile episodes or
1.3 episodes per woman with reported fever. Women were more Hikely to report fever during
the titth 1o ninth month of gestation (18,3 on average ) than during carlicr months (9.0%

on average y: however, this may have been due to reaadl bias, with women less likely to remem-
ber fevers that occurred in the more distant past.
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Febrile illness near the time of delivery: Fever in the 2 weeks prior (o delivery was reported by
130 (6.1 ) of the 2221 women delivering in the hospital, Reported fever in the prior 2 wecehs
did notvary sigsificantly with scason. Compared with apariasitemic women (6.0% ). women with
peripheral parasitenmia i the time of delivery (9.1% ) were more likely to ceport fever in the pre-
vious 2awecks (po 0.05) however, the frequeney of reported fever was low in both groups and,
compared with women with lower density parasitemia, women with higher density parasitemia
were no more Lkely to report recent feyer,

Summary findings:
mmm
Feb: » dlness during pregnaney (during the previous 4-3 months on average) ways reported by
approximately 25 of women at the time of their first ANC visit; fever was reported by approxi-
wately 6% of wowmen in the 2 weeks prior to delivery. However, only in the approximately 2.5

of women who had high density parasiteniia was reported fever associated with malaria. Thaus, febrile
illness was not a good predictor of whicli women were parasitemic. Severe wmalaria illiess was rare
in this population.,

%

B. MATERNAL ANEMIA

Women's hematologic stitus was evaluated at enrollment and at delivery, Anemia, defined as
ahematoerit - 307 was observed in 09 (1944% ) of 3657 women tested at enrollment (Figure
2000 225 (6.2% ) women had chematocrit = 25% e enrollment,

Figure 26, Hematocerit distribution at enrollment for women in the study . a MRP. 19871990,

Number of women (N 3740)

1400 } . e e e

1200 -« -« - oo e . .

1

19 4% with ancmia
(Hematocrit  307¢)

800 AR . ‘v ...................

1000

600

6 2% with anemnmuia
{Hematocrt  257.)
-

ao0b - T T

200 |- - SR ! . ...........

10- 15- 20- 25- 30- 35- 40- 45- 50 +
Hematocrit

Overall, maluria parasitemia at the time o enrollment wis associated with significant ditter-
ences in the proportion of women with hematocrit = 30% or in mean hematocrit: the propor-
tion of women who were anemic inercased and their mean hematocrit decreased with inercas-
ing parasite density (Table 29,
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' PARASITEMIA:" . ' Low " ' '_ﬁl-:nlum' " HIGH ,

(PER MM> OF BL.OOD) NONE  (1-999) (1000-9999) (%10,000) TOTAL
TOTAL NUMBER:! 2033 851 693 86 3663

ANEMIA (HEMATOCRIT = 30 18.3% 18.2% 22.1% 33.7% 19.4%
%o

MEAN HEMATOCRIT (SD" 33.8:5. 51 33.5.:5.6» 32.7 453 31.616.2y 33.515.7)

FCh square tor tond teesn none to lugh lovel ot pacasiteme 1o e pooonone

)
Iiterone s Dot eon oeans aiisng The CHegonos ofF Patastiomiiie Woricn sere siginhieant p (RS

Other matermtl characteristios were examined for a possible association with ancemiz at coroll-
nent: parity, age, sociocconomic status, cducation levell heightimd weight. scason. history of
fever, infection with svphilis (active or not), and infection with HIV, Characteristios that were
independently and significandy associtted with anemin were low parity, low age. HIV infection,
and cnrollment in the dry or rainy scason (Table 300,

Table 30, Maternal characteristics associted with anemi at enrollment. MMRP. TOE7T- 19940,

" HEMATOCRIT
- 7. NUMBER .

_CHARACTERISTIC - - .- NUMBER |

GRAVIDITY
1 1185 270 228
2 BB 177 (197 0.0005
-3 1656 280 116,91
ToTaL 3739 727 119.4)
AGE (YEARS)
14 29 7 1241
15-19 1228 268 121.8)
20-24 1017 210 (20.6)
25-29 684 105 115.4) 0.003
30-34 459 72 115.7)
‘35 236 50 121.2)
ToTAL 3653 712 119.5)
SEASON
RAINY 1476 316 121.4)
POSTRAINY 971 132 (13.6) 10 ¢
DRY 1293 279 (21.6)
ToTAL 3740 727 119.4)
HIV INFECTION
POSITIVE 264 63 (23.9)
NEGATIVE 3397 641 (18.9) 0.047
ToTaL 3661 704 119.2)

C P value deternned Trom chie square 1es
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Hematologic status at the time of delivery was examined in 13360 women who were followed
throughout pregnancy. were dosed properly with wetimalarials, delivered liveborn singletons

in the hospital, and had their hematocrit measured prior to dedivery. Of these women, 3.9 had
a hematocrit ~-25% and an addrtional 9.3% had a hematocerit between 25% and 29%. Materual
parasitemia or placental malaria infection wis not associated with anemia: however, the previe-
lenee of anemia and parasitemia may have been reduced by their use of malaria prevention
measures. We also examined women not enrolled in the study but delivering in the same facili-
tics as women in the study in the same way for anemia and parasitemiit no significant associ-
tion was found hetween peripheral or placental parasitemia and anemii In these 1602 para-
sitemic and 351 aparasitemic women, 9.2% and 8.2% were anemic, respectively (p=0.20),
Thus, while parasitemia may contribute to anemia in some pregnant women, it is only one of
a number of contributors to anemia in pregnant women (c.g. plasma volume expansion, iron
and folate deficieney). However, the association beoween anemin and preterm-LBW in the mul-
tiviriate models (OR 106, Table 27) suggests that prevention or ninagement of anemia may be
important to reduce preterm-(LBW.

Summuary findings:
M
At the time of enrollment, anemia (het - 30%) was seen in 19.4% of women and severe anemia (het
~25%) in 6.2%. At the time of delivery, auemia was seen in 13.2%, and severe anemia in 3.9%.
Anemia was associated with malaria parasiteniia at enrollment, but ouly in those with medinm or
higher density parasitemias (1000 parasitesimm’ of blood). Anemia was also more common in pri-
wigraviday (and younger women) during the dry and rainy season aud in IV v women.

Maternal and placental malaria infections were not associated with anemia at delivery. Thus, in this
population where all women received an antimalarial drug (even though CQ had low efficacy in
clearing parasitemia), malaria could not be linked to anemia at delivery; severe anemia at delivery
was relatively uncommon.

The mild increased risk of preterm-LBW associated with anemia (described in Section VIF. ) sug-
gests that management or prevention of anemia in preguant women may he important. Currently,
other causes of anemia appear to he more important than malaria.

C. MATERNAL EXPERIENCE WITH ANTIMALARIAL DRUG UsE

Women were questioned about symptoms occurring, between cach tollow-up visit. Mothers' com-
plaints were examined o determine adverse effects that might be associated with the use of
the antimalarial drug, For the purposce of this analysis, reported side effects were taibulated for
two periods: D after the fiest tecatment dose of the medication (note that regimen C did not
include an initial treatment dose) and 2y atter the fourth dose of chemoprophylaxis (note that this
corresponded to the second treatment dose for regimen B, Figure 27 shows that among 4101
women with initial follow-up and 2976 women with follow-up after -+ weeks, approximately
O60% of women receiving a treatment dose of antinlarial drug (cither COQ or MQ) reported side
cffects. After prophylactic doses of cither GO or MQ. tewer than 30% of women reported side
cttects. Rates of reported side effects were similar for the two drugs.
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Figure 27. Reported side effects fotlowing antimalarial drug regimens, MMRP.T987-1990.
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The majority of complaints associated with antimalarial drug use involved itching, dizziness, and
gastrointestinal disturbances (Figure 28). All other complaints (c.g., weakness, heart palpitations)
were included in the category “other.”

Figure 28. Type of side cffects reported following antimatarial drug regimens, MMRP,
1987-1920.
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First trimester antimalarial drug use: Most of the women in this investigation were enroled in
the seeend and third trimesters of pregnancy caly. Fourteen women treated with MQ and 53
women treated with CQ were enrolled during the fiest trimester; consequentiy, this study pro-
vides litde information regarding the ctfects of antimalirial use in the fiest trimester of
pregnaney. Wherc tiest rimester drug ingestion occurred. no adverse outcomes were identi-
ficd in the MQ group: one baby was delivered breech, all babies with anown birth weight were
normal birth weight, and the mean birth weight was 3009 grams. One stillbirth occurred in the
CQ-treated group (macerated fetus following delivery by cacsarian section). One set of twins
was born in this group (birth weights of 2110 and 2120 grams ) no other abnormulitics were
noted.

Although very few fetuses were exposed to MQ or CQ in the first trimester in this study. there
wis no evidence of abnormality that might be attributable w antinuadarial drug usce.

Summary findings:
m
Women were equally likely to report side effects of CQ and MQ and were more likely to report these
events after an initial treaunent dose compared with low dose chemoprophylaxis.

No adverse effects on thie fetux were xeen wilen women used CQ or MQ iu the first trimester;
however, few women were earolled that carly in their pregnancies.

——mm——
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D. MATERNAL MORTALITY

[

Of the 1220 women initally enrolfed in the MMRP, 33 ¢ 1%y were not pregnant.and 13 4(3.2%)

were lost to folow-up during pregnancy. resulting in 1053 (0% ) women for which delivery
information is known, At some time during the period of the study, 27 women were known to
hive dicd. Three women € 1100 dicd during the antematal periodsand 12 Cretoy died within 0
weeks of delivery. The deaths occurring during this time frame are classiticd as maternal deaths.
The remaining 12 (1) women dicd benween 3 and 10 months after delivery.

Among these 1053 women, 1S maternal deaths occarred. resulting in e nacernal mortaliny rate
ol 370 per 100,000 women. Women were generally enrolled in their second or third trimesters,
so mortality carlicr in pregnancy was not determined and the maternal mortdity rate must,
therctore, be considered o fow estimate. Because the nunther of women at risk for maternal
deith (e, the number ol all pregiant women in a population) is often not known. the mater-
nal mortality ratio Cnaternal deaths pee T00.000 live births ) is often reported. The macernal mor-
Glity ratio among women in the MMREP wis 15 3922 or 382 per 100,000 live births,

Causes of maternal deaths (Table 31): Three of the S naernal deaths occurred in the antepag-
wm period: the cause of death is known for oy one and was reported s severe anentia, The
four women who dicd within 21 hours of delivery all had home deliveries. Two of these
women were reported to have had cither antepartum or postpartum hemorrhage: the cause of
deathy was unieported tor the other two women, but wis assumed 1o be delivery -refated. OF
the 6 women who died within 7215 davs of delivery, only one delivered athome. The condi-
tion of the ather five women it the time of admission to the health tacility is not known. The
cause of death was reported tor two of these siv women: one had sepsis tollowing aretained
plicent and the other had o ruptured aterus with twin pregnancy. These two women were
able 1o survive the acute hemorrhage at the tme of delivery but then saccumbed o sequelae.
Two women who dicd in this period were IV © L but it is not known it the cause of their deaths
wis HIV-related. Two women died T month atter dedivery. Symptoms near the time of death are
reported for one: severe headache, scizares,and paralysis ter 15 days prior to death, compati-

ble witl an colampsia-related stroke.
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Of the 88 women with multiple births (twins or triplets), 2 died within the maternal mortality
period resulting in @ maternal mortality rate of 2273 per 100,000 women with multiple births.
This rate is ~ times the mortality rate of women with singleton births (13 per 3962 or 328 per
100,000 women).

Nonmaternal deaths (Table 32): T'welve women dicd 3-10 months after delivery. 1t is difficult
to determine the number of women who were at risk for death during this time period.
However, if the number of infints with known outcome at the end of a vear is used as a proxy
tor the denominator, the mortatity rate for these women is 1.2 3949 or 304 per 100,000 women.
This ritte is sueprisingly similar to the maternal mortality rate. Although cause of death is not
reported for 11 of the 12 women, ™ women were HEV L and this most likely contributed to
their death.

Table 320 Deaths in women in the study more than 6 weeks post delivery (nonmaternal
deaths), MMRP, 1987-1990.

CECIE R - L R T T )

o s oot oot ’ ) L e
HivV . 'TiM_E/P“CE OF DEATH ' GRUSE OF, -} OUTCOME

- PREGNANCY

AGE - RUMBER/LIVING®. .. ST " AFTER'DELIVERY ~  'DEATH ' OF INFANT -

Ly R A T . . R N . : oo ey

1 18 10 NLG 3 MONTHS ? UNKNOWN  DEATH DAY 231

2 20 t O PO 4 MONTHS ? UNKNOWN DEATH DAY 109

3 29 42 NEG S MONTHS? UNKNOWN  SURVIVED

4 23 10 Pos 5 MONTHS ? UNKNOWN DEATH DAY 220

) 30 20 NEG S MONTHS ? UNKNOWN DEATH DAY 9

6 24 42 NeG 6 MONTHS:? UNKNOWN  DEATH DAY 178

7 16 10 NEG 8 MONTHS ? UNKNOWN  SURVIVED

8 18 1.0 Pos 9 MONTHS? UNKNOWN  DEATH DAY 342

9 31 63 PoOs 9 MOMNTHS? UNKNOWN  SURVIVED

10 23 1.0 Pos 9 MONTHS ? UNKNOWN  SURVIVED

1" 18 1:0 PoOs 10 MONTHS ? UNKNOWN DEATH DAY 349

12 19 21 Pos UNKNOWN-AFTER 3 AIDS DEATH DAY 88
MONTHS

* Curreot pregnaney namber and number of chiddren trom carliee pregnances wno were sall alive

Impact of death of mother on infants: Mortality among infants of mothers who died was high.
Only 6 children born to mothers who died survived the follow-up period. Of the 244 liveborn
children, 4 (17% ) died before the mother died. 5 (21% ) died about the same time as the mother
during the 3-10-month period atter delivery, and 9 (38% ) dicd well after the mother, Only 1
of the 9 children who died long atter the mother's death was born to an HIV H woman, so the
deaths of these 8 HIV- mothers may have stronghy contributed to the subsequent deaths in these
infzats,

Risk factors for maternal death: One of the constraints to identifving risk factors for maternal
deatiy is the liege somple size necded. In this study, more than 4000 women were followed
from the Last trimester of pregnancy to more than o vear after delivery, When maternal age, preg-
nancy number, and place of birth were examined for association with death of the women, no
associations were found. T is possible that there wits no true association, but it is more likely
that the study did not have cnough power to identity an association: sufficient power would
onlv b achieved with a sample size of more than 10,000 women,
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fmpact of HIV infection on mortality: NIV scrologic results were available for 260 of the 27 women
who dicd. HIV infection was strongly associated with death among the women in the non-
maternal period of more than 5 weeks o 1 year post delivery COR - 17.60, C1 - 199, 61.13)
(‘Table 33). I women who were HIV-infected are excluded from the anitlysis, 12 deaths among
A7 women would have occeurred cither during pregnacey or within O weeks post delivery,
resulting inacmaternal mortdity rate of 322 per 100,000 women. Among 371 women who
were HIV=05 died in the nonmaternal interval, resulting in a mortadity rate for this period of
135 per 100,000 women. OF these 17 deaths in HINV= women, 12 (0% ) occurred during the
maternal period. These data are consistent with those of previous studics. and complications of
pregnancy remain a major cause ol death in Y= women of childbearing age. However, HIV
intection appears o have more than doubled the mortality for women in the nonmaternal period
and has become asignificant cause of death for women of childbearing age.

Table 33 Odds ratios and 93°%, contidence intervals Tor mortality among women with
singleton births and HIV infection compared with HIV= women with singlceton
hirths, MMRP, 19871990,

R R T Opps. RATIO. | R
HIV STATUS . .- MATERNAL DEATH MATERNAL SURVIVAL - (95% Ci) . MORTALITY RATE®
MATERNAL PERIOD"

SEROFOSITIVE 2 295 2.10 673
(0.0, 17.82)
SERONEGATIVE 12 3709 REFERENCE 322

NONMATERNAL PERIODY

SEROFPOSITIVE 7 295 17.60 2318
(4.99,.64.13)

SERONEGATIVI S 3709 REFERENCE 135

Mortaliy rate per 100 000 women
" Pregnancy and up 1o 6w ecks post delineny

S More than G wechs to Fvear post delisers

Summary findings:
—m—
The maternal mortality rate in the study population was 370 per 100,000 pregnancies; however, thi
is undoubtedly a low estimate due 1o the lack of information on women prior to their first ANC
visit. This estimate is consistent with earlior studies that used retrospective data and extimated mater-
nal mortality rates of hevween 400 and 700 deaths per 100,000 jregnancies.,

HIN iufection was an important risk factor for death in women af reproductive age, in botl non-
maternal and maternal intervals,

Fetal and infant survival wax seriously affected by maternal death: ouly 5 of 11 liveborn babies sur-
vived past 1 year, 3 of whon were known to have died in the secoud vear of life.

. e P A S RN &
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VilIl. MMRP RESULTS: PERINATAL AND POSTNATAL MORTALITY

The MMRP was not designed 1o eviuate the cffect of antimalarial chemoprophylaxis on the
reduction of child mortadity. However, morbidity and morttlity were monitored for up to 2 vears
after delivery. Thus, although we cannot provide a comprehensive review with the dat avail-
able, mortality among the approximatcly 3900 singleton deliveries™ can be assessed in these
periods: fetal, perinatal, neonatal. postnconatal, infant and second year of life. Rates of mortal-
iy (Clable 340 and factors associated with mortality were examined in cach of the intervals and
are reported in the tollowing sections,

Table 3+ Mortadity rittes by tetal or infant age grouping among singleton deliveries, MMRP,
19871990,

{INTERVAL OF. ' “SOURCE.OF TH
‘DEATH ’ - 'NUMERATOR
s RS
ABORTIONS Rt PORTLD ABORTION AL SIMGLE TOMN PREGRANGCIE S kO ED 238 e 1000
(FETAL LOSS (ST v BEFORE THE 3RO THIMESTE R OWITH RGO PHREGRANCIE Y
28 WEEKS DELIVE RY DU 1COME
GESTATION) (N 1978)
STILLBIRTHS REPORPTLD ST'LLBIRTH ALl SINGLEION PREGNANCIES 28 wWkS 37.8 rer 1000
(FETAL LOSS i 148) WITH KNOWN DELIVERY OUTCOML PREGNANCIL S
‘28 WEEKS (N 3862-47 3915) © 28 WKS

GESTATION)

EARLY NEONATAL LIVE BIRTH WITH ALL SINGLETON LIVE BIRTHS WITH KNOWN  31.1 PR 1000
{BIRTH TO DAY 7) DEATH ° DAY 7 OUTCOME AT DAY 7 LIVE BIRTHS
N 116 LOST 10 FOLLOW-uP 49

(N 3915-148-49 3718)

PERINATAL STH.LBIRTH 1 EARLY  ALL SINGLETON BIRTHS WITH KNOWN 68.3 rERrR 1000
{ "28B WKS NEONATAL DELATH QOUTCOME AT DAY 7 BIRTHS
GESTATION TO (N 264) N 3915-49 3866,

DAY 71

| NEONATAL LIVE BIRTH WITH ALL SINGLETON TIVE BIRTHS WITH KNOWN  48.7 PER 1000
| {BIRTH TO DLATH © DAY 28 QUICOME AT DAY 28 LIVE BIRTHS
DAY 23) IN 181 LOST 1O FOLLOwW U -~ DAy 28 51

IN 3915-148 51 3716}

POSTNEONATAL Leve BIRTH WITH ALL SINGULETON tIVE BIRITHS WITH KNOWN 111.3 PR 1000
(DAY 28- DEATH - 28 AND © DAY OUTCOME AT DAY 365 LIVE BIRTHS
DAY 365) 365 (N 392 LOST 1O HOLLOW-UP - DAY 365 246

(o 3915-148-246 3521

INFANT NEONATAL DEATHS ALL SINGLE TON LIVE BIRITHS WITH KNOWN 162 7 vr 1000
‘BIRTH TO DAY POSTNEONATAL QUITCOGME AL UAY 365 LIVE BIRTHS
369) DEATHS LOST TO FOoLLOow-ulr - DAy 365 246

(t 573 (N 3915-148-246 13521
2ND YEAR LivE BIfeTH WITH AGE AL L SINGLETON LIVE YIRTHS WITH KNOWN  76.9 PR 1000
(DAY 365-730) OF DEATH 365 AND  QUICOME AT DAY 730 LIVE BIRTHS

730 LAY LOST 1O f oLt Ow-uPk © DAY 730 193D
N 142y N 3915-148-1930 1847

"Denomieators change with the sterval, gl nebor sigletons were mchuded e the anadvses
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A. ABORTIONS

Fetal death. betore 28 weeks of gestation were reported by 47 women:” however, the cer-
tinty about the week of gestition must be questioned. Most women in the study area were
wnable to recall the date of conception or of their Last menstrual period: consequently, the ges-
tational age estimated for these fetal deaths is only approximate. For the purposes of this study,
these events probably represented midtrimester abortions or possibly carly third trimester
stillbirths: however, because of the uncertainty they were considered abortions and excluded
from the subscquent analysis of perinatal mortality. The 1~ abortions reported occurred in 1978
women who enrolled prior to the start of the third trimester, for an estimated second trimes-
ter crude fetal loss rate of 23.8 per 1000 pregnancics,

The trequencey of second trimester fetal Toss was similar among the 86~ women who were
parasitemic at enrollment (2.0 fetal loss rate) and the 921 women who were aparisitemic at
cnrollment (2.6 tetal loss rate). inus, there is no evidence of an association between mid-
trimester malaria infection and abortion in this popttation.

Other nuaternal characteristios were examined as potential risk factors for abortion in this
population: parity, age. sociocconomic status, education level, history of fever, HIV infection,
syphilis infection, anemia, site of delivery. and history of previous adverse reproductive out-
comes (cither fetad or infant death ). These factors were significantly associated with

abortnon: anemia, active syphilis. history of a previous adverse ceproductive ouwtcome, and deliv-
cey at home (Table 35).

Table 35, Maternal chavacteristics associated with sccond trimester abortion, MMRP,
1987 1990,

ABORTION

CHARACTERISTIC: 1w Tt © .NUMBER -." NUMBER . (%),

HEMATOLOGIC STYATUS

ANEMIA {HCT- 30%) 642 14 12.2%) 0014
NO ANEMIA 2705 27 (1.0U%)

SYPHILIS INFECTION
ACTIVE (MHA-TP + VDRL -1:8) 110 5 t4.5%)
REACTIVE BUT INACTIVE 514 7 11.4%: 0.002
NONREACTIVE 3066 30 (1.0%)

PREVIOUS ADVERSE FETAL OR INFANT OUTCOME
YES 1452 28 (1.9%) 0.0049
No 2367 21 10.9%1

SITE OF DELIVERY
HOME 1585 39 12.5%) <10 ©
HOSPITAL, 2255 10 10.4%)

“Fetal deaths were reported by the wontn or an mmcedeate Linnly micmber to 4 member ot the study teant Eforts were then
e to determine gestational age at the e ot death by estimtimg the duration of the pregianacy
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RESULTS

Summary findings:
N

Most women in the study were enrolled in the middle trimester; consequently, information on abor-
tion in this trimester is limited. The erude estimate of 23.8 second trimester fetal deaths per 1000
pregnancies is a high rate.

Four characteristics were found to he associated witl second trimester fetal death: anemia, syphilis
infection, previous adverse fetal or infant ontcome, and site of delivery. Home deliveries may not
actually e a risk factor for abortion but way mark deliveries that occur at home because of lack
of time for transport to the hospital. Maternal malaria at enrollment was not associated with sec-

ond trimester fetal loss.
T YO S o Y P e S S T

B. PERINATAL MORTALITY (STILLBIRTHS AND EARLY NEONATAL DEATHS)

The perinatal period is defined as the time period from the 28th week of pregnaney to the seve
enth day atter birth, A time period overiapping bicth (rather than actime period divided into
betore and atter birth) is usctul for (wo reisons:

1) The causes of morbidity and mortdity for stillbora infants and tor infants during the carly
ncomatad period are frequently the same or closely relaed.

2} The identitication of a stillborn infant or a liveborn infant who dies within minutes,
hours, or even dics of birth is frequently culturally defined, and strict definitions are

difficult to usc.

The birth outcome during this period reflects both the medical and social condition of the
mother and the care she and the fetus or infant receive during the Tast trimester of pregnaney,
Libor and delivery, and the immediate postdelivery period (38). The birth weight ot the infant
strongly inflaences the risk of mortality during this period. Inthe United States in 1980, the
perinatal mortlity rate was almost 200-fold higher for very LBW (- 1500 grams ) infants than for
infants of norral birth weight €390, The number of perinatal deaths is determined by the birth-
weight disteibution and the mortality rate within the bicth-wcight Guegories.

Distribution of perinatal deaths

Of the 3962 women with known singleton pregnancy outcome, 3002 (90.9% ) had a liveborn
infant who survived past the perinatad period; 204 (6.7 ) had aninfant who did not survive
the perinatal period. Of these, 118 (537 ) were recarded as stillbicths and THO (v ) as carly
neonatal deaths. Fortv-nine ¢ 1.27% ) were Jost o tollow-up after delivery and betore day =, and
47 (1290 had abortions, tor a perinatad mortality cate of 204 38006 or 68.5 per 1000 hirths,

Birth weight

Information on hirth weight and known survival at day ™ was available tor 2232 (58% ) of the
3802 singleton hirths (Table 30). The perinatad mortality rate was highest in infants with birth
weights - 1500 grams (577 per 1000 births ) and decreased as birth weight increased (258 per
1000 births tor infants in the 1500-1999-gram birth-weight category, 603 per 1000 births for
intants in the 2000-2999-gram birth-weight category, and 38 per 1000 births tor infimts with
birth weights 2500 grams).
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Table 300 Birth-waeight -speaitic perimttal mortality rates, singleton births, MMRP, 19871990,

;o PERINATAL MORTALITY RATE
S/BIRTHS  PER 1000 BIRTHS

'BIRTH-WEIGHT CTATEGORY .  PERINATAL DEATH

1500 GM 1526 577
1500-1999 GM 17 66 258
2000-2499 GM 20 317 63

- 2500 M 69 1822 38
TOTAL (KNOWN BIRTH WEIGHT) 121 2231 54
UNKNOWN WEIGHT 1461634 89

Maternal characteristics associated with perinatal mortality

Characteristios of the women tor whom the perinatal outcome is known are shown in Table

» -

hl

Table 370 Characteristics of women with singleton births and known perinatal outcomes
(survival or death), MIMRP. 19871990,

.

. vé
NE264) .P.Em'w\:_r,/u. suhvuvs‘:g_.
PROPORTION . (N=3602) -,

_ - : . U witH PROPORTION. WITH .«
h C’HT.RACTER_lsTIC N " ) g ':Cl-,lﬁ.R.ACTE‘R"ISIII.C AV 9HfffCTE_R'§T¥C
MATERNAL AGE 18 YEARS 21.2% 14 .89, 0.007
FIRST PREGNANCY a4 7% 32.1% 0.00003
HOME DELIVERY 50.3% 41.0% 0.003
REACTIVE VDRL RPR 28.4% 11.8% 10"
REACTIVE HIV SEROLOGIC RESULTS 9.1% 7.3% 0.25
NOT LITERATE 74.2°% 69.0% 0.07
LOW SOCIOECONOMIC STATUS 75.4% 67.1% 0.006
SHORT STATURE (150 CM) 22.7% 13.8% 0.0007
SMOKING 2.7% 3.1% 0.68
ALCOHOL USE 1.1% C.8% 057
ANEMIA AT ENROLLMENT
HCT © 29 GM % 19.2% 16.9% 0.38
PARASITEMIA AT ENROLLMENT a7.7% 43 HOA 022

In the univariate amadvsis, naternal age - 18 vears, nulliparity, delivery at home, reactive VDRL,
shortstature (- 150 cnn)and enrollment henmatocrit 257 were associated with perinatal death
among women with singleton births: m the multivaciiee analysis, nulliparits . home delivery, reac
tve VORL and short stature were associed with perinatal deaths Materoal age over 3, par-
ity over O reactive HIV serologic results, illiteriaey, 1ow sociocconomic status, parasitemia i
cnroltment. and ANC Site were not associated with posinatal death in cither the univariate or
the multivarte analysis,
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Risk factors for stillbirth

The distribution of the tvpe of stillhirth Comacerated versas teesh oy helps o adenthy causes of death
Among the 1S singleton stillbirths, #7327 ) were reported as treshoand 28 0197 ) as

nucerited, and tor T3 070 the tope was not reported . Risk factors tor the two ivpes of stilt
birth were wdenuticd in univarnee and multivariate anabvses: usmg women swathan imtant who
survived the perinatal period as the reterence group Reactne ADRE and eorollment hemuato
orit o 257 were adentitied as risk Lctors for macerated sullborths reactive VDRE was adentiticd s
arisk fictor tor teesh sullbaeth CEable 38y The Lrgest number of sullbirths were those tor which
the tpe was not reported, rish lactors adentitied i both unvaente and multnvarue analyses

were home dolivery . reactive VDRI and short statare
Risk factors for carly nconatal death

In the univariate anadysis, naternal age IS vears tirst pregnaney. reactnve NDREC i short st
ure were associted wath carly neonatal death among women with singleton births Nulhparity,
reactive VDRE and short stature remained stgniticantiy associated with carbv neonatal death in
the multivariate analysis CEable 38): some Lactors were not evannned e placentd malaria
intection) because inforntion wis av ilable ondy for a sl nimber ot sullboths

Fable 38 Odds rato and 9570 conhidence mtervals tor sigibcant risk tactors tor poor permatal
outcomes, MMRP 987 1990

PERINA‘I’AL “\ FRESH MACERATED UNKNOWN EARLY NEONATAL
DEATH ASTILLBIRTH STILLBIRTH ST'LLBIRTH . DEATH
= 198) ) (-N -—-39) o (N 24) (N= 50) - (N=J

ic OQ{;::ATIO oons RATIO onos RATIO Oons RATIO.
(9B% CI)'  (95% Clj*° ' (98% 1) - {95% CI)

) I

!PRIMIGRAVIDA a3, 1 74 176

} (1 29.2 34, 110, 2. 814
[Homs DELIVERY 309, 1 40 1 96

1‘ (1.05.1.88) 11.i1.3.15)

IREACTIVE VORL 12% 3.80 4 25 6.84 3.83 2.85

| 12.76.5.25) 2. 18.8.30113.04.15.40112.11.7.00) 11,72, 472

|

ISHORT STATURE' 149, 179 - 237 1.89

| 11 26,2 99) i1 26.4.45) 1. 3.20)
!;ENROLLMENT 6, - 3.3 —

' HeT! 1109 97,

i

TRCWCenee geonps s 2951 hive baoths wath hnosene s ab day T

R UTRWIRIIN approsaniate ared vanes shighily dac o boss tedollow op o the sl
AR ETRTUIT] 150 ey

Tt 25

Factors onmmncd bt aot fonnd B be siemaficant ol po O 03 the molincate todod aatcrnal age IR vears, maternal ape 245 sears

panty O rcactive HIV sorodoey adliteracy kas sociaccononne shatis patasdonn o cngoflaent
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Summury finding,s:
m
The perinatal mortality rate in the study population was 68.3 deaths per 1000 birtles. Birtl weigit
was the ot important predictor of pevinatal mortality, Very LBW babies (1500 grams) lad a
13-fuld increased visk of perinatal wmortality compared with normal birthweight hahies (235010
grams). In the multivariate model, first preguancy, howe delivery, maternal svplulis, and shart
wmaternal stature were associated with perinatal mortality in this populasion. Malaria infection in
the wmother was not associated with stilthivtdr.

C. SYPHILIS INFECTION AND ITS EFFECTS ON PERINATAL MORTALITY

The reported prevadence of syphilis imong women attending ANCs i Alrica ranges from 6% 1o
TOY . with estinutes of 200 1o 10% of women with untrested syphilis experiencing i perina-
tl death (o0, Although o sereening test exasts that is available tor ficld use (0 1) and an ctfee-
tive drag (penicilling has been identificd lor treatment (62), syphilis remains an ignored nuager-
nal and perinatal health problem in muany devcloping countries. [n Malawi, despite national
policy. routine antenatal sereening programs were discontinued in nemy rural district hospi-
tals when they conld not sustain the programmatic requirements,

The objectives of this analysis were to imvestigate the prevalence of syphilis among the study
population. to quantily the association betw een active syphilis and pregmaney outcomes, and
toidentity risk Lctors tor sy philis,

OF the 3591 HIN=women enrolled and tested, 130 ( 3.0% ) had scrologic results consistent with
active syphilis (VDRL RPR reactive with titer = 18 and reactive MEA-TP ), and 2908 (82.7% ) were
noircactive by VDRERPR and MEIN-TP (CTable 39),

Table 39, Syphilis serologic results amang THV= pregnant women with singleton births,
(N - 3591) MMRP. 198790,

' SEROLOGIC RESULT S .. - ... INTERPRET ) E NU_M.B_ER (P_ERCENT) .
VDRL RPR AND MHA-TP NONREACTIVE NO EVIDE NCE OF sSydnng e, 2964 8327
VDRL RPR REACTIVE AND MHA-TP FALSE POSTTIVE OR OV E RY 187 S 2
NONREACTIVE EARLY INFECTIONS
VORL RPR NONREACTIVE AND MHA-TP OLD RLSOLVED INFLCTIONS 137 13.8)
REACTIVE
VDORL R2R REACTIVE - 1:B) AND MHA-TP OLD OR LARLY INFECTIONS 169 4.7
REACTIVE
VORL'RPR REACTIVE { "1:8) AND MHA-TP  ACITIVE SYPHILIS 130 13.6)
REACTIVE

el ) -
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In an antenat syphilis screening program appropriate for i sctting with limited resources, a
qualitative VDRI or RPR without i confirmatory test such as MHATP would be used o iden-
titv women for syphilis treatment. On the basis of the findings in this study, T3%-14% of the
women would have a quatitative reactive VDRL RPR result,and 25-30% of these women would
most likely have active syphilis. The renmaining 70%-75% ol the women with qualitative reac-
tive results would have cither a false positive result or carly or Lite eesolved syphilis intections.
Serial VDRI titers were not available to define the distribution of these three categories of
“nonactive” reactive serologic results, so the potential number of uninfected women included

in the identificd reactive group is unknown,

Compared with women without syphilis, women with active syphilis (reiactive VDRI with titer

18 and reactive MEATP 7 were more likely to have stiflborn infants, infants who died during
the neonatal period. and infants who dicd during the postncomtal period (Table 10 Women
with active syphilis were T times more likely to have a stiflbirth. This clevated risk associ-
ated with active syphilis extends not only into the neonatal period, but also into the post:

neomital period.

Significant associations with poor pregnancy outcome, although at fower levels, were also found
when women with reactive VDRE RPR (qualitative serologic test) were compared with women
with nonreactive VDRL RPR (Table 10, The association did not extend into the postneonatal

period.

Table 0. Odds ratios and 93% confidence mtervads for active syphilis and reactive VDRLRPR
as risk fictors for adverse outcomes among HIV- pregnant women with singleton
births, multivarite analysis, MMRP, TOBT-1990.

0\ CAcTivesyppils - "+ REACTIVE VDRURPR
o OUTCOME/ ¢ ACTIVE ODDS RATIO OUTCOME/ ° REACTI&E © ODDS RATIO
. . . L N B : S Co b : .
'O_'UTCOM_‘E - REEERENT..SYPHILIS (95% .Cl). REFERENT - VDRL (95%A n
. N} : . AR . ‘ R - e - .,;
STILLBIRTH"' 99 2885 04 10 89 11y 3340 13 a1
(6.61. 17.93) 12.78. 6.08)
NEONATAL 135 2723 03 4.86 153 3148 13 2.51
DEATH! 12.73. B.66) e 3.70
PERINATAL 190:2768 .04 9.03 215 3207 .13 3.40
DEATH" 15.88. 13.84) 12.48. 4.66)
POSTNEONATAL 2722333 .03 2.24 318:2666 12 NOT ASSOCIATED
pEATH! 1.26. 3.99)
"Reteronce group Kuoavy e barths
"R wronp Love acths sl ko sievivab to by =
Y Raferenoe wroup Live barths wath knowny sueviad o Do 28
o Retereime e wroup fave barthis wath Lo sinvecal to Day 365
Onhicr varablos oxaaed e the aoded Lc osonatal care Bome delsvony firse preginumey e 1R vrs Jow socioeco
nomie status b iy e e strohing alcobiol consumption homatocst 20 at enrollment, penpheral 1 falcipirum

paraste densin Jono gt cnrallinent
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Risk factors for active syphilis

Becaise women who are pregnant for the fiest time have not had the OPPOCTUNILY Lo CXperi-
ence i good or poor preganey outcome and becanse ASPCCES OF Pregnancy outeome were poten-
tial risk tactors tor active syphilis (¢ history of stillbirth), maternal characteristios were ana.
Ivzed separateh tor primigravidas and multigravidas (Table 11), Among, primigravidas, women
witlt active syphilis were more tin twice s likely not o be literate as women without svphilis,
Among mudtigravidas, women with active syphilis were twice as Bikely to lave had o home deliv-
ery or to have ahistors of child death in the previous pregiancy than women without syphilis.
Multigravidas trom the twao clinices SCTVING LowWD reits were 2 o 3 times more likely 1o hine
active ssphibis then those women who cnrolled in the most raral clinic. A history of a still-
birth with the previous pregnancy was very strong risk Lrctor: The tollowing characteristios
were notassociated with active syphilis in primigravidas or multigravidas: maternal age, aleo-
hol use. parity . Lae antenatal care (hegun less than 60 dass belore delivery ) hennocrit less than
21 at enrollment. low sociocconomic status., and 2 history ol spontancous abortion,






http:1.28,3.29
http:1,34.3.73
http:0.75,2.88
http:1(4,05,15.18
http:0.24,3.93
http:1.80,4.81
http:0.40,4.85
http:0.50,2.23
http:10,24,3.93
http:1.24,2.91
http:1.02.2.43
http:I0.73.1.86
http:0.74,3.39

SECTION VIII:
RESULTS

Summary fintdings and discussion:

Syphilis during pregnancy had a siguificant effect on fetel, neonatal, and postuconatal wortality,
Nearly I of 4 stillbirths. 1 of 9 uconatal deaths. and | of 25 postuconatal deaths were attributed
(o maternal syplilis infection. This strong association between reactive syphilis serologic results and
poor birth outcome indicates that the reactive serologic results were most likely due to venercal
syplilis aud not normal treponema infections (e.g., Yaws).

Syplilis during preguancy has been recognized as a public health problein in Africa for mauny years,
but there have been few sustainable intervention programs. Clinicians have attempted to identify
women at risk for syphilis by iimiting sereening to wowmen in urban arcas or (o women with a
listory of stillbirtle as these critevia were assumed to be risk factors. From these data, the prevalence
of active syphilis (3.0 in the Mangochi community demonstrates that sypliddis infection has
extended into rural arcas and cmphasizes that syphilis sereening programs should not e limited to
urbau arcas. Nuhouglt a history of the immediate previous birtle as a stilthirth is au important risk
Jactor in this population, it would identify none of the primieravidas and only 14 (13) of the 96
mudtigravidas with active syplidlis. Otier risk factors identified Jor active syplilis tilliteraey, clinic
site, home delivery, aud history of the immediate previous birth as a clild death) were not very useful
i targeting women ar hich risk. \ universal sereening program using a qualitative reactive
sereeuing test appears to be the most appropriate option, even with the potential of overdiagnosing
active syphilts in up to 10 of the women. Because available teclnology is not able 1o differentiate
between true active infections and cither fulse positive or old resolved infections and because of the
strong causal relutionsiip hetween syphilis ¢xd perinatal and infant mortality, the heuefit gained
by a wuiversal screening program outweighs the cost of unnecessary treatment,

Identification and tnmediate proper treatment of women with reactive serologic results at the Jirst
ANC visit is the key element 1o a successful autenatal syphilis intervention program. The availability
of the macroscopic rapid tests (RPR Card or TRUST) makes this possible. The results of the
sereening tests would he immediately available, and women with reactive tests could be treated at
the first visit. Mauy of the logistic problems associated with ideutifying women with reactive results
would he eliminated, and treatnent would not be delayed until 1l v next visit or missed altogetlier.

M

D. NEONATAL MORTALITY

During the nconatal period. 181 infants dicd, for 2 neomal mortality rate (NMR = deaths in the
nconatal period per 1000 ive births) of 18,7 1000 live births,

Birth weight and gestational age

Birth weight was an important predictor of neomatal survival. The risk of mortality during the
neonatal period increased with decreasing birth weight. Compared with babics born of normal
birth weight, babics born in the successively Jower birth-weight groups of 2000-2 199 grams,
1500-1999 grams, and below 1500 grams had risks for neonatal mortatity 2.0, 11,5, and 27,1
times higher, respectively (Figure 29),
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Figure 29. Neonatal mortality rates by birth-weight categories for infants born to women in
study, MMRP, 1987-1990).
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Low birth weight was identified in 17.9% of babics born to women enrolled in the study.'! In
this population, preterm-LEW and 1UGR-LBW carried very different risks tor nconatal mortality.
The NMR was 192 for preterm-LBW babies and 51 for ITUGR-LBW babics, compared with 23 for
nornl birth weight babices. Thus, the risk of neonatal mortality was approximately 2.2-{old
higher for IUGR-LBW babics and 8.3-fold higher for preterm-LBW babies thin for normal birth-
weight babies (Table 420 Among the 87 neomatal deaths, 53% occurred in LBW babices and
among the 160 deaths in LB babies, 0% were in preterm-LBW babices.

Table 2. Neonatal mortdity rates in premature, IUGR, and normual birth-weight babies, MMRP,
TO8™-1990.

PREMATURE 182 35 192 8.3
IUGR 215 11 S1 2.2
NORMAL BIRTH WEIGHT 1780 41 23 1.0
ToTAaL 2177 87 40 1.7

SHntants with hnow i birth weight, gestational age. and follow up theough the neomital period

"Fhis figure i higher than the 16 0% LBW rate ated (Section VI ) tor babies horn o woomen in the study whio ceceised all of the

reqaired antimabarial drugs and had particpated in the stady for more than O sechs at the time ot detivery
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Malaria infection in pregnancy as a risk for neonatal mortality

Neonatal mortality rates werce higher in infants born to women with plicental or umbilical cord
malaria infection than in those without this exposure. NMRs were 511000 for infants born 1o
women with phicental malaria infection and 38 1000 for those born to women without intected
placentis: NMRs were 59 1000 for infants with umbitical cord parasitemia and 40 1000 for
infant:: without umbilical cord blood pacasitemia. However. these differences were not signiti-
cant."!

Summary findings:
m
The nconatal mortality rate in babies born to women in the study was 48.7 per 1000 live births, Low
birth weight and prematurity were the most important predictors of neonatal mortality, Premature-
LBW babies had an 8.3-fold increased risk f neonatal mortality compared with normal birth-weight
habies.

Malaria infection of the mother, her placenta. or the umbilical cord of the infant was not signifi-
cantly associated with increased risk of neonatal death; however, the study did not have sufficient
power (o assess these characteristics as risk factors.

wm

E. NEONATAL TETANUS

Neomtal tetanus, caused by spore-forming anacrobic bacillus, Clostridiun e, is an impor-
tant cause of mortatity during the neonatal period. Neonates are generally infected cither when
the umbilical cord is cut with a contaminated instrument or when dressing placed on the
umbilicus is contaminated with the bacillus or spores (63). The incubation period ranges from
310 21 days and the symptoms are caused by a neurotoxin produced by the bacteria or its
spore in e low oxs gen tension cnvironment. Typically, ssmptoms begin in the dirst or second
week o ife and dast 3 1o 7 davs, Sisty to ninety pereent of the deiths oceur within 10 divs of
the onset of symptoms. The case-fatality rate is very high and may exceed 807 in cases with
short incubation periods,

The WHO clinical case definition for neonatal tetanus death uses the following criteria: death
oceurring between the third and the thirticth day of life: normad breastfeeding and crving at
birth and for 2 davs tollowing birth, followed by failure to suck at the onset of the disease; and
generalized spasms, stitfness and trismus (lockjaw) betore death (64,

Dcaths in the first 30 days of life

y —

There were 184 deaths from birth to 30 days after delivery among the 37106 singleton live births
for which status at day 30 is known (31 Tive births were lost to follow-up betore day 30, This
results ina 30-day mortality rate of 50 per 1000 live births, OF these 181 deaths, 60 (33%
occurred within the first 2 davs of life, o time period not compatible with neonatal tetanus ( Fable
A3 ) leaving 1294 deaths (67% ) within the time frame for ncomatal tetanus (death from dav 3 1o
30). Of these 124 deaths, infornuition anout the symptoms near the time of death is available

for 112 (90w,

il
The sample size or the stirds was established o be able tooesamime e woehin as an outeome the nestiators tecagmzed that
s sample sze woukd not allow for adcquate posscr o derect sigmbieant Gieren es 1o mon i rates oo wenren with and waithom

penpherad placenil or umbibcal cord parasicmng
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Table 3. Deaths from birth to day 30 among singleton births, MMRE, 198™- 1990,

. . . -

ALL LIVE-SING‘LE“TON . -leN_T-IFIED AS '.NEO.NATAL‘

' BIRTHS ) TETANUS DEATH.BY FAMILY
DEATHS BETWEEN BIRTH AND DAY 30 184 44
DEATHS IN FIRST 2 DAYS OF LIFE 60 8
DEATHS FROM DAY 3-30 124 36
INFORMATION ABOUT SYMPTOMS 112 36
MET THE WHO CASE DEFINITION 1S 7

FOR NEONATAL TETANUS

Neonatal tetanus identified by WHO case definition

Data collected tor the WHO case detinition were death from day 3 o day 30, and ability 10 suck
wellat birth, with subsequent imability to suck or ¢rv at onset of discase (used to deseribe
trismus). Filteen (13% ) of the 112 deaths for which symptom data were availible met these
criterias the estimated neonatal tetanus mortality rate was -1 1 1000 five bicths, The duradion
otillness for these 15 infants ranged from 1o 10 davs with amean duriation of 3.0 davs

(SD» 2042 davs ),

Reported symptoms and nconatal tetanus

Mothers or other family members identificd v infant deaths as deaths due o neonatal tetanus.
Deaths that occurred between davs 3 and 30, the time period for neonatal tetanus, numbered
30.(82% ). OF the 15 infants who met the WHO case definition, = (47% ) were identificed as

neonatal tetanus deaths by their mothers o familvy: members,

When mothers were initially asked an open-ended question about cituse of death, 3 (8% ) of the
36 infnts who dicd between day 3 and 30 wege reported o have had problems tfrom birth
(born cold. born unhealthy, or jaundiced from birth ), histories that are not compatible with
neonatal tetmus, OF the remaining 33 births, 15 (15% ) also were reported to have had oozing
or infected umbilicus: 11 C12% ) were reported to have had twitching, spasms, or convulsions;
and ¢ 18 ) were reported o have sucked well at birth and then not to have been able o cry
or suck at the time of illness. In their open-ended answer to the cause of death of their child,

P (2% ) of the mothers or other family members spontancoush included neonatal tetanus.
Duration of illness canged (rom 0 to 21 days with the mean duration of 1,33 diys (SD -.20) for
these 33 inkints.
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Immunization status

Intormution about neonatal tetanus immunization is available primuarily for the intiants who
delivered in o health-care tacility . Beaause the women folloswed in MMRE were identitied through
the ANC sestems all should have reccived ot least one immunization. Among the 2232 women
with reported immunization histories. 2088 (93701 reported at least one neonatal tetants
immunization during their pregnaney . and 1693 (730 reported two or more immunizations, All
seven infants whose deaths met the W HO case detintion tor neomatal tetanus and w hose
mothers” immunizaion histories were known were barm to wonen who had had a0 leist one
neomtd tetanus immunization. tive mothers had Tuad at least two ompared with mothers
whose intants dicd well atter the neonatal period ¢ 83 day s atter delin arv L mothers whose infants
dicd hetween days 3 and 30 had Tower rares of neonatal teamus immuanization ( 1able 11) No
assocition between the Lack of neonatal tetanus mmumization and detths trom v 3o 30 when
compared with cither deaths i the tiest 2 davs ot lite or o all singleton Tive births is Apparent.

Table s Tetanus toxoid immunization history as @ risk tactor tor death, MMRP. 1987 1990,

NO IMMUNIZATION -

e R Sk ., RECORDED. . ‘ODBS RATIO
TIMEOFDEATH ~ .. .0 T ER. NUMBER (%) ' ' AND P VALUE*
SINGLETON LIVE BIRTH, SURVIVED 2121 149 +7.0n RELFLRLNCL
DEATH 1-2 DAYS AFTER DELIVERY 32 4112.5) 1.89 pr-0.28
DEATH 3-30 DAYS AFTER DELIVERY 52 7 (13.5) 2.06 r- 0.09
DEATH ‘45 DAYS AFTER DELIVERY 289 t4 4.8 0.67rP--0.17
* P value determmed asong Tsbien s exact test or ST test

Home delivery as a risk factor for nconatal etanus

OFthe 3732 women in the MMRP who delivered o singlcton live birth, 11" (1539) delivered
at home. Of the 112 infants who dicd sometime between davs 3 and day 30,38 (52% ) were
delivered at home, compared with 36" of the 39 infants who dicd during davs 1 or 2 and with
5% o the 516 deaths after day 15, OF the 15 infants who met the WHO case definition for
neonatal tetnus, 7 (170 ) were delivered at home CTable 15), Compuared o the risk of death tor
mbants deliveeed in health facilities, the risk of death in home-delivered ml mis wis significantly
clevated for deaths from day 3 to 30, but not for the other time periods. '

i1 - .
Further serotmy ol the data saggests thae the Tow er rates of death m the fiest § dass of it in home debvercd mtants oy be due to
A mercased reported ncadence of sattbarths i home debvered mtants Hins., permatal mortalis s lughes i home delivered intants
becanse some home delivered antamis dving in (the st 3 dass of e s e heen reported as sudiberths
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Table 45, Delivery at home as arisk factor for infant death, MMRP, 19871990,

SN

, a " PLACE OF DELiV ‘ 77 ooos fl_a;mo{
S . Home " _‘HEALTH f-‘lAi'IL;‘ITY.:.. :(:A95°/o.‘C,QNF!DEr_~ICE' INT:El‘?,VA_l.):.
SINGLETON LIVE BIRTH 139 2213 REFLRINCE
DEATH O-2 DAYS 21 38 0.7910.45. 1 40
DEATH 3-30 DAYS 58 54 1.54 (1.04. 2.29)
DEATH * 45 DAYS 246 300 1.18 (0.98, 1.42)
MET WHO NEONATAL 7 8 1.26 10.41, 3.82)
TETANUS CASE DEFINITION

Summary findings anua discussion:

L. . . ..
The estimate of 9¢¢ of neonatal deaths due to neonatal tetanns (WO case definition) is much lower
than the estimate of 41 obtained from a randomm claster survey conducted by a joint Malawi
Government'Save the Childrew WHO: DANIDA team in Malawi in 1983 (65) and may reflect the
impact of the tetanus immunization program mitiated as a resnlt of the 1983 survey. The high
tetanns immunization coverage reported and the significant association of lack of tetanus immnuni-
zation with deaths at age 3-30 dayvs compared with deaths 45 davs support this conelusion. Of the
deaths meeting the WHO case definition of neonatal tetanus, 71 of the infants were born to
nmaothers reported to have had two immunizations. This finding indicates ¢ need to assess the ade-
quacy of the cold chain, ¢fficacy of the vaceines, and the timing of the nmmnunizations. Also, the
histories nsed to estimate coverage for the women of MMRP are based on those of women who
delivered in health-care facilities and thus may overestimate the percentage of all pregnant women
protected.

The almost equal distribution of deaths that met the WO case definition for uconatal tetanns
among home and facility deliveries is disturbing. Most infants are sent home 2448 hours after a
health facility delivery, so infection may occur among health facility deliveries because of the
application of comtaminated materials after discharge. However, unlygicnic practices at the time of
delivery in any site can he the source of neonatal tetannys infection. Adeguate equipment and
supplies and proper disinfection and sterilization are important whether the delivery is at howme or
in a health facility.

1t is difficult to assign a canse of death in the neonatal period. Neonates do not always exhibit
classical signs of diseases, and the complex of respiratory distress, hvpothermia, iypoglyeemia, and
sepsis shares similar symptoms. Neonatal tetanus and sepsis botl result from poor hygienic condi-
tions at birth. Many authors (63,64.66.67) have recommended hoth improved hivgicnie conditions
at time of delivery aud tetanns ivununization as control measures. The World Health Organization
is currently reconmending cxpansion of tetanus innnunization programns frome ANCs to programs
that will immunize all women of childbearing age (63).
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Tuble 17 Postnconatad mortality rites in premature, [EGR and normal bicth weight babies,

MMRP 19871990,

NUMBER OF LIVEBORN DEATHS IN THE POSTNEONATAL

" SINGLETONS WITH' #osirm-:ou.AnL‘ MORTALITY IN RN
FOLLOW-UP*- " “PERIOD . THE INTERVALP. v RiSK RATIO

PREMATURE 138 22 159 153
IUGR 194 28 144 1 38
NORMAL BIRTH WEIGHT 1633 170 104 ! 00
TOTAL 1965 220 112

“tokants with ko bt swerght gostationad age survivd of neomatad persod e tollos ap thirough the postnconatal period
h
Denonnnator s the survivors threneh the nconatal porod theretore s net a rue posticonatad mortality cate Cper 1000 Tinve farths)

Rates gnvon mrest for prosadine amd WK 127 and 137 respeainehh

Summary findings:
... .- ______________. - .. ]

The postneonatal infant mortality rate was 1113 deaths per 1000 live bivths. Birth weight remained
the most important predictor of postneonatal infant wortality. Postucounatal infant mortality rates

were not significantly different in premature-LBW infants compared with [UGR-1.BW infants, De-
spite the importance of the LBW risk, 77¢¢ of deathys in the postneonatal period occurred in normal

hirth-weight babigy.
- ... """ ‘'~

G. INFANT MORTALITY

Among intants born to women in the study, 573 dicd during the first vear of lite for a crude
infant mortdity rate of 1627 per 1000 live births, Factors associated with neonatal and post-
neonatal mortality have been described aitrlier: this section examines cause-specitic mortality and
certiin features of mortality ininfancy.,

Cause-specific mortality in the neonatal and postneonatal periods

Information on ciuse of death was available on 162 (907 ) nconatal deaths and 362 (920, )

postneonatal deaths, The most commonly reported cause of death for the neonatad period was
sepsis neomatal tetanus: however, nany deaths were recorded simphy as due 1o unknown cause
because of the mtant's carly demise, otten within 3 days of birth, and the Tack of specitic symp-
toms that could indicate a speditic cause In the postnconatal period. diarchei, fever, and respi-
ratory illness were the three most common Guses recorded. and together, they accounted tor
more than 757 of deaths in this interval. Figure 30 demonstrates the variation in cause of death
by ages Resprratory disease peahed as acause ol death in the 2-6-month age group. Death asso-
cated with dharrhea was the most commondy reported cause atter the neonatad period: mortal-
ity duce to diarrhea was highestin the 7-12-month age group. The proportion of death from

fever and measles incrcased with inereasing age into the second year of lite. Consequently, the
proportional causes of mortdity changed substuntially during the first 2 vears of childhood.
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Figure 30, Cause-specitic mortality in the neonatat and postncomtal periods in the cohort of
intunts born to women in study, MMRP, 19871990,

Neonata: Postneonatal

Prematurity
Birth Trauma
Tetanus
Jaundice

Fever Convulsions

Gastroenteritis 142
Respiratory Inf
Measles
Skin Infection
Other
Multipte Symptoms
1 50 B§ Unknown* 1
160 120 80 40 0 0 40 80 120 160
Number of deaths Number of deaths
(N 162) (N 361)

‘Unknown neonatal deaths were home dehivenes

Although the technique of postmorten questioning to determine symptoms of illness prior to
death hias been used by varicty of investigators 1o ascertain cause of death, the technigue has
limitations. Deaths in the neonatal period. especially the carly neomatal period. were frequently
diicult to categorize because of the lack of a single or specitic svmptoms prior to death. In
addition. anemia wis observed to be eelatively common in the population and is known to be
associated with i substantial proportion of mortality in hospitalized children in this arca. How-
cever, because of the hick of clear clinical signs and svimptoms associated with anemia, anemia
wis seldom given as adiagnosis or cause of death by parents or guardians. Consequently, post-
mortem questioning can be helptul tor casily recognized and wel-understood conditions, but
is less helptul tor neonatal deaths (exeept sepsis or nconatal tetanus ) and tor certiin condi-
tions in the postneonatd or childhood period (e.g., anemia),

Duration of illness prior to deahy

Intormation on the duration of illness prior to death was obtained for ~05 deaths (350 infant
deaths and 149 childhood deaths), According to the parent or caregiver, 193 (69.9% ) of the
deaths occurred within =
of the illness, AL.0% died between days 1 and 7 of the illness, and only 5 (6.7 ) of the

divs of the onsct of illness, Of these, 38.3% died in the first 3 days

deaths occurred after an ilfness of more than | month (Figare 31 and Table 18).
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Figure 31. Duration of illness prior to death in infants, MMRP, 1987-1990),

Deaths (°o) (N 705 deaths)
60

1.7 8-14 15-21 22-28 5-8 9-12 12
days days days days weeks weeks weeks

Duration of lliness Prior to Death

Table 8. Duration of illness Ieading to death by reported cause of death, MMRP, 1987-1990.

ILLNESS DURATION IN DAYS -

3

MEAN.(SD)"

RESPIRATORY 76 10.9 (14. 1)
ANEMIA 22 20.3 (17.4)
FEVER 125 8.4 (16.0)
GASTROINTESTINAL 215 12.4 ¢18.9}
JAUNDICE 16 10.6 (15.6})
MALNUTRITION 31 44.7 (36.9)
MEASLES 73 15.8 (15.3)
SEPSIS/NEONATAL TETANUS 31 4.1 (3.0
NEONATAL-OTHER G8 1.7 (2.1
OTHER 28 11.8 (20.4)
UNKNOWN 40 3.3 (9.5

The information on duration of discase prior to death was consistent with general knowledge
about these discases and conditions in the population. Deaths ateributed to malnutrition,
anemia, and measles were reported to have a long duration, and deaths attributed to sepsis or
nconatal tetanus had a short duration. Deaths due to unknown causes were associated with very
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short illnesses: many o these were carly neonatal desths, Deaths associated with gastrointestinal,
respiratory, or tever symptoms had preceding illnesses averaging 8-12 days.

Site of death

Overail, 34.2% of deaths occurred in o health facitiey. and the remainder occurred at home,
Among deaths in the neonatal period, +7.3% occurred in the health facitioe: onlyv 30010 of
deaths occurring in older infants were in health facilities. More than 65°% of deaths due to
respiritory discase, fever, gastroenteritis, malnutrition. measles. and sepsis occurred outside @
health tacility: Thus, in this environment and for these coaditions, o reported pediatric death
it facthity is idicative that twa more deaths due to this condition occurred in the community.,
A higher proportion of deaths occurred inacheath el for only two conditions: neonatal
deaths and anemia-associated deaths, This undoubtediy occurred because numy neonatal deaths
were in the first fow dans of lite (prior 1o discharge tor hospitab-delivered babies)y and because
ancenii was adiignosis not commonly reported by parents uniess the child had been admited
to a facility and diagnosed as having anemia by health worker.

Effect of birth weight on cause of death

As noted above, birth weight was an important determinant of death in both the neonatal and
postnconatal periods, Because of the Targe number of unknown causes ot death in the neona-
tl period. we examined the role of birth weight on cause-specitic mortality in the postneonatal
period Cable 190 Mortality rates for diaerhea-, tever . or malnutrition-associated deaths were
nearhy 15 1o 2 tmes greater in LBW children than in children of normal birth weight: these
ciuses accounted tor 340770 ) ¢ the v postneonatal deaths in LW infants. Postnceonatal
deaths attributed to respivatory discise were more common in nornid birth-weight infants,
Cause-specitic mortadity rates inintants of unknown hirth weights Crepresenting children born
at home ) generadly fell between those rates observed for normal and LBW infants, except for
daaths due to measles, whicl occurred nwice as frequently in home-delivered infants and report-
cdlv accounted for 136 of their deaths.

Table ) inscases and birth-w cight=specitic mortabity rates i the postneonatal period,
exprossed s rate per 1000 Tive births Ctotal # deaths in category ), MMRP, 1987 1990,

) y.;-:nli’l Law - LOW'(?)gdb_,- e NQRﬁAL'u_

(<1500ai) P2a99 om). " (22500 om)

TOTAL NUMBER LIVE 1439 19 346 1650
BIRTHS IN CATEGORY:
RESP TRACT INFECTION 13.4 119, 53 (1) 5.8 2) 20.0 133
ANEMIA 3.5 15 O 2.9 (1 73112
FEVER ASSOCIATED 21.54131) (o} 31.801 1 16.4127)
GI-DIARRHEAL 47.3 168 53 ¢1 57.8 (20 37.6462)
JAUNDICE 1.4 21 (o} O 2.4 id)
MALNUTRITION 4.2 16) (o} 87 13 3 (5
MEASLES 14.6 121) (o} 8.7 13 7.9 (13
SEPSIS/NEONATAL 1.4 2) (o] 2.9 1) (o}
TETANUS
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Summary findings:

L. ... " . |
The infant mortality rate was 162.7 per 1000 live births.

Diarrlical disease, fever-associated disease, respiratory disease, and wmeasles were the most com-
monly reported canses of infont deaths, Deaths associated with respiratory disease were most com-
mon in the 2-6-montlh age group; deaths associated witl diarrlica peaked in the 7-12-month age
group. Deaths associated with jebrile illuess and measles increased with increasing age into the
second year of life. Local data on deatl in hospitalized children suggest that deatlt due to anemia
is underveported by postmorten questioning of the family.

Approximately 70 of Lluesses leading to death lasted less thau 1 week. Deaths associated with
malnutrition and anemia tended to lave symptows lasting for 3 or more weeks.

Tu this setting, approximately 35 of deaths ocenr in a liealth facilite, and the remainder occur at
liome.

Low birth weight was a visk factor for mortalicy throughout the infant period.
L - .- .. . _. . ... -\ ____ ...~ " ]

H. SECOND-YEAR MORTALITY

A total of 142 children dicd during their second year of life; o crude estimate of second-year
mortality was 6.9 1000 live births, However, this estimate is problematic: a Lrge number of
children were not tollowed through their entire second vear of lite, and the high proportion of
lost-to-follow-ups may lead to inaccuracies m the crude estinae,

Cause-specific mortality in the second year of life: Postmortem questioning ot the family showed
diarrheal discase €307 ) febrife illness (2 8%0), measles (217%), respivatory illness (8% ), and
malnutrition (8% ) to be the five leading reported causes of death during, the second vear of

life. HIV-associaed mortality is deseribed in the toltowing section,

Duration of illuesy prior to death: The mean duration of illness prior to death was I8 davs:
58% ot illnesses lasted - 7 davs betore the child died. Febrile illnesses were associated with the
shortest duration prior to death; 55% of childreen dving with an illness characterized primarily

by fever dicd within 3 days of symptom onset. The mean duration of illness prior to death was
longest tor deaths attributed to nmulnutrition (00 days) and to anemia (15 diys),

Effecet of birth weight on cause of death: Among the 91 children with known birth weight who
dicd after infaney, 20 22% ) had LBW. Children with LBW accounted for 10% of respiratory
deaths, 33% of muadnutrition deaths, and 297 of fever-associated deaths in the sccond vear of life,
Among the 10 deaths atteibuted to respiratory causes, natlnutrition, or fever, 13 (33% ) were

in children with LBW. Of the 51 children dving of other causes, = (16% ) were in children with
LBW (p-0.03).
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I. EFFECT OF MATERNAL HIV ON BIRTH OQUTCOME AND CHILD SURVIVAL

Outcomes of prior pregmncies and outcomes of the current pregnancy were compared tor HIV +
and HIV= women.

Previous adverse reproductive outcomes: Women were asked about all previous pregmancies and
adverse outcomes of those deliveries. When compired with HIV- women, HIV + women were
more Hikely to have experienced asecond trimester abortion or stillbirth (-1.8% versus 8.3%,
OR = 1.60 [C1= 1.04-2.63]). Infant or childhood deaths were reported with similar frequency by
HIN ¢+ and HIV= women.

Birth weight: Birth weights of babics born to HIV ¢+ women were significantly lower than those
horn o HIV= wonien. Because numerous fictors nay contribute to EBW in the population (e.g.,
parity. maternad nutritional status, madark). the effect of HIV on birth weight was examined in
a multivariate model o the multivariate model, LBW wits more common in babics born to HIV +
women than to HIV- women (OR - 2.602; CL- 1.47-0.08)." The eftect of HIV on birth wight
appaars o be prinarily duc to anincreise in preniturity in babies born o HIV + women,

Fetal loxs: N total of 3987 women were enrolled at their first ANC visit and followed through-
out their pregnancy to delivery. Among, these women, 202 (5.1% ) had 1 second or third tri-
mester fetal death, The effect of TV intection on fetal loss (i.e.. seeond trimester abortion, fresh
stillbicth. iond macerated stllbicth ) was then examined. Overall HIV - women (6.1% ) were more
kely to have atetal death than HIV= women ( 1.8% ) (OR = 1.3 CL- 0.76-2.19), However, on fur-
ther examination, HIV 4 women were more likely to have afresh stillbicth (3.2% in 1Y 5+ women
and 3.0% in HIV=women, p - 0.0 1), but were not at any higher risk of laving a second trimes-
ter abortion or @ macerated stillbirth.

Neonatal mortality: Among 3700 women who delivered liveborn infants with known survival
status after 28 days, 162 had infants who diced in this nconatal interval for a NMR of 11 1000
live births. Compared with babies born to HIV= women, babics born to HIV & women were
more likely to dicin the nconatal period (NMR — 13 1000 vs 53 1000, respectively); however,
this difference was not statistically signiticant (p = 0.48). Thus, there is no evidenee o suggest
that NMRs were significantly higher in babices born o HIV ¢ mothers.

Postneonatal mortality: Among 3338 intants alive at 28 davs with known survival status after
365 days, 397 dicd within 305 days, for i PNMR of 112 1000 infants, Postnconatal mortality rates
were signiticanty higher ininfants born to HIV £ women (PNMR = 242 1000) than in babics
born to HIV= women (106 1000) (p- 10 ),

Second-year mortality: Among 2893 infants born to mothers with known HIV serostitus and alive
at 305 days, 1225 had known survival status atter =30 days: 137 died during that interval for
acrude second-year mortality rate of 112 1000 infants.™ Low birth weight was a signiticant risk
factor for sccond-vear mortality. Second-vear mortality rates in children born to women with
HIV infection were 209 1000 and for women without HIV infection, 106 1000, P =0.009 (Tabl¢
50). HIV infection may have been associated with as much as 10% of all deaths in the second
vear of life,

" Multiplicatn e ateraction was observed with birth order where the etieet of IV on LBW was Tess in firsthorns than in babies of higher
hirth order.

" Because of thie high namber of childeen lost 1o tollow-up. the crude second-year miortality cate oy oserestimate the actual seeond-
vear mordility rate However, tor the parposes of this analysis, crude cates i childeen born to women witl and without HIV intection
allow tor a companson of the clect of FHY on suevival
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Table 50. Sccond-year child mortality rates by maternal HIV- 1 scrostatus, MMRP, [987-1990.

.~ WOMEN TESTED -

SEROSTATUS .

HIV-1 SEROPOSITIVE 67 14 (20.9)
HIV-1 SERONEGATIVE 1158 123 (10.6)
ToOTAL 1225 137 (11.2)

Cause of death: Causces of death among children born to seropositive mothers did not differ from
those among children born to seronegative mothers during the neonatal period. During the post-
nconatal period, however, children born to HIV + women had a higher risik of death associated

with diarrhea or gastrointestinal discase than did children born to HIV= women (RR = 2.5,
Cl= 1o, p=0.002).

The ctfect of macernal FEV infection on postneonatal death was stratificd by both birthweight
and placental malaria infection status to control for potential ceafounding. After controlling for
these factors, we tound that children born to HIV + mothers veere at 2-old higher risk of post-
nconatal death than chitdren born to HIV= mothers (ML stmmury OR = 203, CE= 1L.2-4018,

P =0.009). Children born to HEV + mothers had significantly increased odds of dyving during the
postnconatal period it also born with LBW (RR= 389, Cl=1.17-12.9, p=0.025 comparcd

with LBW children bora to HIV= mothers) or if the mother had placentad malaria infection
(RR=281.Cl=1.13-7.0, p=0.028 compared with children born to seronegative, placentally-
infected mothers). Darthermore, children born to HEV + mothers with placental malaria intec-
tion were 1 times more likely to die during the postnconatal period than children born to
HIV—mothers without placent] malaria intection,

Summary findings:

In this investigation, HIV infection was shown to contribute to fresh stillhirths, to LBW babies, and
to postneonatal infant mortality and second-year mortality, but not to neonatal mortality.

Compared with infants born to 1V~ mothers, the infants born to HIV + mothers had an approxi-
mate 2-fold increased rivk of death after the neonatal period. This increased risk was seen particu-
larly for those whose deaths were associated with a diarrheal illness. Malaria infection in a preg-

nant woman may confer an additional risk for death ia babies born to HIV + women.
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J. MULTIPLE PREGNANCY

A multiple birth is a relatively infrequent event, but one that causes increased risk of morbidity
and mortality both to the mother and to the tetuses. Women with multiple pregnancies are at
increased risk tor hypertensive disorders of pregnancy. placental abruptio and previa, ancemia,
hyperemesis, and traumi or surgical intervention due to complications of labor and delivery
(08). Infants of multiple pregnancies have 510 times the mortality rate of singleton hirths because
of premature delivery, ICGR. placental and cord defects, and fetal distress and trauni from
abnormal presentations in labor and delivery (09). The prevalence of twins varics widchv, with
the highest rutes reported among the Yoruba people in Nigeria (15 per 1000 births |1 twin birth
to 21 singleton births ) and the Towest rates among, the Japanese ( approxiniucety 6 per 1000 bicths
[T twin birth 1o 172 singleton hirths | ). Higher-order gestations (e.g. eiplets, quadruplets ) are
more vare with prevadence rates of 004200 per 1000 births (T0-72) However., nuny of these esti-
mates are based on small hospital-based studics, and population-bascd mational estinites are
usually available only from countries with reliable birth CCIstrtion svstems.

Few studies of perinatal mortality include multiple births, and cause-specitic mortality analvsis
is usuatlly limited to dita from singleton births, The increased maortality and morbidity associ-
ated with multiple pregnancies could be an important cause of perinatal mortality in populi-
tons with relatively high prevalence rates and may be acause that deserves more attention,

Prevalence of multipie pregnancies

OF the 1049 women enrolled in the MMRE for whom birth outcome is known, 87 ( 2.2% ) had
twins, and one had triplets. This is a ratio of 1 multiple birth 1o cvery 45 singleton births, Of
the twins, 32 (30" ) were the same sex. 39 (1% ) were one of cach sex. and 17 ( 19% ) had one
sex unknown in the pair. Type of twin (monozygotic versus dizygotic) is unknown,

Outcomes among infants of multiple pregnancies

Mortality was high. Of the 88 multiple births, both, or all three, of the infants cither were still-
horn or dicd within the fiest vear in 23% of the pregnancies; one of the infant pair died in 254
(Table S1). Only 33 (38°% ) of the mothers hid both their infants survive up to I vear. Of the 177
infants born as multipie births, =0 (10 ) were cither fetal or infant deaths compuared with 768
(19" ) of the 3902 singleton births (p- .o0tn).
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Table 51, OQutcomes ot |

infants* born of multiple pregnancies, MMRP. 19871990,

b

OUTCOME . . PREGNANCYN =88 DEATHS*

BOTH SURVIVED 33 138%) (0]

BOTH OR ALL THREE DIED 20 123%01 a1
ONE SURVIVFD & ONE DIED 22 (25%) 22

LOST TO FOLLOW-UP

BOTH LOST TO FOLLOW-UP 5 —
ONE FETAL/INFANT DEATH & ONE LOST TO FOLLOW-UP 7 7
ONE SURVIVOR AND ONE LOST TO FOLLOW-UP 1 —_

*NT sty o v and Toset of trpleis

Mortality rates among infants of multiple births compared with those among singletons: 'The risk
of fetal or intant death for an infant of a multiple pregnancey wis more than twice the risk for
an infant of a single pregnancy. A significant ditference wits tound in all time periods (Table 520,
Perinatal mortality was increased 3.6 times and neonatal mortality: 3.9 times for infants ot mul-
tiple births compared with singletons, These findings are consistent with level of risk tor multi-
ple pregnancics reported in the United Stes (69.73). OF the 25 neonatal deaths, 18 (72% )
occurred within the fiest 2 davs of life compared with 60 ( 33% ) among the 181 singleton neonit:
tal deaths (p .00 1),

Table 520 Mortality rates per 1000 ive births and risk ratios tor infants ol single and
multiple pregnincies, MMRP, 1987-1990.

INFANT DEATH 573:3521 163 48137 350 2.15 (1.69,

NEONATAL DEATH 181:.3716 49 28149 188 3.86 (2.68,
POSTNEONATAL DEATH 3923521 111 20/137 146 1.56 (1.04,
PERINATAL DEATH? 264/3866 68 41/1695 248 3.64 (2.72,

SNwmber of breths Tor wilnch survisal status was known at the eond ot the tme perod
i <. .
PRisk ratio and 957, contidence mtersal dor desth e comparnsons betweeen mubtple birihomtants compared to smgletons

Birth-weight distribution: Mortality rates among infants o, LGW were higher than those of infants
born at nornl birth weights in all time periods during the fiest vear of life, Because infants of
multiple pregnancics are more likely to be smaller than infants of single pregnancies (73), the
birth-weight distribution of the infants of multiple gestations may explain their higher mortal-
ity rates. Of the 120 (68% ) infants with known birth weights, Y0 (75% ) were born with LBW
compared with 18% (-117:2203) among single births (p- .001). Also, 81% (38 17 ) of the deaths
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of the infants of multiple pregnancies were LBW as compared with 32% (118/369) of the deaths
among singleton births (p<<.001) (Table 53),

Table 53 Birth-weight distribution of infants ot single and multiple pregnancices among, all
births and among infants who died during the study follow-up, MMRP, 1987-1990).

 s¥neLe PREGNANCY ' " . 'MULTIPLE PREGNANCY

| ’ . ALL BIRTHS f‘-ip’snn‘s* ' ALLBIRTHS. DEATHS
ATEGORY - - N=3Bs2. . N=788 . N=177 | N=70
UNKNOWN 1699 1439%) 399 (52%) 57 (32%) 23 133%)
KNOWN 2263 369 120 a7
<1500 GM 27 (1% 22 (6%, 17 (14%) 14 (30%)
1500-1999 GM 66 (3%) 33 (9%) 37 (31%) 13 (28%)
2000-2499 GMm 324 (14%) 63 (17%) 36 (30%) 11 423%)
=2500 M 1846 (82%) 251 (68%) 30 (25%) 9 (19%)

Birth-weight-specific infant mortality rates: To control for the difterence in the birth-weight
distribution, we compared birth-weight-specific mortality rates of the infants of multiple births
with thosc of singletons. Most of the infants with reported birth weights were facility-based
deliveries, whereas those with unknown birth weights were delivered at home. Birth-weight-
specific infant mortality rates in babics of multiple pregnancies were signiticantly higher only
for infants with birth weights 22500 grams (Table 54).

Table 54 Birth-weight-specitic infant mortality rates and risk ratios tor multiple and single
pregnancices, MMRP, 19871990,

UNKNOWN WEIGHT 263/1472 179 10/38 263 1.47 (0.86, 2.54)
<1500 GM 15/19 789 11/14 786 1.00 (0.70, 1.42)
1500-1999 gMm 25/55 455 11/31 355 0.78 (0.45, 1.36)
2000-2499 M 55/296 186 9/29 310 1.67 (0.92, 3.02)
=2500 GM 215/1679 128 7/25 280 2.09 (1.15. 4.05)

* Rish ratio and 954 confidence interval of mortality rates among multiple births compared with those of singletons,
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The neonatal and postneonatal infant periods have different levels of risk and causes of mortal-
ity associated with them. When birth-weight—specific rates are compared for these periods
(Tables 55 and 56), the mortality rate for multiple pregnancies is signiticantly ditferent from the
mortality rate in singlcton infants only for infants with birth weights 22500 grams in the neona-
tal period, who have a risk almost five times that of singletons (‘Table 535). Although inants of
multiple pregnancics had higher PNMRs in cach birth-weight grouping than singletons, these
differences were not significant (‘Table 50).

Table 55, Birth-weight-specitic nconatal mortality rates per 1000 live births and risk ratios for
multiple and single pregnancics, MMRP, 19871990,

. RISK RATiO ..

" (9% 1y
UNKNOWN WEIGHT 92/1543 60 10/4 1 244 4.07 (2.30, 7.26)
<1500 GM 13/20 650 9/14 643 0.99 (0.60, 1.64)
1500-1999 GM 16/58 276 3/34 88 0.32 (0.10, 1.02)
2000-2499 GM 18/309 58 3/34 88 1.51 (0.47, 4.88)
=2500 GM 42/1786 24 3/26 115 4.79 (1.62, 14.82)

Table 56. Birth-weight-specific postnconatal mortality rates per 1000 live births and risk ratios
tor multiple and single pregnancies, MMRP, 1987-1990,

e 1 ISINGLE PREGNANCY : » MULTIPLE PREGNANCY . = £ .

BIRTH-WEIGHT." K TS Aoy s T RISK RATIO

) s/BiﬁTH.s»;"’gA E 'DEATHS/BIRTHS  RATE ' "

T A1

UNKNOWN WEIGHT 171/1472 116 0/38 o) —

<1500 GM 2/19 105 2/14 143 1.36 (0.12,15.96)
1500-1999 GM 9/55 164 8/31 258 1.58 (0.49, 5.06)
2000-2499 GM 37/296 125 6/29 207 1.66 (0.57, 4.54)
=2500 GM 173/1679 103 4/25 160 1.55 (0.45, 4.77)

Birth-weight-specific perinatal mortality rates: The perinatal mortality rate is a common indicator
of the level of health services and is also examined when there is concern that some carly neo-
natal deaths are being misclassified as stillbirths (see Section VILB.). Once again, the perinatal
mortality rate differed significantly between multiple and single birth infants only in the =2500-
gram birth-weight category (Table 57).
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Table 57 Birth-weight-specitic perinatal mortality races per 1000 fetal deaths and live births
and risk ratios for multiple and single pregnancics, MMRP, 19871990,

<

- v . R o HE
an-i.-weu'gﬂn . SINGLETON leGNAUtv MULTIPLE PR 4':;romm:\f Ri'sx'RAqu_'j
cgrsqpny, S DEATHs/Qm HS RATE DEATHS/BIRTHS RATE . (95% CI)

» o X [} . L
UNKNOWN WEIGHT 146:1634 89 18:50 360 4.03 (2.70. 6.01)
1500 Gt 15.26 577 1015 667 1.16 10.71. 1.88)
1500-1999 GM 17 66 258 5/36 139 0.54 (0.22. 1.34)
2000-2499 GM 20317 63 4/36 111 1.76 10 64. 4.87)
:2500 GM 661823 36 4/28 143 3.95 (1.54. 10.08)

Mortality rates among infants with unknown birth weight: Signiticant differcuces were also identi-
ficd in all time periods for infants with unknown birth weights, primarily for infants who were
delivered at home. Home delivery, in a sctting where the risk status ol the mother betore and
during Labor and the skills of the birth attendant are not considered in the decision about deliv-
ervosite, iy associated with increased mortality. Because the birth weight of home-delivered
infants is unknown, it is impossible to deternine it the increased mortality of these infants,
when compared with that of singletons, s due to the inereased mortality sissocitted with their
snaller birth weight (hirth-weight distribution ), to the increased mortality associated with an
inappropriate home delivery, or to a combination of both.

Summary findings and discussion:
mm_-—-m—__
Lu Malawi, maltiple births were relatively commnon. This stndy documented the associated inereased
mortality in multiple pregnaucies, even in infaunts who should have the lowest risk of mortality,
those born with weights 2500 grams. Twins or triplets with birth weights 2500 grams were at more
thau twice the risk for perinatal death than singleton infants boru with birth weights 2000-2499
grams. The lack of significant differcuce in the mortality among infants of multiple preguancies witl
birth weights - 2500 grams aud singleton infauts may be due to a true lack of a difference (1L.BW
is wore important than whether or not the inyant was a single or multiple birth) or to insufficient
sample size to detect a difference.

Becanse the birth-weight distribution of multiple births is skewed to the left (more babies born at
LBW), interventions to increase their birth weight might be the strategy of choice. However, xuch
interventions may be difficnlt to accomplish in a setting where women continue their farming,
houschold, and child-care responsibilities throughont pregnancy.

Hentification of a ultiple pregnancey and advice to deliver in a health Jacility must continue to he
emphasized. The causes of mortality among multiple preguancies should be investigated further to

provide information uecessary to design specific interventions. Midwives, clinical officers, and physi-
cians need the necessary knowledge and skills to manage preguant women during the labor, delivery,

and nceonatal periods to reduce the risk for these infants.

m
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Perinatal and infant mortality were high in the study populition with rates of 68 per 1O00 hirths
and 163 per 1000 five births, respectively. Approxinmately 107 of the deaths oceurred before
birth or within 28 davs of birth, and the remaining 5 4% accurred in the postheonatal infiant

neriod.

The perinatal and infint mortality rates were determined by iwo factors: the birth weight
distribution of the intants and the birth-wceight-specitic mortality rates, Strategics to reduce mor-
tality rates must address cfforts to reduce the likelihood ot intants being born into the lower
birth-weight categorices and ctiorts to reduce the mortality within the birth-weight categories.

[t is important o identify those strategies that will have the greatest cftect on the reduction

of mortality, given the available resources,

The risk of mortality amonyg, infants with birth weights - 2500 grams increased in the perinatal,
neonatal. and the postnconatal periods. Risk tictoes and the contribution of nudarin during preg.
nancy to LW and its components. prenaurity and 0GR, were discussed carlicr (Section VLI,
Foana G,

Strategics to reduce birth-weight-specitic mortality rates ditter depending on the birth-weight
category and the time of death, The highest mortality rates are among, intants with birth weights
22000 grams. These infants are also prinrify: premature (914 ), Onee they are born, interven:
tions to reduce the mortality among these infunts will usually require a higher level ot technol-
ogy than is corrently available in Malawi,

Of the EBW intants, 78% were in the 2000-2 199-gram category, with perinatal, nconatal, and
postnconatal mortality rates 1.2-2.5 times that of normad birth weight infants. inteeventions 1o
reduce the mortality among these infants are more Hely to be less technologically sophisti-
cated and avuilable in Malawi. Improved quality and availability of care for these infants oy
also reduce the perinatal and nconatd mortality among, the normat birth weight infints, The two
higher birth-weight groups account for 90" of the births and 73% of the perinatal deaths.

Cause of death during the perinatal and ncomtal periods is difficult to identity through verbal
autopsy. However, syphilis in pregnaney, recognized by laboritory testing to identify reactive
svphilis scrologic results, has been identitied as one of the most important contributors to peri-
natal mortality in this populition and is addressed in Section VHEC. First pregnancey. short
stature, and home delivery were independently associated with perinatal mortality in this
population. Further investigation into the preventable deachs in health facilities associated with
first pregnancy and short statuare, as well as the factors that increase the mortality among infants
who deliver at home, is needed before interventions to reduce perinatal mortality associated with
these risk fctors can be identified.

Postnconatal mortality was high in Makawi. Compared with normal birth weight infants, infants
with LBW were at increased risk for postnconatal death. Only 33% of the infants born with birth
weight - 1500 grams survived the neonatal period. This compares to 72%,92% and 90% of the
infants in the 1500- 1999-gram, 2000-2-499-gram and - 2500-pram birth-weight cutegories,
respectively. When cause of death in the postnconatal period wis explored through verbal
autopsy. diarrhea, febrile illness, or respiratory illness were reported to be the causes of death
in more than ~4% of the infants in the postnconatal period. Although the usclulness of post-
mortem questioning o identify specific causes of deathis limited, discases characterized by these
symptoms were important ciuses of mortality during this period. Further investigations should
be conducted o identify direct and underlying causes of both neonatal and postnconatad mortal-
ity so that appropriate interventions can be hetter defined.
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IX. MMRP RESULTS: MORBIDITY IN EARLY CHILDHOOD

A. MALARIA PARASITEMIA

Congenital malaria infection

We examined the incidence and consequences of congenital malaria infection in the cohort of
intants born to women delivering in study maternity units. For the purposes of this evaluation,
we detined congenital malaria infection as the presence of P, Jalciparum parvasites in the umbili-
cal cord blood of i newborn infant. (See Section VEC, for information about the frequencey of
umbilical cord blood malarit intection ). Congenital malaria illness was detined as umbilical cord
blood parasitemia or parasitemiat of the newborn with clinical signs of nualaria (c.g. tever, altered
feeding behavior, or irritabitity ),

Umbilical cord parasitemia was detected in 7% overadl: the likelihood of umbilical cord para-
sitemiit was direetly related o the density of parasites in the placenta CFable 1), When the den-
sity of placental intections was greater than FO.000 parasites mm?*. 61% of newborns had evi-
dence of umbilical cord blood parasitemia,

A group of 16 newborns with umbilical cord parasitemia was followed further to examine the
natural history of this parasitemizcand the frequency of developing associated clinical illnesses.
Babics with umbilical cord parasitemia with o density of -500 parasites mm* were followed at
12, 24,18, and 72 hours tor thick blood smear and dlinical evaluation. All peripheral and pla-
cental blood smears trom their mothers demonstrated parasitemin (GMPDs: nuternal - 223§,
placental - 9005, and umbilical cord - 2490 parasites mart). Mothers” urines were examined
for evidence of antimalirial drugs. No evidence of urine CQ was found in S0% . and 88 had
<22 parts per million of urine CQ. suggesting that most women had not reccived CQ treat-
ment within the previous 2 weeks: ALLCHO0% ) of the T newborns were aparasitemic after 48
hours, and no clinical illness was observed within 72 hours ol birth,

The findings suggest that in asctting where whigh proportion of pregnant swomen are infeeted
with 2. fulciparum malaria, their tewases or newborns have ahigh probability ot direet expo-
sure 1o these parasites, but onee the intrauterine exposure is ended, the newborn’s peripheral
blood is apparently cleared of parasites,

Malaria parasitemia in infancy

In malaria-cndemic arcas, infants aee thought to be relatively well-protected against nalaria dur-
ing the first few months of life because of passively acquired immunity. Maternal madaria expo-
sure during pregnancy might alter maternal production of antibodices and passive transter ot anti-
bodics to the fetus, but it might also expose the tetus to passively transferred infected erythro-
cvtes (see previous section on congenital malaria infection ). We assessed prospectivedy the
acquisition of malaria infection in an infant cohort and its refation to infant age. scason of
acquisition, scason of birth, birth order. and maternal placental malaria infection.

Overall, 2470 children, representing 65.0% of the original birth cohort, had information on
malari:t smer positivity during the first vear of life, All had at least one smears 1378 (55.8% )
were seen at least twice: 601 (2:6.3% ) at least three times; 140 (5.7% ) at least four times; and
18 ((L.8% ) infants were seen five times. The total number of follow-up visits tor the 2470 chil-
dren was 607 (mean 1.9 visits per child).
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Visits occurred in approxinutely equal proportions throughout the fisst year of lite (CTable 38).

Table 58 Frequency of tollow-up visits during infancy by age group. MMRE, [988- 1990,

; ;FYN}UMB:E‘R OF VISITS (%)

1 -2 727 115.8)
3-4 1142 124.8)
5-6 702 (15.2)
7-8 737 (16.0)
9-10 623 (13 5)
11 -12 676 114.7)
ToTAaL 4607 (100.0)

Among the 2470 infants, 732 (29.0% ) were born to prinigravidis, 581 (23.5% ) to sceundigra-
vidas.and TEST (16870 to women in their third or higher pregmaney. Among the infants whose
mothers” malaria placental infection status wits known at delivery. 1133 (80.0% ) were born to

mothers with unintected plreenas, and 273 (19470 were born to mothers who had malarial pli-

cental infection ac delivery. Slightly more teniale infints (S 1.3%0) than nade infants (48,7 ) were
seen in follow-up

Factors associated with parasitemia in infancy

Age: Inthe first vear of life, increasing prevalencee of parasitemia was highly correlated with
incraasing age. In the first 2 months ol lite, prevalence wis 15.5%: this increased o ~3.2% by
age 112 months (po 0001 (Figure 32).

Figure 320 Infant parasite previdence by age group, MMRP. 1987- 1990,

°s Parasitemc (N 2470mants. 1007 visis )

0
8 73.2

70 66.9
60 54.6

50

40
28.4

30

5-6 7-8
Age Group (months)

11-12
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Maternal placental malaria: The proportion of children with positive smears did not vary by the
presence of maternal placental malaria. Of intants delivered to mothers with phcentad malkaria
infection, 928 2231 (110" Yol smatrs were positive, compared with 215 532 (bt Y of smears
in infants born to mothers without placental malaria O chissquare, P-0.62) The parasite prev-
dlence in the first O months of lite was slightlv higher among those born to mothers with placen-
tal malaria intection than amony those born to mothers with aparasitemic placentas. but these
differences were not statistically significant (Figure 33). In the second 6 months of life. ¢hil-
dren born to women without malaria-intected phicentis were more often smear positive than
those born to women with placental malari infection (M summary chissquare, P 0.07). Within
particular age groups, the hirgest ditference was noted in those ages 9-10 months: 195 300
(65.0% ) of the blood smears of infants born to mothers without phieental malaria were positive
compired with 29 63 (16,07 ) of smears of infants born to mothers with placental malaria (MH

chi square. o000 ),

[nterestingly, tor all age groups, chitdren born to mothers with unknown maternal placental
malaria sttus d asignificantly higher parasite prevalence than did children born to mothers
with placental malaria infection (MU summary chi square, P = 0.005) or with placentas unin-
fecred at delivery (MEF summuary chi square. po 0.0001) (Figure 33).

Figure 33 Infant parasite prevalence by age group and plcental nualaria infection status,
MMRP, [987-1990.

| o (N 2470 infants; 4607 visits) © 2cental
% Parasitemic infection
status:
90
BO s Sk Unknown
70 Negative
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60

50

40

30

20

1-2 3-4 5-6 7-8 9-10 11-12
Age Group (months)

Season of smear: The smear-positivity rates were 15.1% (871 1931) during the rainy scason,
50.0% (729 1303) during the postrainy scason. and 35.0% (181 1373) during the dry season,
Smear positivity varied by scison within age groups (Figure 310) Highest positivity rates were
seen in the postrainy scason (Mav-August), with Towest rites generally in the dry scason
(September-December ). scasomal ditferences were more marked during the first 8 months of life;
from 9-12 months, the smar-positivity e ranged from 6% to 80%  regardless of scison,
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Figure 34, Infant parasite prevalence by age group and scason, MMRP, 19871990,

%o Parasitemic (N 2470 infants; 4607 visits)

% Season j
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Age Group (months)

The risk of a having a positive smear was signiticantly higher across all age groups in the post-
rainy scason compared with the dry season (MH-weighted OR 3.0, CL= 2.5-3.7, p-.10 ). Similarly,
the risk of smear positivity was clevated in the rainy scason compared with the dry, although
the difference was not as marked (MH-weighted OR 1.8, CL=1.5-2.1, p<. 10 “). Of note, during
the postrainy season, 19:4% of smears obtained in the first 2 months of life were positive, com-
pared with -£.6% in this age group in the dry season (OR 5.0, CL= 2.0-1.4.3, p-- 107°). Adjust-
ment for scason did not substantially alter the previously described refationship among smear
positivity, age. and maternal placental malaria.

Maternal gravigity: Overall, smear-positivity rates were similar among infants delivered o
primigravidas, +4.9% (618 1377), sccundigravidas, -+£.8% (500.1130), and women in their third
or higher pregnancy. 45.8% (937/2100). When stratificd by age, rates of infant smear positivity
continued to be similar among women of different gravidities (Figure 35),
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Figure 35. Infant parasite prevalence by age group and birth order, MM.2, (9871990,

% Parasitemic (N 2470 infants; 4607 visits)
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Season of birth: "The number and proportion of smears obtained tfrom children born in the rainy
(1473, 32.0% ), postrainy (1779, 38.6% ). and dry (1355, 29.4% ) scasons were similar.

Denyity ef parasitemia: Parasite density increased rapidly atter 2 months of age (Figure 36). The
increase was constint during the first 6 months of life, but then began to plateaa after 7-8
months ol age. remaining fairly constant through the remainder of infancy,
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Figure 36, Geometric mean pacasite density amonyg infants by age group. MMRP, 1987 1990,

Parasite density* (N=2470 infants; 4607 visits)
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* Geometne mean asestl parisites mm®

Summary findings:
S S e S
These findings indicate that in this endemic area, malaria infection occurs carly in infancy, with
as many as 40 of infants parasitemic during the high transmission season by age 4 months; as
many as 80% of infants aged 11-12 months are parasitemic during this period. Acquisition of
parasitemia was strongly influenced by age and season. In carly infancy (1-6 months), no consis-
tent relationship was observed between maternal placental malaria infection status and infant
parasitemia; however, in later infancy (7-12 months), there ways a trend toward lower infection preva-
lence in infants horn to mothers with malaria-infected placentas. When examined within age
groups, hirth oraer and season of hirtl did not substantially alter the prevalence of parasitemia dur-
ing infancy.

B. ANEMIA IN INFANCY

Childhood anemia is increasingly recognized as @ major public health problem in Africa (7-i-79).
Recent studices on hospital management of severe anemia have identificd blood transfusion as 2t
major risk factor for HIV transmission and have documented the burden anemia places on
health care facilities. Among hospitalized children, those with severe anemia are nearly 3 times
as likely to die during hospitalizition as those without severe anemia (760). Ancmia appear$ 1o
be much more common in children younger than 36 months of age and shows a sharp increase
in presvalence between 2 and 6 months of age, the same age at which prevalence of malaria
parasitemiit increases (Malawi Ministry of Health, unpublished data, 1992 ). Rates of hospitaliza-
tion for anemia also increase during the rainy season. These observations suggest that malaria
plays i dominant role in the development of anemia in carly childhood.




SECTION IX:

RESULTS

The pathophysiology of malaria-associated anemia is incomplaay understood (8081). Previous
studies have suggested i complex pattern ol increased destruction of erythrocytes, resulting
from schizont rupture of crvthroevtes, immune mechanisms (82), and dyserythropocisis (83).

Children were included in the risk factor assessment of anemii it they were singleton births,
were born in hospital, and had a henatocrit determination betore reaching the age of 120 days,
Characteristios of children with hematocrits below 25% were compared with those of children
with henutocrits of 25% and higher,

A totad of 253 children were seen before 120 days of age and had a hematocrit determination,
The mean age ¢ SDYat the dme of first tollow-up visit for these 253 children was 78% (4 23)
days. Of this group, 7% were male and their mean (0 SD) bicth weight was 2925 (4 #35)
grams. There were no difterences between children enrolied and children seen in tollow-up but
not enrolled in mean age at tirst follow-up, proportion nule. mean birth weight, or scasonal

distribution of births.

The mean hematocrit (4 SD ) of the 253 children was 29.5% (4 7.2% )t first follow-up visit,
and 65 children (25% ) had hematocerit values below 25%. No relationship between age at the

tollow-up visit and hematocerit vidue was seen (Figure 37).

Figure 37 Age at tisst follow -up and hematocrit salue, MMRP. T987-1990.
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Placental P. falciparum infection was the strongest risk factor tor being anemic at first follow-
up (Table 59). No other characteristic of the mother or the infint was statistically associated
with the infant’s anemiit. The median henatocrit value for infants with mabaria parasitenmi was
28" . compared with 31% for those without parasitemia (p = 0.02, Wilcoxon rank sums test).
Infants who were born with placental malaria were no more likely to have P falciparun intec-
tion at first follow-up than were infants without placental malaria
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C-HlLbR&;N WITH CHILDREN WITH REL,A;WE"RlsK FOR'
HEMATOCRIT <25% HEMATOCRIT:=25% HAVING HEMATOCRIT o
Rlsx,FAc1"oR - AT FIRST FOLLOW-UP AT FIRST FOLLOW-UP <2_5% (95% CIQ P V‘A‘LL}YE':

PROPORTION WITH 309% 15% 2.01.3—3.00 0.004
PLACENTAL MALARIA

INFECTION

PROPORTION WITH 10% 5% 1.7 (0.9—3.3) 0.21

ESTIMATED GESTATIONAL
AGE 36 WEEKS OR LESS

PROPORTION' WITH 1% 8% 1.3 (0.6—2.6) 0.58
BIRTH WEIGHT ’
BEL.OW 2500 G

PROPORTION WITH 16% 24% 0.7 (0.3—1.6) 0.51
FEVER EPISODE
SINCE BIRTH

PROPORTION WHOSE 41% 43% 0.9 (0.6—1.4) 0.68
MOTHERS WERE PARA-

SITEMIC AT ANTENATAL

ENROLLMENT

PROPORTION WHOSE 20% 15% 1.3 (0.8-2.2) 0.34
MOTHERS WERE PARA-
SITEMIC AT DELIVERY

MEAN ( ' SD) 32% (7%) 33% (6.2%) —_ 0.35
HEMATOCRIT OF

MOTHERS AT ANTENATAL

ENROLLMENT

MEAN ( L SD) HEMATO- 37% (9%:) 37% (9%: — 0.72
CRIT OF MOTHERS
AT DELIVERY

Among the G-+ children with hematocrits below 23% 7 (1% ) died during the 1-year period of
follow-up compared with 10 (3% ) deaths among 189 children who had hematocrit values 25%
and greater (RR 1.7, p=0.15). Survivad analysis showed a higher rate of death in children who
were anemic at the fiest tollow-up visit (Figure 38), but the difference in the two hazard curves
was not statistically significant (p=.13). Among children who dicd. the mean age of death for
Tanemic children (227 davs) was not significantly different from the mean age at death among
the 10 children not anemic at fiest tollow-up (190 days, p = 0.28. Wilcoxon rank sums test).
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Figure 38. Proportion of children dying adter first follow-up by hematocric value at fiest
follow-up, MMRP, 1987-1990.
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Discussion

In this study, young infants experienced a lower nadir in hematocrit values than populations stud-
icd in the developed world. Afthough we did not mieasure hematocrit at birth in children in
the study. the mean hematoerit value tor 2299 newborn infants born at this hospital was 66,9
(SD +9.700), Children born in Mangochi District appear to begin lite with a hematologic status
similar to that scen in the developed world, but they face a severe assault on the hematologic
svstem carly in life, In the current study, a high prevalence of anemia was found in children
who were apparently healthy, and the levels of anemia described in hospitalized children were
not limited to the select few who are typically brought to a health-care facility or who sur-
vive long enough to be hospitadized.

Placental infection was the strongest risk factor for being anemic at first follow-up. In o hospital-
basced study of anemia in children vounger than 60 months of age. malnutrition. splenomegaly,
history of fever, and parasitemia were associated witl: lower hematocerit (77). Although we did
not perform detaited clinical evaluations on children at follow-up visits, children who experi-
enced a febrife illness were no more likely 1o have hematocrit below 254% than those wio had
not had a febrite illness, Altbough malaria parasitemia was not associated with hematocrit below
25%, parasitemic childrer, had lower hematocrit vadues than aparasitemic children. These data
suggest that the onset of anemia in voung children, even when related to acquired malaria
infection. is frequently asymptomatic,

Placental malaria has been thought to affect child survival by reducing birth weight (1) In the
current study. placental malaria had a stronger etfect on hematologic strtus than LBW did and
is thus independent of the effect LBW might have had on the child's hematologic status, This
finding suggests another reason malaria programs should seck to reduce the rate of placental
malaria infection by promoting malaria prevention during pregnancy.
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Our study suggests that children with hematocrit vadues betow 25% were more likely to dice dur-
ing the first year of life than children with higher hematocerit vatues, but because of the small
sample size, this difference was not statistically significant., There was not 4 period of especially
high risk after the first clinic visit, and the risk of death appaared to extend through the tirst
vear of life.

Innoviative strategics to prevent madariassociated anemia are needed. Our data suggest that
treatment of febrile illness is unlikely to do so and that prophylaxis against malaria during preg-
naney will be an important part of any approach to prevent anemia in voung children. The asso-
ciation of parasitemia with losver hemoglobin in the absence of @ similar associttion with febrile
illness suggests that prevention. cither through targeted prophylaxis or through personal protec-
tion measures, will also be neceded.

Summary findings:

Anemia is a common problem in severely ill, hospitalized infants in Africa, but little is known about
anemia in ronnospitalized children. A total of 253 babies born to enrolled women were studicd.
A2 months of age, the mean hematoerit of the 233 infauts was 29.5%; 63 infants (25%) were ane-
mic with hematocrit values below 25 . Placental malaria infection was associated with an wfant
having anemia at 2 months of age (RR - 2.0, p - 0.003). Infants who had P. falciparam parasitemia at
age 2 months had lower hematocrit values than infants withont parasitemia (median 28% versus
3%, p--.02). The mother's hematoerit at envollment, her hematoerit at delivery, sex of the infant,
and febrile illuess in the infant were not associated with severe anemia. Although infants anemic
at 2.months of age were more likely than nonanemic infants to die during the first year of life, thiy
difference was not statistically significant (RR - 1.7, p—0.15). In raral Malawi, anemia is a common
problem in children, is acquired early in life, and is associated with an increased risk of death.
Strategies to reduce severe anemia must addresy clinically silent P. falciparum infections, includ-
ing placental malaria.

m
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X. PuBLIC HEALTH IMPLICATIONS OF STUDY FINDINGS

The results of the MMRP provide important definition to the problem of mataria in pregnancy,
the population at risk, the requirements of an effective program, and the interactions between
malaria and other discases and conditions in pregnant women. The results of the MMRP aiso
highlight factors that must be considered in the development of sound policy and strategics for
malaria control in pregnant women in arcas of high malaria transmission.

The MMRP cicarly demonstrates that malaria in pregnant women is a risk for LBW due to both
IUGR and prematurity and that this is primuarily scen in primigravidas and secundigravidas, In
this highly endemic malarious arcit, the cffect of malaria on the health of the woman (c.g.. caus-
ing fever or anemia) may exist but is refatively less important and dramatic than the effect on
LW and its risk of infant mortality. Thercefore, malaria management and prevention in preg:
nant women should be primarily considered a child survival intervention strategy in which pre-
vention of malaria-associated LBW will reduce LBW-associated infant mortality.

The three most important factors determining which pregnant women will be infected with
malaria are the woman's pregnancy number, the effectiveness of the antimalarial drug, and the
transmission scason. To be cffective. control programs must identify an ctfective antimalarial drug
and provide it to the at-risk women, thosc in their first or second pregnancices, especially dui-
ing the high transmission scasons,

The MMRP also identified an interaction between HIV and malaria infection in pregnant women.
HIV-intected women have higher rates and density of parasitemia and placental infection than
women not infected with HIV, and the babies of THIV 4 women are more likely to have malaria
infection in umbilical cord blood than babies born to women without the virus. Infant mortal-
ity is higher in babics born to HIV + women with placental malaria than in babices bhorn to HIV +
women without placental malaria. Although further evaluation of the cause of increased mortal-
ity is needed, the interaction requires increased cfforts to recognize and manage HIV and malaria
in pregnant women infected with both pathogens.

MALARIA PREVENTION IN PREGNANCY: POLICY AND PROGRAM CONSIDERATIONS

To formulate a sound policy for malaria management and prevention in pregnant women requires
decisions:
Who should receive an intervention;
What is an cffective intervention;
What drug can be delivered to pregnant women and be safe, available, acceptable, affordable;
What arc the intervention's expected outcomes; and
In what health delivery context should the intervention be provided.

Results of the MMRP provide important insights into several of these issues and may assist deci-
sion makers in the process of developing local or national policies in arcas of similar malaria
transmission in sub-Saharan Africa.

Who should receive an intervention? Results from the MMRP show that despite a high preva-
lence of parasitemia in pregnant women presenting at antenatal clinics, few women had a recent
bistory of febrile itlness that would lead to antimalarial treatment. In addition, while higher den-
sity parasitemias were associated with increased frequency of reported fever, fever was not a

good predictor of parasitemia in this population. Thus, while antimalarial treatment for fever may
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be important for the few women presenting with symptoms, a strategy to provide malaria teeat-
ment only to recently febrile pregnant women will not treat the mijority of parasitcmic women
in the population. Consequently, malaria management and prevention cfforts must be directed
to both symptomatic and asvmptomatic pregnant women,

This and other studies in Africa sbow that women in their first pregnancey are at highest risk of
malaria infection and therefore represent an important target group for prevention, The preva-
lence of malaria parasitemia and placental malaria infection in pregnant women decreases wich
increasing pregnancy number, and women in their second pregnancies continue to have higher
rates of malaria parasitemia and placental infection than women in later pregnancices. In addition,
the incidence of LBW in the population is highest in firstborns, and decreases with increasing
birth order. Finally, the link between malaria infection and LBW is most clearly seen in primi-
gravidas, but may also exist for sccundigravidas. As a consequence, the intervention should be
targeted hicrarchically: women in their tirst pregnancices constitute the primary group, women
in their second pregnancics. the next most important, and tinally, women in all subscquent
pregnancics.

In the population of all pregnant women in this arca of rural Malawi. 22.1% of pregmnt women
were primigravidas, 17.7% were secundigravidas, and the remaining 60.2% were multigravidas,
Thus, the majority of the benefit of the intervention could be obtained by providing the inter-

vention to less than -10% of the population of pregnant women,

What is an effective intervention? Results of the MMRP show that an ctfective intervention
for malaria in pregnant women must clear parasites from the placenta. Clearance of parasites from
the placenta apparently coincides with clearance of parasites in the umbilical cord blood and,
for the most part, in the peripheral blood. 1t is the clearance of parasites from the placenta and
umbilical cord that is associated with a reduction in the incidence of LBW and its subscquent
risk to infunt survival.

In the current studics, groups of women were treated with a therapentic dose of cither CQ (25
mg/kg in divided doses) or MQ (750 mg single dose ). Mctloquine was shown to be significantly
more cffective than CQ in clearing parasites from peripheral, placental, and umbilical cord blood.
In preliminary studics in 1987, the persistence of parasitemia 7 days after pregnant women
were treated with CQ (27% ) was approximately onc-half the rate seen in children under the age
of S vears in the same site (57% ) in 1986 and approximately equal to the rates in children age
59 years (27% ) in 19806. The findings suggest that arcas with CQ resistance in children may be
expected to have CQ-resistant parasites in pregnant women and that the pattern of response
may be similar to that of children aged 5-9 vears. Thus, rates of CQ resistance in children may
be usetul in predicting the efficacy of CQ in pregnant women.

The clearance of parasites from the placenta and umbalical cord blood was associated with a
reduced frequency of LBW in the population, including both preterm-LBW and IUGR-LBW. We
conclude that an cffective intervention to reduce LBW due to malaria in pregnancy must clear
parasites from the placenta and umbilical cord blood and that, in this sctting where CQ-resistant
but MQ-sensitive P. fulciparum has been documented, MQ is substantially more efficacious.

We also demonstrated that clearance of placental parasites is directly correlated with the fre-
quencey of LBW. In future attempts 10 examine antimalarial drug ctiicacy in pregnant women,
clearance of parasites from the placenta or umbilical cord blood nity be used as an outcome
measure. In addition, peripheral parasitemia cledrance may be used as a surrogate for placental
parasite clearance. Public health officials may be able o use in vivo data from antimalarial drug
cificacy studics in children as a proxy for parasite clearance in pregnant women.
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In conclusion, the MMRP demonstrated that clearance of parasites is the critical issuc in pre-
venting LBW due to makiaria in this setting. The actual name of the drug providing that clear-
ance may change with changing patterns of parasite resistance, but the ftundamental principle
remains the same: the intervention must succeed in clearing placental and umbilical cord blood
patrasites.

What drug can be delivered to pregnant women and be safe, available, acceptable, and
affordable? In addition to being ctficacious and properly targeted to the at-risk population of
pregnant women, the antimakarial drug must be sate, available, acceptable to the pregnant
women, afordible to the women or the health-care svstem, and deliverable in a regimen conve-
nicnt to the target population.

The ideal is a safe drug that provides complete clearance of parasites from the placental blood
and has pharmacokinetic properties that allow intermittent treatment or chemoprophylaxis, Sev-
crad drugs are available that share the characreristics demonstrated by mefloguine in this study.
In arcas where the drug is known to be highly cfficacious in clearing malaria parasites, CQ (in
settings like Haiti), SP combinations (¢.g., sulfadoxine-pyrimethamine, sulfalene-pyrimethamine)
in sub-Saharan Africa, and MQ have these properties. More recent studies conducted at the
Mangochi study site (1991-1992) have demonstrated that a regimen of SPogiven as a treatment
dosc at the beginning of the second trimester and again at the beginning of the third trimester
wits highly cftective in reducing malaria infection in mothers and their placentas. This regi-
men was also available in the country (approved in the national formulary and present in dis-
trict medical pharmacics), affordable (its somewhat higher price was offset by the small nun-
ber of doses required) and aceeptable (women were accustomed to going to antenatal clinic and
were willing to ingest this tasteless tablet). '

Major challenges to increased program cffectiveness include the availability of drugs and the
need to obtain high coverage of the at-risk pregnant women. In some arcas (c.g., ruril Kenya),
the primigravidas who are at highest risk of the effects of P faulciparum infection are the least
likely to attend antenatal clinic for preventive services. Thus, strategies to increase their aware-
ness of need for antenatal care and their access to and utilization of health services must be a
high priority.

What are the intervention's expected outcomes? In the evaluation of survival of infants born
with and without LBW it is clear that birth weight is an important predictor of survival in both
the neonatal and postneonatal periods of infancy. The MMRP was not designed to examine the
cffect of malaria prevention on the reduction in mortality during infaney, but extrapolations
may be made. The attribution of approximately 12% of LBW to malaria in pregnant women and
the risk of nconatal and postnconatal mortality associated with LBW suggest that the preven-
tion of malaria in pregnancy is, indeed, a child survival intervention with a documentable
outcome.

In what health delivery context should the intervention be provided? A number of
conditions, risk factors and specific diseases lead to death in young children; LBW preveation
is only one of a number of interventions which may improve child survival. Therefore, malaria
and LBW prevention with an effective antimalarial drug should be provided as part of a pack-
age. of services delivered through antenatal care programs.

Ettorts to improve child survival in sub-Saharan Africa must take a broad perspective. The
mother's health during pregnancy, at the time of delivery, and postpartum may determine as
much as or more than 30% of the risk for child mortality in sub-Saharan Africa. Although treat-
ment and prevention of P, falciparum infection in pregnancy was the focus of the MMRP, the
studics identified a number of interrelated factors—infectious, nutritional, sociocconomic, and
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cducational—that must be addressed. All women should be screened for syphilis and treated if
they have evidence of the infection. HIV is i growing problem; at this time no treatment strat-
cgy exists. Although sometimes based outside antenatal care programs, cfforts to prevent neona-
tal tetanus (tetanus toxoid viccine and clean delivery methods) must continue to be conducted
in a schedule recommended by WHO. Improving micronutrient deficiency (ce.g. iron and folate),
improving general nutrition, and reducing caloric expenditure in pregnant women who often
work in the fickds must remain a priority. Access to antenatal care and o delivery attended by
trained health care workers will significantly improve birth outcomes. Identification and refer-
ral of high-risk pregnancies and facility-based services (c.g., for blood transfusion or cesarian
sections ) will remain an important component of perinatal care. All of these factors must be
addressed as a package it antenatal clinic services are to be effective in promoting maternal health
care and improving newborn, infant, and child survival,

The development of malaria management and prevention programs in African setings requires
several steps. First, the extent of malaria in pregnant women and LBW in their infants must be
assessed, with attention to differences by gravidity and scason. Secondly, existing programs for
antenatal care services must be examined for current or potential inclusion of malaria preven-
tion services and for current coverage of the at-risk population of pregnant women. Opportuni-
ties to reach and serve primigravidas and secundigravidas must be explored, possibly includ-
ing the use of traditional birth attendants or other local health-extension workers to extend
services to communities. Finally, an examination of potential impact and cost will be impor-
tant as decisions for programming malaria prevention are formuliated. The MMRP provides data
on poteatial impact, and more recent work at the Mangochi Research Station (not described

in this report) suggests that incorporating an etfective antimalarial drug and drug regimen in exist-
ing antenatal clinic services may be cost cffective.
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