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INTRODUCTION 

Background 
Infection by HIV and malaria represents important public health problems at the present 
time in many developing countries. Malaria in pregnancy is a major problem in sub-
Saharan Africa, affecting an estimated 24 million pregnant women, especially in early 
pregnancies where malaria prevalence often exceeds 50% in endemic areas [1,2]. During 
the past two decades, HIV/AIDS has emerged as a major problem in many malaria-
endemic areas of sub-Saharan Africa, where an estimated 28.1 million people are infected 
with HIV [3]. Africa south of the Sahara thus accounts for over two-thirds of the world's 
40 million HIV-infected persons, and 80% of the world's HIV-infected women [4], with 
prevalence of HIV as high as 25-45% having been reported among pregnant women [4-
8]. Without intervention, it is estimated that up to 40% of the HIV infected pregnant 
women will pass the virus to their children through mother-to-infant transmission [9, 10], 
and this will substantially impact infant and early childhood morbidity and mortality 
[11,12]. A recent review of the available evidence for the trends in childhood mortality 
as a result of malaria over the last century suggests that, despite the absence of a targeted 
campaign, from the 1960s onwards malaria mortality in Africa was declining parallel 
with the overall changes in childhood mortality. However, over the past decade, this 
trend has reversed with an apparent increase in malaria mortality [13]. While there are 
other likely contributors to this worsening of malaria in Africa such as increasing 
chloroquine resistance, it is certainly possible that this may be due in part to the 
expanding HIV epidemic [14]. 

HUMAN IMMUNODEFIENCY VIRUS (HIV) 

Structure and pathophysiology 
Viruses are intracellular parasites, i.e., they need to get into host cells in order to 
propagate. HIV is a retrovirus, which means that it is able to make a DNA copy of its 
RNA viral genome in the host cell nucleus [15]. Retroviruses use their single-stranded 
RNA to code for the double-stranded DNA, which is integrated into the host genome, 
hence the name "reverse" or "retro" viruses [16]. Retroviruses are so-called because they 
possess a unique enzyme [reverse transcriptase (RT)], that enables them to achieve the 
reverse of the well-known dogma in cell biology: namely, that deoxyribonucleic acid 
(DNA) codes for ribonucleic acid (RNA), which in turn codes for protein. As parasites, 
retroviruses are unusual in that they integrate their genome into that of the host so that the 
viral genome is carried continuously following infection [16]. 

The virus that causes HIV is the most widely studied virus in the history of 
biomedical science. It belongs to the subfamily of the lentiviruses, which are 
characterized by a long incubation period, often giving rise to immunodeficiency, 
sometimes accompanied by neurologic complications, anaemia and pneumonia [16]. 
First isolated in 1983, the HIV virus has a bilayered lipid envelope that surrounds a 
nucleocapsid (Figure 1). It has a two surface glycoproteins envelope (gp 120 and gp 41) 
and two core (inner matrix) proteins (pl8 and p24) [16,17]. The RNA genome of HIV 
virus has at least eight genes. Three of these, namely the gag gene encodes the pi 8 and 
p24 core proteins, the pol gene encodes for the enzyme RT and the env gene responsible 
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for 'locking in' to the CD4 cell receptor codes for the membrane protein gpl60, which is 
cleaved into gpl20 (outer membrane protein) and gp41 (transmembrane protein) [16,17] 
(Figure 1). 

The HIV virus is transmitted through sexual contact or through contamination by 
blood and blood components and is thus transmissible during the perinatal period. The 
HIV has a predilection for CD4 cells and macrophages. After binding to the cellular CD4 
receptors, the intact HIV enters the host cell and sheds its protein coat. The single-
stranded viral RNA is transcribed by HIV's RT into double-stranded DNA. This viral 
DNA is then integrated into the host genome. The virus then enters a latent phase that 
may last several years. During this latent phase of infection, the immune system may be 
damaged, but the individual is asymptomatic [17]. 

In most infected individuals, viral replication is eventually replicated, which leads 
to marked destruction of CD4-positive cells [18]. Subsequent to infection with HIV, a 
reduction in the CD4 population is seen and a reversal of the CD4/CD8 ratio occurs. 
Additionally, impairment of lymphocyte production occurs and defective cytotoxic 
activity by natural killer cells is observed. B cell abnormalities have also been observed, 
including poor antibody response to new antigens and inappropriate polyclonal 
activation, with resultant elevated levels of serum immunoglobulins, circulating immune 
complexes, and various autoimmune phenomena [16]. Whatever the precise course of 
events may be, it is clear that as CD4 T cell numbers in HIV patients decline [19], they 
eventually reach a critically low level and the symptoms of AIDS begin to appear [20]. 
These multiple defects in the immune response render the host susceptible to the array of 
opportunistic infections such as tuberculosis, non-typhi Salmonella bacteraemia, S. 
pneumoniae and cryptococcal disease [21-23]. Co-pathogenicity between 
Mycobacterium tuberculosis and HIV has now resulted in tuberculosis being the 
commonest AIDS-associated illness and the leading killer in HIV-infected persons, 
especially in sub-Saharan Africa [24]. 

Effects of pregnancy on HIV 
Both pregnancy and HIV infection exert immunosuppressive effects independently. It 
has been hypothesized that pregnancy and HIV infection might operate synergistically to 
depress maternal immune function [25]. Studies of normal pregnancies have reported an 
impairment of cell-mediated immunity as well as a decrease in the number of CD4+ T 
lymphocytes [26-28]. 

Although CD4 lymphocyte counts fall in normal pregnancy, the concern that 
pregnancy may increase the rate of progression of HIV disease has not been proven [29, 
30]. Impairment of cell-mediated immunity during pregnancy complicated by HIV-l 
infection has been reported, but those findings are not consistently correlated with 
adverse clinical outcome [31], furthermore, the survival time of patients with AIDS was 
not affected by pregnancy in a small study [32]. Since pregnant women are able to 
mount a satisfactory response to intradermal skin antigens, and to reject skin grafts, it is 
likely that only certain selective functions of cell-mediated immunity are depressed 
during pregnancy [33]. A decline in the number of CD4+ T lymphocytes in the third 
trimester that returns to baseline after delivery has been observed in both HIV-infected 
and uninfected pregnancies [34]. Thus, the consensus is that pregnancy does not have a 
major adverse effect on HIV progression [35]. 
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Effects of HIV on pregnancy outcome 
The relationship between HIV infection and pregnancy outcome is well characterized 
[36]. HIV infection is associated with reduced dietary intake, malabsorption of nutrients, 
and metabolic alterations early in the infection [37], such that one might expect HIV 
disease to affect birth weight through its negative effect on maternal nutrition during 
pregnancy. However, prospective cohorts from the United States have consistently failed 
to reveal an increased risk of adverse pregnancy outcomes in seropositive mothers [31, 
38-40]. 

On the other hand, prospective cohorts from sub-Saharan Africa [41-43] have 
demonstrated HIV infection to have numerous and serious adverse effects on pregnancy 
outcome, including maternal anaemia, low birth weight, prematurity and intrauterine 
growth retardation [43]; leading to infant mortality in excess of the norm both at delivery 
and during the neonatal period [41-43]. The association between maternal HIV status 
and significantly higher rate of adverse pregnancy outcome in African cohorts is of 
interest. Vertical transmission in utero appears to contribute to poor intrauterine growth, 
although the causal relation could also be reversed when poor growth increases 
susceptibility to transmission of the virus [44]. Possible explanation for the apparent 
significant difference in outcome for infants born to seropositive African women when 
compared to similar cohorts from the United States may be related to confounding effects 
such as socioeconomic factors, nutrition, an increased rate of other maternal infections 
such as malaria, or poor access to medical care or advanced HIV disease that may not 
have been accounted for. 

Perinatal HIV transmission 
The majority of HIV infections in childhood is acquired through maternal-infant 
transmission of the virus in utero or in the peripartum period, and infection of the 
newborn is currently 100% fatal [45]. Rates of perinatal transmission range from 15-
40% of children born to women infected with HIV-1 in the absence of antiretrovirals, 
with higher rates reported from sub-Saharan Africa [46-48]. There is no doubt that the 
foetus can be infected in utero during pregnancy [49], though attention is now very 
focused on the events around delivery, as current belief is that as much as two thirds of 
vertical transmission may occur around this time. There is also good evidence that 
babies can be infected by breastfeeding; which adds another 7%-22% risk of 
transmission [50]. 

MALARIA 
The malaria parasite is transmitted via the bite of the female Anopheles mosquito. In 
regions that are less optimal for mosquito breeding, and thus parasite transmission (e.g. 
areas at high altitude, with low rainfall, low mean annual temperatures), the number of 
infected bites per person is lower. This reduction in transmission can result in unstable or 
epidemic malaria. In these areas, people do not develop a significant level of immunity, 
and thus remain equally susceptible to infection, serious morbidity and mortality at all 
ages [51]. 

In areas of high malaria transmission, individuals receive a large number of 
infective mosquito bites per year. In these areas, malaria is characterized as stable or 
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holoendemic. Children suffer repeated malaria attacks and morbidity and mortality 
mainly occurs in children below the age of 2 years [51]. As a result of frequent exposure 
to the parasites, children acquire substantial immunity by the age of 5 or 6 years, 
resulting in milder and asymptomatic malaria in older children and adults [52]. In these 
areas, immune persons develop antitoxic (anti-disease) immunity because the level of 
parasitaemia may be reduced, but parasites are rarely completely cleared from circulation 
[53]. An exception is during pregnancy, when the risks of maternal anaemia [54-56] and 
low birth weight are increased by malaria [57-59]. The risks and severity are more 
pronounced especially in the first malaria-exposed pregnancies (primigravidae) [60]. 

Malaria in Pregnancy 
Pregnancy is a major risk factor for malaria parasitaemia and disease. In malaria 
endemic areas, the incidence of malaria is increased during pregnancy compared to the 
non-pregnancy state [52,57]. The frequency of a patent parasitaemia and disease depend 
on the endemic conditions under which women are living, parity and gestational age [58]. 
In areas of stable P. falciparum transmission, infection in pregnant women is frequently 
asymptomatic, but what makes malaria in pregnancy unique is that parasites sequester in 
the placenta, where infection is often extremely heavy [61-63]. Parasites are seen in 
maternal erythrocytes in the intervillous space in active/acute infection. If there is 
longer-standing infection, haemozoin (malaria pigment) is seen in peri-villous fibrin 
deposits in the placenta. Thickening of syncytiotrophoblast basement membrane in 
association with placental malaria is a consistent feature and an intervillous inflammatory 
response often occurs with infiltration of mononuclear inflammatory cells resulting in 
altered placental integrity [1, 64]. 

It was a widely held belief that pregnancy attenuates the immunity established to 
malaria at an earlier age. However, this does not explain the unique susceptibility to 
malaria of primigravidae (women in their first pregnancy), compared to multigravidae. 
Until recently, the mechanisms through which placental parasite sequestration occurs 
have been unclear. Recent evidence of studies in Malawi and Kenya has identified a 
subset of parasites, which have the ability to adhere to chondroitin sulphate A (CSA) on 
syncytiotrophoblast in the placenta [65]. These parasites may differ from other P. 
falciparum strains in their pathological effects and antigenic expression, resulting in 
evasion of the parasite from the established immune surveillance and splenic clearance. 
A woman becomes highly susceptible to infection in her first pregnancy but, with 
successive pregnancies, organ specific immunity to this subset of parasites may develop, 
leading to reduced frequency and severity of malaria in pregnancy [65]. 

Complications of malaria in pregnancy: 
Because in areas with high transmission, P. falciparum infection is generally not 
associated with acute symptoms such as fever, it remains undetected and untreated. 
Adverse complications implicating malaria as a major contributing factor include: 
maternal and infancy anaemia, low birth weight, premature delivery and maternal and 
foetal mortality [60]. The incidence and magnitude of complications vary depending on 
the malaria endemicity and malaria immune status of the individual. 
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Maternal and infant anaemia 
An important complication of malaria in pregnancy is the development of anaemia [54-
56]. The malaria parasite develops within red blood cells and may cause anaemia via 
several mechanisms including direct and indirect haemolysis, accelerated removal of red 
blood cells in the spleen, and suppression of erythropoiesis [52]. In the tropics, anaemia 
due to malaria often occurs in conjunction with other important causes of anaemia 
including nutritional deficiencies, HIV and hookworm infections [55,66]. In sub-Saharan 
Africa, it is estimated that between 50-70% of pregnant women are anaemic with 5-15% 
being severely anaemic. Severe anaemia is a major obstetric problem, and has been 
associated with maternal morbidity and mortality and premature delivery [67,68,69]. 
Several studies have demonstrated that protection against malaria leads to an increase in 
haemoglobin levels in primigravidae and generally prevents severe anaemia during 
pregnancy [1, 69-71]. 

Maternal mortality due to malaria with or without anaemia is high in non
immunes [72]. In semi-immunes, maternal mortality from malaria is increased in the 
presence of anaemia, and commonly results from severe postpartum haemorrhage 
[73,74]. In areas with unstable malaria transmission, severe disease in pregnant women 
has'been associated with 20-30% maternal mortality, and a very high risk of spontaneous 
abortion, premature delivery and neonatal death, occurring in women of all gravidities 
[75]. In areas with high P. falciparum malaria transmission, where women may have 
substantial acquired antimalarial immunity, women in their first and second pregnancies 
are most at risk of malaria and malaria-associated complications such as maternal 
anaemia and low birth weight [1,64]. 

Low birth weight and Preterm delivery 
Twenty four of the twenty five million low birth weight (LBW; weight < 2500 grams) 
babies born each year are from developing countries, and placental malaria has been 
identified as a risk factor for LBW [1,57,58], presumably through decreased nutrient 
transport across the placenta. Additionally, maternal anaemia is also a risk factor for 
LBW [76], and LBW is the single greatest risk factor for neonatal and infant mortality 
[77]. While in developed countries LBW usually results from preterm delivery (PTD), in 
developing countries, it is mostly a consequence of intrauterine growth retardation 
(IUGR) [78]. Malaria-associated LBW may have different causes in different 
epidemiologic settings. In areas with a high rate of malaria transmission, infections early 
in pregnancy are associated with IUGR, whereas infections later in pregnancy are 
associated with PTD [79]. The mechanisms through which LBW occurs include an effect 
of maternal anaemia, haemodynamic disturbance of utero-placental circulation [75]; 
placental damage leading to impaired nutrient supply [80]. An association with pre
eclampsia has been suggested [81]. 

Congenital malaria 
Although studies have reported high rates of cord parasitaemia [82-85], the incidence of 
congenital malarial infection (defined as the presence of parasites in the infant within 7 
days of birth) is extremely low among infants of semi-immune women in malaria 
endemic areas [85]; none of the reported rates exceeds 0.7%, whereas rates in newborns 
of non-immune mothers range between 1% to 4% [85]. The exact mechanism of parasite 
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passage through the placental barrier is unknown, but possibly may be due to damage of 
the placental barrier during delivery [85] among women with dense placental infection or 
untreated cases of severe P. falciparum infection [84]. 

Perinatal and infant mortality 
Spontaneous abortion, stillbirth, premature and false labour occur in women with malaria, 
especially in the case of massive infection of the placenta and high fevers; such clinical 
manifestations are expected in severe untreated P. falciparum during epidemics in areas 
with unstable malaria transmission [72,86]. Stillbirth rates in areas with stable 
transmission are low, with higher rates recorded among primigravidae [57,58]. Reported 
rates of spontaneous abortion due to malaria in stable areas are variable and unreliable. 
Presumably, this is due to several confounding factors such as prior use of antimalarial 
drugs, failure to demonstrate a patent parasitaemia at the time of abortion even if it was 
the underlying cause, and under-reporting in respect of retrospective studies. 

A few studies that have attempted to estimate the actual contribution of malaria to 
infant mortality have yielded modest estimates of 3-8%, and likely reflect the range of 
possible contribution [87,88]. Because the required sample size may be prohibitively 
large, no studies have attempted to make direct observation of contribution of malaria to 
infant mortality. However, because infant mortality varies widely across malaria-
endemic settings (50-175 per 1000 live births), it has been approximated that globally, 
75,000-200,000 infant deaths might be attributable each year to malaria during pregnancy 
[89]. In 1999, UNICEF estimated that infant and under-5 mortality in Kenya were at 75 
and 104 per 1000 live births respectively [90]. These figures are significantly lower than 
those reported from Asembo Bay, in western Kenya where malaria transmission is 
intense and perennial. Prospective data from this area indicate infant and under-5 
mortality of 176 and 257 per 1000 live births respectively [91]. Antenatal clinic surveys 
in this area indicate HIV infection rates of 25-30%, suggesting HIV has substantial 
impact on child survival in western Kenya. 

THE INTERACTION BETWEEN HIV AND MALARIA 
The epidemic of HIV/AIDS in areas where P. falciparum is endemic has generated 
serious concern about potential interactions between the two infections, especially in sub-
Saharan Africa [92-101]. Although driven by very different transmission modalities and 
dynamics, the wide geographic overlap and the concurrent high prevalence of both HIV 
and malaria mean that even modest effects of one infection on the other could lead to 
substantial impact in populations [14]. 

The Impact of malaria on HIV 
The hypothesis that AIDS is a 'tumor necrosis factor disease' implicates TNF as a major 
contributor to viral replication and dissemination through-out the body [102]. Because 
infection with P. falciparum induces CD4 cell activation [103], which enhances 
production of proinflammatory cytokines in plasma [104], malarial infection is expected 
to enhance HIV replication [105,106] and thus accelerate HIV-disease progression [107]. 
This hypothesis is supported by studies that have shown increased HIV replication both 
in blood mononuclear cells exposed to malaria antigens in vitro [108] and in transgenic 
mice carrying complete DNA copies of the HIV genome and infected with P. chabaudi 
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[109]. In a more recent study, proviral loads were shown to be significantly higher 
among HIV-infected persons with clinical malaria, compared to controls, and that these 
levels remained high for at least 4 weeks after treatment [110]. Even though these studies 
suggest that malaria in HIV infected person should reduce the time taken to develop 
AIDS, this has not been proven in longitudinal epidemiologic studies [111] or laboratory 
models [112]. 

The Impact of HIV on malaria 
HIV infection is responsible for various immunological abnormalities, the hallmark of 
which is a qualitative and quantitative defect of CD4 T cells, leading to a decreased 
production of both IL-2 and EFN-Y [18]. It is hypothesized that the HIV related 
immunosuppression could lead to increased prevalence rates of P. falciparum infection, 
since cellular mechanisms play a major role in protection against malaria [113,114]. 

Distinguishing the effect of HIV on malaria between children and adults is 
essential: defective acquisition of anti-parasite immunity following exposure in the early 
years of childhood may manifest clinically or parasitologically in very different ways to 
progressive loss of established anti-parasite immunity in adults. 

The burden of malaria in African children is high and it might be expected that if 
HIV is significantly affecting malaria, this should be the population in which to record 
the interaction. However, it is surprising that young children infected with HIV, either by 
mother-to-child transmission, or by transfusion observed in the longitudinal [111,115] or 
cross-sectional surveys [116-119], who presumably had not developed a significant 
immune response to malaria when tested for HIV [120], did not have high levels of 
parasites when compared to controls. The main criticism of these longitudinal studies 
were the short duration of follow-up due to study design and poor survival of HIV-
infected children [111] and did not give characteristics of asymptomatic parasitaemia in 
their study population [115]. The shortcomings of the cross-sectional studies were that 
they used sick children [116,117] and had a problem of testing HIV that did not address 
the problems of HIV diagnosis in young children [117-119]. These studies also had 
substantial bias, and consequently, it is difficult to draw any conclusion from these 
studies. 

Among adults, a significant feature of the diseases in African AIDS patients is the 
loss of resistance to endogenous parasites and infections normally controlled by 
macrophages, and this loss of resistance is attributed to the reduction in CD4 generated 
EFN-y [114]. Thus, one would expect a reduction in macrophage killing of malaria in 
HIV subjects, leading to an increase in malaria disease. Laboratory studies using mice 
infected with P. berghei and the LP-BM5 murine leukaemia virus, which induces murine 
AIDS found that the ability of mice to develop experimental cerebral malaria decreased 
with the severity of the immunodeficiency caused by viral infection, and that IL-10 was 
implicated in this protection by down-regulating the secretion of inflammatory cytokines 
[121]. Previous epidemiologic studies among non-pregnant adults reported that HIV 
infection did not influence severity of malaria [122-126] or its clinical presentation [127]. 
Based on these studies, it was concluded that there was no biologic association between 
HIV and P. falciparum infection [128]. However, these studies were small, cross-
sectional and suffered from substantial selection bias [101]. In addition, the hospital and 
clinic-sited studies were based on individuals attending when sick (patients with fevers 
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and/or diarrhoea), no information on pre-attendance therapy was available; and 
characteristics of HIV-infected persons were missing [129]. As was the case with studies 
among children mentioned above, it is also difficult to draw any conclusion from these 
studies among adults. 

During the last few years, however, a different picture has begun to evolve. 
Recent case control [130] and longitudinal [129,131] epidemiologic studies investigating 
clinical pattern of malaria in HIV-infected persons have shown HIV infection to be 
associated with an increase in the frequency of clinical malaria and parasitaemia, 
particularly among individuals with advanced HIV disease (as measured by decreasing 
CD4 lymphocyte counts). These findings suggest an increased HIV-related public health 
problem in Africa, and have important implications for clinical management of 
HIV/AIDS patients in malaria-endemic areas. Thus, the growing optimism that somehow 
the critical global malaria situation, especially in Africa, was largely unaffected by the 
HIV epidemic may need revision [14]. 

HIV and malaria in pregnancy 
Pregnancy establishes an extremely vascular organ which shields the parasite from 
destruction by extrauterine immune effector mechanisms, and which permits parasite 
replication within its confines [1]. This happens within an otherwise effectively immune 
host. Pregnant women have an immune system, which is biased towards type 2 humoral 
defense mechanisms and away from type 1 cellular response because the latter may 
compromise the viability of the foetal-placental unit [132]. There is evidence to suggest 
that cell-mediated but not antibody responses to malaria parasites are suppressed during 
pregnancy [133,134]. 

Pregnancy is thus an important pre-disposing risk factor for malaria, and infection 
with HIV appears to increase this risk. Studies among pregnant women in sub-Saharan 
Africa provided the first evidence to suggest an important public health problem arising 
from the interaction of HIV and malaria. HIV infection appears to impair malarial 
immunity among pregnant women, such that HIV infected pregnant women demonstrate 
more frequent and higher density parasitaemias than HIV uninfected pregnant women [6-
8, 135]. This was initially thought to be a problem principally in muitigravidae due to 
presumed HTV-l-associated alterations in the immune memory mechanisms responsible 
for the parity-dependent acquisition of antimalarial immunity [6]. However, subsequent 
studies in western Kenya, where one-in-four pregnant women have HIV infection, 
showed HIV infection to be directly responsible for one-third of all malarial infections in 
primigravidae and as much as one-half of malarial infections in muitigravidae [135]. 

Malaria chemoprophylaxis during pregnancy 
Because of the consequences of P. falciparum infection during pregnancy in areas of high 
endemicity, the World Health Organization (WHO) recommends women living in such 
areas to receive chemoprophylaxis during pregnancy with safe antimalarial agents to 
protect the mother and her child from the harmful effects described [136]. However, 
WHO did not specify which agents to be used, allowing each country to develop its own 
protocol for malaria chemoprophylaxis in pregnancy [137]. 

Historically, the mainstay of this prevention has been the weekly chloroquine 
prophylaxis. The efficacy of any antimalarial policy depends on the susceptibility of the 
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parasite to the drug used and on the adherence of the patient to the drug regimen. The 
choice of an efficacious and safe regimen has, however, become increasingly challenging 
because of widespread chloroquine (CQ) resistance and poor adherence [138-141], 
prompting some countries in malaria endemic areas of sub-Saharan Africa to change their 
first line malaria treatment and prevention drug from chloroquine to sulfadoxine-
pyrimethamine (SP, Fansidar®) [142-144]. If an antimalarial is effective when taken 
periodically in doses sufficient to clear parasitaemia, and needs only be given twice 
during pregnancy, it would be a safer alternative to regular daily or weekly prophylaxis. 
This would also mean it could be given when women come to the antenatal clinic, 
thereby improving adherence. 

Scope of the thesis 
This thesis is based on two main studies, which were designed to complement findings of 
two studies carried out in Malawi [145,146]. 

Intermittent preventive treatment of placental malaria with sulfadoxine-pyrimethamine 
(SP) 
In 1994, Schultz et al [145] demonstrated that two treatment doses of SP, administered 
once in the second and once in the third trimester, was efficacious in decreasing placental 
malaria in an area where persons receive, on average, 50 infective mosquito bites/year. 
Important remaining questions included whether such a two-dose SP regimen would be 
sufficiently efficacious in an area with even higher malaria transmission and where 
malaria transmission is less seasonal than at the Malawi study site and, additionally, 
whether SP would be effective in an area with a high prevalence of HIV infection. 

In western Kenya, where women receive 200-300 infective mosquito bites/year 
[147], the standard of care at the time of this study was to provide fever case management 
(CM), that is, antimalarial treatment for febrile episodes accompanied by parasitaemia 
during pregnancy. In the first investigation which was conducted from December 1994 
through July 1996, we compared CM to two presumptive (preventive) intermittent SP-
treatment regimens, namely: (1) two-dose SP, with treatment doses (1,500 mg 
sulfadoxine and 75 mg pyrimethamine) at enrollment and again early in the third 
trimester; (2) monthly SP, with treatment doses at enrollment and then monthly through 
34 weeks of gestation. The objectives of the study were to determine the efficacy of the 
different regimens in the prevention of placental malaria, to examine for adverse effects 
associated with SP use, and to assess the effect of HIV infection on antimalarial efficacy 
and adverse drug reactions (Chapter 2). 

Placental malaria and perinatal vertical transmission of HIV 
Our second study was based on findings of retrospective analysis of data in Malawi [146] 
which suggested that exposure to both placental malaria and maternal HIV infection 
increased the risk of post-neonatal mortality by 3-8 fold when compared with infants 
born to mothers with either HIV infection or malaria alone. A possible explanation for 
this association could be that PM either stimulates HIV viral replication or it disturbs the 
placental architecture, thereby facilitating transfer of HIV-infected cells or free virus in 
utero. Confirmation of this association would have enormous implications, especially in 
sub-Saharan Africa where endemicity of malaria and HIV overlap. If confirmed, malaria 
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chemoprophylaxis during pregnancy could then be a practical, inexpensive, and widely 
applicable preventive strategy in reducing mother-to-child transmission of HIV. 
Consequently, we carried out a study in western Kenya between June 1996 through July 
2001, whose primary aim was determine the effect of placental malaria on perinatal 
transmission of HTV (Chapter 3). 

Other studies of the interaction between malaria and HIV in pregnancy 
The second study presented an ideal opportunity for additional sub-studies that looked at 
the impact of both HIV and malarial infections on maternal and infant health. Specific 
areas explored the following: an evaluation of the risk factors for HIV infection among 
asymptomatic women attending antenatal clinic (chapter 4); maternal malaria and HIV 
infections as risk factors for third trimester maternal anaemia (chapter 5); an evaluation 
of the effect of dual infection with HIV and malaria on pregnancy outcome (chapter 6); 
maternal malaria and HIV infections as risk factors for anaemia in infancy (chapter 7); 
and the effect of HIV infection on maternal and cord antibody responses to malarial 
antigenic determinants and on the mother-to-infant transfer of antibodies (chapter 8). 

Description of the study site 
These studies were conducted at the Nyanza Provincial General Hospital (NPGH), a 
large publicly funded hospital, in Kisumu, a city with a population of approximately 
320 000 people located on the shores of Lake Victoria in western Kenya [148], while 
most of the laboratory investigations took place at the Centers for Disease Control 
and Prevention (CDC), Kenya Field station, based at the Centre for Vector Biology 
and Control Research of the Kenya Medical Research Institute (CVBCR/KEMRI) at 
Kisian (Figure 2). 

The main ethnic groups in this area are the Luo, followed by the Luhya and 
the Kisii. The climate is tropical with a distinct wet and dry season. Malaria is 
endemic and transmission occurs all year round although transmission intensifies 
during rainy season, which includes the months of April, May and June (long rains) 
and October and November (short rains). P. falciparum is the predominant species, 
accounting for 98% of malaria cases. The remaining 2% are caused by P. malariae 
and P. ovale. Chloroquine resistance is prevalent in the area with 75-80% of P. 
falciparum strains showing RII/RTfl resistance pattern [141]. HIV infection is also 
highly prevalent in the area, with 25% of the women attending antenatal care (ANC) 
clinic being HIV seropositive [7,149]. NPGH with 400 beds provides health care 
mostly to the low-income population in this area. On average, about 30 pregnant 
women present each day for their first antenatal care visit to the ANC service. 
Kenya is one of the poorest countries in the world with a rapid population growth due to 
a high fertility rate (6.4 birth per woman). The estimated maternal mortality rate is 620 
per 100, 000 births and infant mortality rate is 134 per 1000 live births, rates which are 
among the highest in the world [148]. Malnutrition, malaria and anaemia are the main 
three causes of mortality in the under-5's in our study area, whilst in the older age groups 
AIDS-related infections are the main causes of mortality. 
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FIG. H. Schematic representation of the HIV. The cylindrical inner core shows the RNA 
strand closely associated with the RT, and surrounded by the p24 and p18 core proteins. 
While the gag gene codes for the p24 and p18 core proteins, the RT is encoded for by 
the pol gene. The envelope, encoded by the env gene, makes up the surface of the 
virus. It has about 80 knob-like structures of glycoprotein (gp120) each connected to a 
transmembrane protein component (gp41). In addition to the structural genes mentioned, 
the HIV genome is made up of a number of regulatory genes (vit, vpr, rev, tat, vpu and 
net). 

Adapted from Abimiki AG and Gallo RC: HIV basic virology and pathophysiology. In: 
HIV infection in women, ed. Minkoff HL, DeHovitz J A and Duerr. Raven Press, NY 
1995. 
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Fig. 2. Study site 
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EFFICACY OF SULFADOXINE-PYRIMETHAMINE FOR PREVENTION OF PLACENTAL 
MALARIA IN AN AREA OF KENYA WITH A HIGH PREVALENCE OF MALARIA AND 

HUMAN IMMUNODEFICIENCY VIRUS INFECTION 

MONICA E. PARISE. JOHN G. AYISI, BERNARD L. NAHLEN, LINDA J. SCHULTZ. JACQUELIN M. ROBERTS, 
AMBROSE MISORE, RICHARD MUGA, AGGREY J. OLOO, AND RICHARD W. STEKETEE 

Division of Parasitic Diseases. National Center for Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, 
Georgia; Kenya Medical Research Institute. Kisian. Kenya; Kenya Ministry of Health, Kisumu. Kenya 

Abstract. A fever case management (CM) approach using sulfadoxine-pyrimethamine (SP) was compared with 
two presumptive intertmittent SP treatment regimens in the second and third trimesters in pregnant primigravidae and 
secundigravtdae in an area of intense Plasmodium falciparum malaria transmission in western Kenya. The investi
gation evaluated efficacy of the antimalarial regimens for prevention of placental malaria and examined the effect of 
human immunodeficiency virus (HTV) infection on antimalarial drug efficacy and adverse drug reactions. Twenty-
seven percent (93 of 343) of pregnant women in the CM group had placental malaria compared with 12% (38 of 
330; P < 0.001) of women who received two doses of SP and compared with 9% (28 of 316; P < 0.001) of women 
who received monthly SP. Fourteen percent (49 of 341) of women in the CM group delivered low birth weight (LBW) 
infants compared with 8% (27 of 325; P = 0.118) of women who received two doses of SP and compared with 8% 
(26 of 331; P = 0.078) of women who received monthly SP. Seven percent (7 of 99) of the HIV-negative women 
on the two-dose SP regimen had placental malaria compared with 2 5 % (10 of 39; P = 0.007) of HIV-positive women 
on the same regimen; the rate of placental malaria in HIV-positive women was reduced to 7% (2 of 28; P - 0.051) 
for women on the monthly SP regimen. Less than 2% of women reported adverse drug reactions, with no statistically 
significant differences between HIV-positive and HIV-negative women. Intermittent treatment with SP is safe and 
efficacious for the prevention of placental malaria in pregnant primigravidae and secundigravidae in sub-Saharan 
Africa. While a two-dose SP regimen may be effective in areas with low HIV seropre vale nee, administration of SP 
monthly during the second and third trimesters of pregnancy should be considered in areas of high HIV seropre valence 
to prevent the effects of maternal malaria on the newborn. 

In sub-Saharan Africa, pregnant women are more likely 
than their non-pregnant counterparts to become infected with 
Plasmodium falciparum malaria and have a higher density 
of parasitemia.' -: In areas of high P. falciparum transmission, 
infection in pregnant women is frequently asymptomatic but 
can lead to parasite sequestration and altered placental in-
tegrity.3-5 Placental malaria is a risk factor for low birth 
weight (LBW),6-* presumably through decreased nutrient 
transport across the placenta. Additionally, malaria parasit
emia may contribute to maternal anemia,9-10 also a risk factor 
for L B W n Low birth weight is the single greatest risk factor 
for neonatal and infant mortality.12 In areas with high P. 
falciparum malaria transmission, where women may have 
substantial acquired antimalarial immunity, women in their 
first and second pregnancies are most at risk of malaria8- '3 

and of malaria-associated LBW. ' I 2 I J 

In these same sub-Saharan African settings, human im
munodeficiency virus (HIV) infection has become increas
ingly prevalent in women of reproductive age.14-16 Recent 
studies suggest that HIV infection may diminish a pregnant 
woman's capacity to control P. falciparum infection17 and 
thus may lead to decreased efficacy of antimalarial interven
tions. The presence of placental malaria in HIV-positive 
women may also increase the risk of vertical transmission 
of HIV.1* In addition, infection with HTV may predispose the 
woman to adverse events associated with sulfa-containing 
antimalarials. Adverse drug reactions (ADRs),'9 including 
fatal ones,20 have been reported in HIV-positive persons us
ing sulfadoxine-pyrimethamine (SP) for prophylaxis against 
Pneumocystis carinii pneumonia. Case-fatality rates for 
ADRs, particularly severe cutaneous adverse reactions, have 
been reported to be higher after administration of drugs with 

long elimination half-lives, such as SP, compared with drugs 
with shorter half-lives.21 

Because of the consequences of P. falciparum infection dur
ing pregnancy, the World Health Organization recommends that 
women living in malarious areas receive chernoprophylaxis 
during pregnancy.22 The choice of an efficacious and safe reg
imen has, however, become increasingly challenging because 
of widespread chloroquine (CQ) resistance. In 1992, Schultz 
and others13 demonstrated that two treatment doses of SP, ad
ministered once in the second and once in the third trimester, 
was efficacious in decreasing placental malaria in an area where 
persons receive, on average, 50 infective mosquito bites/year. 
Important remaining questions include whether such a two-dose 
SP regimen would be sufficiently efficacious in an area with 
even higher malaria transmission and where malaria transmis
sion is less seasonal than at the Malawi study site and, addi
tionally, whether SP would be effective in an area with a high 
prevalence of HTV infection. 

In western Kenya, where women receive 200—300 infec
tive mosquito bites/year,24 the standard of care at the time of 
this study was to provide fever case management (CM), that 
is, antimalarial treatment for febrile episodes accompanied 
by parasitemia during pregnancy. In this investigation we 
compared CM to two presumptive intermittent SP-treatment 
regimens. The objectives of the study were to determine the 
efficacy of the different regimens in the prevention of pla
cental malaria, to examine for adverse effects associated 
with SP use, and to assess the effect of HIV infection on 
antimalarial efficacy and ADRs. 

METHODS 

Study site. The study was conducted from December 
1994 through July 1996 in Kisumu District HI western Ke* 
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nya. Malaria transmission (principally P. falciparum, present 
in approximately 98% of cases, with low levels of P. ma-
lariae or P. ovale)25 is highest at the end of the long rainy 
season which usually extends from mid-April through June. 
Chloroquine resistance is prevalent, with approximately 75% 
of P. falciparum infections demonstrating RH/RUI responses 
to a standard CQ regimen.16 

Enrollment. Women were enrolled in the antenatal clinics 
(ANCs) of the two large government hospitals. New Nyanza 
Provincial General Hospital and Kisumu District Hospital, 
in Kisumu District. Women in their first and second preg
nancies presenting to the antenatal clinics who were between 
16- and 26-weeks gestation were invited to participate. The 
study protocol was approved by institutional review boards 
at the Kenya Medical Research Institute (KEMRI) and at the 
Centers for Disease Control and Prevention (CDC). 

After explanation of study procedures and collection of 
signed informed consent, enrolled women completed the 
routine ANC registration, including an abdominal/pelvic ex
amination performed by the clinic nurse midwife. A ques
tionnaire was administered to collect data on demographics, 
socioeconomic status (SES) (based on house construction), 
malaria symptoms, and antimalarial drug use. Addresses and 
contact information was collected to aid in follow-up pro
cedures. Women who reported prior ADRs to sulfa-contain-
ing medications, or to any unknown antimalarial medication, 
were excluded from the study. Height, weight, and temper
ature were measured. A fingerstick blood sample was drawn 
for hemoglobin testing and for a malaria thick blood smear. 
Urine was collected for qualitative analysis for 4-amino-
quinolones and sulfa compounds. When funding became 
available in June 1995, HIV counseling and testing was of
fered to all women enrolled. 

Women were systematically assigned to receive one of 
three regimens using a rotating assignment based on day of 
clinic visit: 1) two-dose SP, with treatment doses (1,500 mg 
of sulfadoxine and 75 mg of pyrimethamine) at enrollment 
and again early in the third trimester; 2) monthly SP, with 
treatment doses at enrollment and then monthly through 34 
weeks of gestation; or 3) CM, with SP given only to women 
presenting with a recent history of fever and parasitemia. 
Women on the CM regimen were given a treatment dose of 
SP if they complained of fever within the last seven days 
and had documented fever (axillary temperature > 37.5°C) 
with any parasite count or undocumented fever and periph
eral parasitemia ^ 5,000 parasites/u.1. All participating wom
en were asked not to self-administer antimalarials in addition 
to study medication; instead they were asked to return to the 
study team for evaluation any time they experienced symp
toms of malaria between scheduled visits. Women were giv
en 200 mg of ferrous sulfate and 5 mg of folic acid for 
administration daily during their pregnancies. 

Follow-up. At two and four weeks after enrollment and 
then monthly until delivery, women were asked about ma
laria symptoms and potential side effects of SP treatment, 
and a temperature and blood smear were taken. Hemoglobin 
was remeasured in the beginning of the third trimester. 
Women with illness or severe anemia detected at any time 
were referred to the hospital staff for medical care. Once 
available, women were offered confidential HIV testing, 
with pre-and post-test counseling either during their preg

nancy or at delivery. The HTV counseling was performed by 
trained counselors who were fluent in the local languages 
(Dholuo and Kiswahili). Sulfadoxine-pyrimethamine was 
not administered at intervals of less than one month. The 
ANC records were checked before each dose to ensure that 
SP was not given in the last month of pregnancy. A study 
team member observed the ingestion of all scheduled anti
malarials. Women were encouraged to deliver in the hospital 
and the study team assisted with transportation when needed. 

Delivery. Study women presenting to the hospital for de
livery were asked about recent malaria symptoms and any 
complications of the pregnancy. Following delivery, thick 
blood smears were made from maternal capillary (finger-
stick) blood, the maternal side of the placenta, and from the 
umbilical cord. Newborns were weighed on a digital scale, 
accurate to the nearest gram, within 24 hr of delivery. Ges
tational age was determined by physical and neurologic ex
amination, using a modified standardized Dubowitz meth
od.27 Urine was collected for antimalarial drug testing. 

Infant follow-up. General health status, including exam
ination for scleral icterus, was assessed in all newborns be
tween three and seven days of life and again at six weeks 
of age. Any infant showing signs of illness was referred to 
the hospital or clinic and the study team assisted with trans
portation when needed. An attempt was made to determine 
the cause of any neonatal deaths by questioning the mother 
about premortal symptoms. 

Laboratory investigations. Thick blood smears were 
stained with Giemsa and examined for malaria parasites. 
Parasites and leukocytes were counted in the same fields 
until 300 leukocytes or 500 parasites were counted. Parasite 
densities were estimated using an assumed leukocyte count 
of 6,000 leukocytes/mm3 of blood. The limit of detection 
was approximately 10 parasites/mm3. A HemoCue* hemo
globin detection system (HemoCue AB, Angelholm, Swe
den)28 was used to measure hemoglobin. A modified Saker-
Solomons test^ and the method of Mount and others,30 re
spectively, were used for the measurement of 4-aminoquin-
olones and sulfa compounds. Testing for HIV was done by 
an enzyme immunoassay (EIA) screening (Genetic System 
Corporation, Redmond, WA), a repeat EIA if a sample was 
positive, and confirmatory Western blot testing (Cambridge 
Biotech, Worcester, MA) if positive on both EIAs. 

Definitions. Parasitemia (in peripheral, placental, or cord 
blood) was defined as the presence of asexual stage parasites 
in thick smears. Newborns weighing less than 2,500 grams 
were considered to be of LBW. Neonates assessed as < 37 
weeks gestation at birth (using the Dubowitz score) were 
classified as premature. Women with hemoglobin levels less 
man 11 g/dL and 7 g/dL were considered to have anemia 
and severe anemia, respectively. Severe cutaneous adverse 
reactions were defined as erythema multiforme, Stevens-
Johnson syndrome, or toxic epidermal necrolysis. 

Statistical analysis. An intent-to-treat analysis included 
all women enrolled in the study. Participating women who 
had a placental blood smear examined and a singleton neo
nate's birth weight measured at hospital delivery were in
cluded in analyses of parasitemia and birth weight, respec
tively. Results from all study women who delivered single
ton newborns were included in birth outcome and neonatal 
survival analyses. Women in the CM group who never re-
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TABLE 1 

Characteristics of women enrolled in the study* 

Characteristic 

Age (years) (±SD) 
Member of Luo 

tribe (%) 
Primigravida (%) 
Education (% who 

completed primary 
school) 

SES (% 
low/middle) 

Married (%) 
Height <150 cm 

(%) Weight <50 kg 

(%) Reported fever in 
week before 
enrollment (%) 

Hemoglobin 
(g/dL) (±SD) 

Blood smear 
positive (%) 

HIV(+)t (%) 

C u t 
management 

(n - 736) 

19.7 (±3.0) 
73.9 

62.3 
73.6 

81.0 

71.4 
1.2 

5.3 

38.9 

9.6 (±1.9) 

44.9 

26.9 

Two-dole SP 

<„?&» 
19.6 (±3.1) 
74.6 

65.4 
72.1 

80.4 

74.4 
0.6 

5.5 

36 5 

9.6 (±1.9) 

45.6 

30.0 

Monthly SP 

<n - 661) 

19.6 (±2.9) 
74.6 

62.1 
74.9 

81.8 

74.7 
1.1 

5.4 

36.5 

9.7 (±1.9) 

45.2 

23.7 

Total 
(n - ZffTT) 

19.6 (±3.0) 
74.3 

63.5 
73.5 

81.1 

73.4 
1.0 

5.4 

37.3 

9.6 (±1.9) 

45.2 

26.9 
• SP " tu I fadoxine-pyrimethamine; SES • 
t n - 577 (2-dose - 196, monthly - 169. 

is; HIV - human immunodeficiency v 
: management - 212). 

ceived SP were excluded from the analyses of maternal 
ADRs. 

Differences between means were tested using one-way 
analysis of variance. Differences between proportions were 
evaluated by the chi-square or Fisher's exact tests. Logistic 
regression analysis using a backward selection technique 
was used to investigate the effect of multiple risk factors 
(identified from the univariate calculations of crude odds ra
tios) on the presence/absence of placental malaria. Since in
clusion of HIV serostatus (only 577 women had HIV test 
results) substantially reduces the number of usable obser
vations, regression models were derived with and without 
this variable. Comparisons between treatment groups were 
performed using a multiple comparison Mest to control for 
the increased probability of declaring false significance when 
testing many hypotheses on the same data set. Statistical 
tests were run using SAS software (SAS Inst.. Cary, NC). P 
values < 0.05 were considered statistically significant. 

Study population. A total of 2,077 women were enrolled 
in the study: 680 (33%) in the two-dose SP, 661 (32%) in 
the monthly SP, and 736 (35%) in the CM groups. No sig
nificant differences in age, ethnicity, parity, education, so
cioeconomic or marital status, maternal height or weight, 
HIV seropositivity, enrollment hemoglobin level, reported 
history of fever in the week before enrollment, or malaria 
parasitemia at enrollment were seen among women in the 
different treatment groups (Table 1). 

Six hundred ninety-nine women (34%) were lost to fol
low-up during pregnancy because they moved out of the 
study area or failed to return for follow-up and the study 
team was unable to locate their houses. Three hundred (14%) 
did not deliver in the hospital while 1,078 (52%) delivered 

in the hospital. Nine hundred eighty-nine (92%) of the 1,078 
who delivered in the hospital had placentas collected; 713 
(72%) of the 989 had been in the study for at least 60 days 
and had completed their assigned treatment regimen: 204 
(66%) in the two-dose SP group, 209 (68%) in the monthly 
SP group, and 300 (92%) in the CM group. Eighty percent 
of women in an ANC who were offered HIV counseling and 
testing accepted it. Five hundred seventy-seven (28%) of 
2,077 women enrolled had HIV test results; 389 (36%) of 
the 1,078 women delivering in the hospital had both placen
tal and HTV test results. 

Among women enrolled for a minimum of 60 days and 
delivering in the hospital, the mean duration of participation 
was 113 days. Eleven percent of all CM women received at 
least one dose of SP during the study. The mean interval 
between SP doses in the two-dose group was seven weeks 
(range = 4 - 1 9 weeks). Among women in the monthly 
group, only 20% received more than three doses of SP (17% 
received four doses and 3 % received five doses). 

Women who completed the study were more likely to be 
primigravidae, to have completed primary school, to be of 
higher SES, to weigh more than 50 kg at enrollment, and 
less likely to have malaria parasitemia at enrollment than 
women who did not deliver in hospital. 

Efficacy of regimens. Peripheral parasitemia was identi
fied in 45% of women at enrollment and rates were similar 
in the three treatment groups (Figure 1). Two weeks after 
enrollment, parasitemia was observed in less than 2% of all 
women in the two-dose SP and monthly SP groups, com
pared with 38% in the C M group (P < 0.001). Less than 
4% of 531 women who were parasitemic at enrollment and 
were treated remained parasitemic at their second visit. 
Nineteen percent or more women in the CM group were 
parasitemic at each follow-up visit. The highest prevalences 
of parasitemia in the two-dose SP and monthly SP groups 
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FIGURE 1. Peripheral parasitemia among women in different treatment groups during the course of study. CM = case management. 

occurred at 13-14 weeks after enrollment and were 14% and 
10% respectively. 

In the CM group, only 2 0 - 3 5 % of parasitemic women at 
each follow-up visit complained of recent fever. Compared 
with the CM group, in which 23-30% of the women reported 
fever at follow-up visits, 13-19% of the women in the 
monthly SP group and 15-22% of the women in the two-
dose SP group reported fever at follow-up visits. 

At delivery, compared with women in the CM group, 
women in the two-dose SP and monthly SP groups were less 
likely to have peripheral and placental malaria. Although 
differences in the incidence of LBW did not reach statistical 
significance, the mean birth weight of infants bom to moth
ers in the two-dose SP and monthly SP groups was higher 
than that of those born to women in the CM group (Table 
2). In addition, women in the monthly SP group were less 
likely than women in the CM group to have third trimester 
anemia. No significant differences were seen in the propor
tion of women in the three treatment groups with severe 
anemia, umbilical cord blood parasitemia, premature deliv

ery, spontaneous abortion, stillbirth, or who delivered live 
newborns that died in the neonatal period. 

Adverse events. Maternal. After the first dose of SP, there 
were no significant differences in the proportion of women 
reporting ADRs in the two-dose SP and monthly SP groups 
and women in the CM group who received SP (2.3%, 1.4%, 
and 3.3%, respectively). Overall, 1.9% and 0.3% of the 
women reported ADRs after the first dose and after subse
quent doses, respectively. Adverse reactions included nau
sea, vomiting, rash, pruritus, and fatigue. One patient com
plained of oral lesions (without skin lesions) after taking the 
medication; these had resolved by the time of follow-up. 
Seven (0.6%) of 1,086 women were not given more SP be
cause of ADRs (rash or oral lesions). No severe cutaneous 
adverse reactions were observed in 2,276 treatment episodes 
among 1,086 women. 

Neonatal. Neonatal icterus was observed in 15% of the 
newborns examined between three and seven days of age 
(\5% of those in the two-dose SP group, 14% of those in 
the monthly SP group, and 17% of those in the CM group). 

TABLE 2 

Anemia and delivery outcomes among women in different treatment groups* 

Cue 
management 
(n - 472) 

9.9 ( ± 1 . 7 ) 

73.7 

27.1 
3.2 

3.079 ( 
14.4 
12.2 

2.3 
2.1 
1.2 

=585) 

Two-dose SP 
group 

(n - 4321 

Third trimester Hb (g/dL) 
(±SD)t 

Third trimester anemia 
(%Hg/U)j: 

Third trimester severe anemia 
(% Hg<7) 

Maternal peripheral 
parasitemia (%)§ 

Placental malaria (%)§ 
Cord blood parasitemia (%) 
Singleton BW (±SD)1 
LBW (%) 
Premature delivery (<37 

weeks) (%) 
Spontaneous abortion (%) 
Stillbirth {%) 
Neonatal deaths (%) 

• SP - sulfadoiine-pyrimeuiamine: Hb - hemoglobin: BW - birth weight: LBW - low birth weight: CM • 
t Between two-dose SP and CM IP - 0.012) and between monthly SP and CM IP < 0 001) 
1 Between monthly SP and CM IP - 0.017). 
} Between two^ose SP and CM IP < 0.001) and between monthly SP and CM IP < 0.001). 
1 Between two-dose SP and CM (P - 0041) and between monthly SP and CM IP - 0.014). 

10.2 (±1.7) 

680 

9.S 

11.5 
2.1 

3,183 (±534) 
8.3 

10 3 

1.1 
2.6 
1.3 

case management. 

Monthly SP 

(n - 431) 

10.4 (±1.8) 

63.9 

2.6 

67 

8.9 
0.6 

3,198 (±528) 
7.8 

12.0 

2.0 
3.7 
0.3 
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TABLE 3 

Anemia and delivery outcomes by treatment group and HIV serostatus* 

Outcome 

Hb (g/dL) 
(±SD) 

Anemia {% 
Hb < 11) 

Maternal 
peripheral 
parasitemia 
(%)t 

Placental 
malaria 

Singleton 
birth weight 
(grams) 
( iSD) 

LBW (%) 
- HIV - human irr 
t HIV-posiuve won 
J HIV-positive won 

H I V -
(n - 40) 

9.3 
(±1.7) 
83.7 

40.0 

45.0 

3.066 
(±478) 

13.2 
mtinoderictency vi 
en: monthly SP v 
en: monthly SP v 

Case management 

H I V -
(ft - 111) 

9.9 
(±1.7) 
70.6 

21.6 

22.9 

3.150 
(±522) 

9.4 
t u : Hb - hemoglobin: 

CM (P - 0.001). HIV 
CM (P - 0002) . HTV 

P 

0.047 

0.103 

0.024 

0.008 

0.388 

0.519 

HIV-. 
(n - 39) 

9.9 
(±2.2) 
79.1 

18.0 

25.6 

3.177 
(±556) 

13.2 
LBW - low binhweighi. SP -
-negative women: two-dose SP v 
negative women: two-dose SP v 

Two-dose 

H I V -
In - » ) 

10.4 
(±1.6) 
600 

8.1 

7.1 

3.239 
(±542) 

5.1 

p 

0.156 

0.031 

0.094 

0.003 

0.550 

0.110 
lulfadoxine-pyrimeihaminc. CM -
s CM (P - 0.0241 and monthly SP 
i C M ( P - 0.007) and monthly SP 

HTV + 
<n - 28) 

10.1 
(±1.5) 
73.1 

3.6 

7.1 

3.204 
(±524) 

10.7 
ase management, 
v t CM I f - 0062) 
vs CM iP - 0.076). 

Monthly 

H I V -
(n - 85) 

10.4 
(±2.1) 
62.6 

8.2 

9.6 

3.296 
(±479) 

5.7 

p 

0.466 

0.330 

0.404 

0.690 

0.387 

0.360 

Maternal consumption of at least one dose of SP, taking SP 
within 30 days of delivery, or detectable levels of sulfa com
pounds in maternal urine at delivery were not associated 
with icterus in the neonate. 

Nine deaths (0.9%) occurred among 970 newborns (home-
or hospital-delivered) followed through the neonatal period 
(1 .3%, 0.3%, and 1.2% of neonates in the two-dose SP, 
monthly SP and CM groups, respectively). Of five neonates 
who had a history of convulsions before death (a possible 
sign of kemicterus), only one had neonatal jaundice; the 
cause of death in this neonate was reported as pneumonia. 

Effect of HIV on efficacy and adverse events. Drug ef
ficacy. Of the 577 women for whom HTV test results were 
available, 155 (27%) were HIVpositive. At enrollment, 57% 
of HIV-positive women were parasiternic compared with 
39% of HIV-negative women (P < 0.001). Two weeks after 
enrollment, parasitemia was observed in less than 3% of 
both HIV-positive and HIV-negative women in the two-dose 
SP and monthly SP groups, compared with 52% and 36% 
of HIV-positive and HIV-negative women, respectively, in 
the CM group (P < 0.001 and P < 0.001, respectively). One 
(2%) of 49 HIV-positive women and three (3%) of 92 HTV-
negative women who were parasiternic at enrollment and 
were treated remained parasiternic at their second follow-up 
visit. Seventeen to fifty-eight percent of HIV-positive women 
and 11-67% of HIV-negative women in the CM group were 
parasiternic at each follow-up visit. After enrollment, the 
highest prevalences of parasitemia in the two-dose SP group 
occurred at 9 -10 weeks of follow-up in HIV-positive women 
(33%) and at 5 - 6 weeks of follow-up in HIV-negative wom
en (20%). In the monthly SP group, highest prevalences of 
peripheral parasitemia occurred at 11-12 weeks of follow-
up in HIV-positive women (5%) and at 9 -10 weeks of fol
low-up (17%) in HTV-negative women. There were no dif
ferences between the treatment groups in proportions of 
women reporting fever at follow-up visits among either HIV-
positive or HIV-negative women, nor differences in the pro

portions of HIV-positive and HIV-negative women com
plaining of fever at follow-up visits. 

Compared with HIV-negative women in the CM group, 
HIV-positive women had significantly lower third trimester 
hemoglobin levels (Table 3). In the two-dose and monthly 
SP groups, there was no significant difference in the preva
lence of anemia between HIV-positive and HTV-negative 
women. 

For HIV-positive women, the prevalence of peripheral 
parasitemia at delivery was lower in the monthly (4%) com
pared with the CM group (40%; P = 0.001). For HIV-neg
ative women, the prevalence of peripheral parasitemia at de
livery was lower in the two-dose SP and monthly SP groups 
(both 8%) groups compared with the CM group (40%; P = 
0.024 and P = 0.062, respectively). Within treatment groups, 
a significant difference was seen only in the CM group, 
where a higher proportion of HIV-positive women (40%) 
had peripheral parasitemia, compared with HTV-negative 
women (22%; P = 0.024). Among HIV-positive women, the 
prevalence of placental malaria was lower in the monthly SP 
group (7%) compared with the CM group (45%; P = 0.002). 
Among HIV-negative women, the prevalence of placental 
malaria was similar in the two-dose SP (7%) and monthly 
SP (10%) groups, and higher in the CM group (22%; P = 
0.007 and P = 0.076, respectively). Within treatment groups, 
a significant difference was seen in both the two-dose and 
CM groups, where a higher proportion of HTV-positive com
pared with HIV-negative women had placental malaria (26% 
versus 7%; P = 0.003, respectively, in the two-dose group 
and 4 5 % versus 23%; P = 0.008, respectively, in the CM 
group). No significant difference was seen in the prevalence 
of placental malaria between HIV-positive and HTV-negative 
women receiving monthly SP. 

If prevalences of placental malaria are stratified by both 
parity and HIV serostatus, a higher proportion of HIV-pos
itive compared with HIV-negative primigravidas had periph
eral (24% versus 14%, respectively; P = 0.043) and placen-
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T A B L E 4 

Maternal characteristics associa ted with placental malaria in univariate analysis* 

Characteristic 

Treatment group 
Two-dose SP 
Monthly SP 
Case management 

Total number of doses taken 

None 
One 
Two 
Three or more 

Primary language 
Luo 
Other 

Enrol lment hemoglobin 
< 11 g/dL 
2 1 1 g/dL 

Enrol lment blood smear 
Positive 
Negative 

HIV serostatus 
Positive 
Negative 

• OR - odds ratio; CI » confidence interval 

„ 

330 
316 
343 

305 
218 
272 
194 

7 )5 
274 

645 
199 

410 
510 

107 
291 

SP • sulfadcxine 

% placental 
malaria Crude OR 

11.5 0.35 
8.9 0.26 

27.1 Ref 

27.2 Ref 
17.0 0.55 
9.9 0.29 
6.2 0.18 

17.6 1.56 
12.0 Ref 

17.7 1.92 
10.0 Ref 

21.0 2.11 
11.2 Ref 

28.0 2.44 
13.8 Ref 

9 5 * CI 

0.23 . 0.53 
0.22. 0.48 
Ref 

0.34. 0.86 
0 . 1 8 . 0 . 4 8 
0.08. 0.34 

1.04. 2.35 

1.16. 3.18 

1.47. 3.04 

1.43.4.19 

• pyrimethamine; Ref - referrent; HIV - human immunodeficiency virus. 

F 

< 0 . 0 0 1 
< 0 . 0 0 l 

0.006 
< 0 . 0 0 l 
< 0 . 0 0 1 

0 .033 

0.010 

< 0 . 0 0 1 

< 0 . 0 0 1 

tal malaria {28% versus 14%, respectively; P • 0.013) at 
delivery. In secundigravidas, the difference between HIV-
positive and HIV-negative women only reached statistical 
significance for placental malaria (29% versus 12%, respec
tively; P = 0.025). 

To more fully evaluate the reasons for the differences in 
the efficacy of the treatment regimens among HIV-positive 
compared with HIV-negative women, we examined the prev
alences of placental malaria according to the total number 
of doses of SP received among women who had been in the 
study for at least 60 days and were compliant with their 
treatment regimen. Prevalences of placenta] malaria in wom
en receiving two doses of SP compared with three or more 
doses of SP were 19% versus 0% (P = 0.068), respectively 
for HIV-positive women, and 8% versus 7%, respectively, 
for HIV-negative women. 

Although differences were seen in mean birth weight and 
proportion of LBW between the monthly SP group com
pared with the two-dose SP and CM groups among HIV-
positive women, and between the monthly SP and two-dose 
SP groups, compared with the CM group among HIV-neg
ative women, these differences did not reach statistical sig
nificance. This is likely because the sample size of women 
for whom HIV test results were known limited our power to 
detect this difference. There were no significant differences 
in the proportion of premature deliveries, spontaneous abor
tion or stillbirths, or neonatal deaths, when stratified by HIV 
serostatus. 

Maternal adverse drug reactions. After the first dose of 
SP, 3.2% of HIV-positive women reported ADRs compared 
with 0.4% of HIV-negative women. There were no signifi
cant differences in the proportion of women reporting ADRs 
in the three treatment groups (two-dose SP, monthly SP, and 

treated CM groups). No women reported ADRs after sub
sequent doses. Two (2%) of 94 HIV-positive and none of 
230 HIV-negative women had SP withheld because of ADRs 
(rash or ora! lesions). No severe cutaneous adverse reactions 
were observed in 193 treatment episodes among 94 HIV-
positive women and 502 treatment episodes among 230 HIV-
negative women. 

Characteristics associated with placental parasitemia. 
Univariate analysis. Maternal characteristics associated with 
placental malaria (Table 4) included treatment group, total 
number of SP doses taken, ethnic group, hemoglobin level 
at enrollment, peripheral parasitemia at enrollment, and HIV 
serostatus. Additional characteristics examined but not found 
to be significant included age, parity (comparing only first 
and second pregnancies), compliance with treatment regi
men, maternal weight at enrollment, duration of time in 
study, and time between last dose of SP and delivery. 

Multivariate analysis. Maternal characteristics associated 
with placental malaria in multivariate analysis (Table 5) in
cluded total number of doses taken, peripheral parasitemia 
at enrollment, and HIV serostatus. Because sample size was 
reduced from 875 to 309 when HIV serostatus was included 
in the model (many women were not HIV tested), the model 
was also run without HIV serostatus. When HIV serostatus 
was excluded, characteristics associated with placental ma
laria were total number of doses of SP, peripheral parasit
emia at enrollment, and ethnic group (belonging to the Luo 
tribal group). 

DISCUSSION 

In primigravidae and secundigravidae in western Kenya, 
a setting of intense malaria transmission and high prevalence 
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TABLE 5 

Maternal characteristics associated with placental parasitemia in 
multivariate analysis* (n = 309) 

Characteristic 
ttl Adjusted 

OR 95<* CI 

Total number of doses taken 
None 
One 27.4 Ref 
Two 17.9 0.35 0.15.0.82 0.016 
Three or more 8.2 0.19 0.07,0.49 <0.00l 

3.3 0.07 0.02,0.32 <0.001 

Enrollment blood smear 
Positive 
Negative 

HIV serostatus 
Positive 
Negative 
• OR - odd* rano; CI 

deficiency vim*. 

24.1 
8.5 

24.7 
11.8 

- confidence 

3.71 
Ref 

2.43 
Ref 

interval; Ref 

1.79. 

1.19 

7.68 

4.95 

referrcnt; HIV 

<0.001 

0.015 

human immuno-

of HIV infection, we observed that intermittent treatment 
with either monthly dosing or two doses of SP in the second 
or third trimester of pregnancy were well tolerated and were 
effective in reducing the frequency of placenta! malaria. 
Overall, compared with women receiving the standard of 
care (CM using standard treatment with SP for fever illness 
and parasitemia), women receiving a presumptive intermit
tent treatment regimen experienced an approximate three
fold reduction in placental malaria. The prevalence of par
asitemia among women receiving one of the intermittent SP 
regimens was 9-11%, comparable with rates measured in 
similar trials using effective antimalarials in pregnant wom
en.23-" However, HIV infection in these pregnant women was 
accompanied by somewhat higher rates of malaria infection 
and poorer response to antimalarial treatment. 

Our previous work in western Kenya, which is consistent 
with the literature on malaria symptoms in pregnant women 
in highly endemic areas." has shown that a history of fever 
during pregnancy does not identify all pregnant women with 
placental malaria; 30% of women with placental malaria re
ported no fever at any time during pregnancy (Parise M, 
unpublished data). Because parasitemic women are frequent
ly asymptomatic, not surprisingly, the use of SP for pre
sumptive treatment was significantly better than CM. 

Our observed reduction in placental malaria with pre
sumptive intermittent SP regimens was heralded by consis
tently low rates of peripheral parasitemia during the second 
and third trimester antenatal clinic visits, again, consistent 
with previous studies." Two weeks after enrollment, only 
3.7% of the women who had been parasitemic at enrollment 
remained parasitemic, providing evidence that SP remains 
an effective drug in these women with a high degree of 
acquired immunity. 

The HIV-positive women had a higher prevalence of pe
ripheral parasitemia at enrollment and although a single ini
tial dose of SP had a marked impact on peripheral parasit
emia, its efficacy in clearing placental malaria was dimin
ished in the presence of HIV infection. Steketee and others 
alio noted higher prevalences of peripheral and placental 
parasitemia in HIV-positive compared with HIV-negative 

pregnant women in rural Malawi.1" This difference was most 
marked in multigravidae, with HIV-positive multigravidae 
having placental malaria rates similar to primigTavidae un
less they received effective antimalarial therapy. One pos
sible explanation proposed was that HIV infection interferes 
with the maintenance of immune recognition of malaria that 
develops following the first malaria-exposed pregnancy, 
such that HIV-positive secundigravidae and multigravidae 
lose this pregnancy-specific acquired immunity. In Malawi, 
no significant difference was seen in rates of placental ma
laria between HIV-positive and HIV-negative primigravidae, 
presumably because neither HIV-positive nor HIV-negative 
primigravidae had yet acquired the necessary pregnancy-
specific immunity and so both groups exhibited a similar 
high rate of malaria infection. 

It is possible that in the very high malaria transmission 
area in western Kenya that women receive so many infective 
mosquito bites that even a mild degTee of impaired immunity 
in HIV-positive women, of any parity, could cause them to 
have difficulty in clearing both peripheral and placental par
asitemia, and thus higher prevalences of parasitemia were 
also seen in HIV-positive compared with HIV-negative pri
migTavidae. This hypothesis is supported by the finding that, 
while the two-dose SP regimen was efficacious in HIV-neg
ative women, the prevalence of placental malaria in HIV-
positive women (25.6%) with this regimen remained high. 
The HIV-positive women required at least three doses of SP 
to decrease prevalences of placental malaria to acceptable 
levels. One possible explanation for the impaired response 
to intermittent SP treatment seen among HIV-positive wom
en is that the response to antimalarial drugs depends on both 
drug efficacy and host immunity and, during pregnancy. HIV 
infection impairs host immunity to malaria. In persons with 
a high degree of acquired antimalarial immunity, such as 
adults who have lived for long periods in high malaria trans
mission areas, drugs with poor efficacy (i.e., CQ in areas 
with high levels of CQ resistance) may be sufficient to clear 
parasitemia, whereas young children in these areas, who 
have not yet acquired sufficient immunity, may have high 
mortality rates when treated with CQ compared with more 
efficacious regimens.33 If low-level resistance to SP is be
ginning to develop in this area, it will first be seen in those 
with impaired immunity, including HIV-positive pregnant 
women. 

Another potential reason for the impaired efficacy of SP 
in HIV-positive women is impaired dnig absorption or in
creased metabolism. Although other investigators have 
found high sulfamethoxazole levels in patients with acquired 
immunodeficiency syndrome being treated for Pneumocystis 
carinii pneumonia," suggesting normal absorption of sul
fonamides, no study has directly compared the pharmaco
kinetics in HIV-positive and HIV-negative patients. 

Because not all participants completed their assigned ther
apy, the group of women who were in the study for at least 
60 days and who completed their assigned course of therapy 
(i.e., were compliant) were also evaluated; women in the CM 
group were included in this latter analysis if they had been 
in the study for at least 60 days. Participation in the study 
for at least 60 days would allow the monthly SP group to 
receive three doses of medication, which would allow for 
differentiation of this group from the two-dose SP group. 
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and would provide a period of time for fetal growth when 
the placenta would theoretically be parasite-free under the 
protective antimalarial. Evaluation of the group of women 
who were in the study for 60 days and were compliant with 
their treatment regimen demonstrate essentially equivalent 
findings as the intent-to-treat analysis. 

Steketee and others demonstrated that an efficacious an
timalarial (mefloquine) that decreased the prevalence of pla
cental malaria also decreased the incidence of LBW in a 
large cohort study in Malawi.35 Because of die large sample 
sizes required to sufficiently examine the effect of a single 
factor on LBW and because of the demonstrated association 
between malaria and LBW, our study was designed to use 
placental malaria rates as a surrogate measure for LBW risk. 

To minimize confusion at the clinic level, the allocation 
of subjects to treatment groups was performed in a system
atic fashion based on clinic day rather than by randomized 
assignment. During the 16 months of study enrollment (De
cember 1994 through March 1996) this was not expected to 
introduce any selection bias. As shown in Table 1, there were 
no differences in the characteristics of women in the differ
ent treatment groups. 

Despite extensive attempts at follow-up, loss to follow-up 
was a concern in this investigation and occurred in part be
cause of the highly mobile nature of this peri-urban study 
population. We had expected that many women would de
liver at home (which eliminates the opportunity to collect 
the placenta and accurately measure the baby's birth weight) 
based on a community survey that we had previously con
ducted in Kisumu District where the rate of home delivery 
was 48% (Parise M, unpublished data). The extent to which 
women lost to follow-up differ from hospital-deli vering 
women in terms of our main study outcomes, placental par
asitemia and low birth weight, cannot be examined from the 
available data. However, since there were no differences in 
the rates of women lost to follow-up among the treatment 
groups, this is unlikely to have altered study results. 

Sulfadoxine-pyrimethamine was well tolerated, with no 
statistically significant differences in the frequency of ADRs 
among HIV-positive women when compared with HIV-neg-
ative women. More importantly, even among HIV-positive 
women, the rate of ADRs reported remained very low (3%). 
No severe cutaneous adverse reactions were noted, but given 
their estimated incidence of one in 5,000-8,000 users, with 
fatal reactions in one per 11,000-25,000 users,M it is not 
surprising that none were seen in a study of this size. Several 
women were not given a second dose of SP because of re
ported rash after die first dose, and this aspect of the study 
protocol may have reduced any risk of severe cutaneous ad
verse reactions. As African countries move toward die use 
of SP for prevention of malaria in pregnant women,37 and 
for first-line treatment of uncomplicated malaria,3* it will be 
essential to establish mechanisms to limit repeat dosing of 
SP among women experiencing rash or oral lesions and to 
set up surveillance systems to monitor for severe ADRs. In 
areas with high P. falciparum malaria transmission, the ben
efit of SP in reducing malaria-associated LBW and thus, in
fant mortality, appears to outweigh die risk for rare, albeit 
serious, SP-related ADRs. 

The most common concern expressed in the literature re
garding the use of SP during pregnancy is a üieoretical one 

mat its use in late pregnancy may displace bilirubin from 
albumin in die neonate and thus, contribute to kemicterus. 
This concern stems from one study mat demonstrated an 
increased incidence of kemicterus in neonates treated with a 
sulfonamide, in combination witfi several odier drugs.39 but 
[his occurrence has not been confirmed in subsequent stud
ies.40*1 There has been only one case series of nine infants 
with hyperbilirubinemia, including one who had kemicte
rus42 after administration of sulfa drugs to the mother. Nu
merous odier trials have failed to show adverse reactions in 
neonates born to mothers taking sulfonamides during preg
nancy,4344 including studies of women who received sulfa 
drugs throughout pregnancy.45*"47 The current study showed 
no evidence that SP taken by the mother during pregnancy 
is harmful to the newborn. The incidence of neonatal icterus 
was lower than the 60% incidence observed in full-term 
newborns in nurseries.48 The neonatal death rate, 14.4 deaths 
per 1,000 live births (95% confidence interval = 7.9, 24.1), 
is lower than that reported for Kenya (27.0 per 1,000).** 

The results of this investigation, coupled with those from 
the study of the efficacy of SP in pregnant Malawian wom
en,13 provide strong evidence that intermittent treatment with 
SP during pregnancy is safe and efficacious for the preven
tion of placental malaria in pregnant primigravidae and se-
cundigravidae in sub-Saharan Africa. While two doses of SP 
provided sufficient protection in HIV-negative women even 
in this very high P. falciparum transmission area, HIV-pos
itive women required at least three doses of SP to sufficiently 
clear their infections. Given that it is not yet feasible to pro
vide informed HIV testing to all pregnant women in many 
circumstances in malaria-endemic developing countries, we 
suggest that a monthly SP regimen be provided in areas with 
high HIV seroprevalence in women of child-bearing age. In 
areas where women tend to seek health care in the middle-
to-late second trimester, as in our study site, a relatively 
small proportion of women would actually receive more than 
three doses and total exposure to SP would be relatively low. 
Findings of high placental malaria rates in HTV-positive mul-
tigravidae raise the question of whether antimalarial inter
ventions should be extended to this group; further studies 
are needed in this area. 
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Abstract: 

Objective: We investigated whether maternal placental malaria (PM) is associated with 

an increased risk of perinatal mother-to-child HIV transmission (MTCT). 

Subjects and methods: We conducted a prospective cohort study among HIV-

seropositive women delivering in Kisumu, western Kenya. Participants were interviewed 

and their delivery information recorded; HIV viral load (VL) and PM were measured at 

delivery, and 1-month postpartum maternal CD4 counts were done. Newborns were 

monitored monthly for 6-12 months with polymerase chain reaction tests for HIV. We 

considered infants with consecutive positive tests (with one < 4 months of age) to have 

acquired HP/ perinatally. 

Results: Between June 1996 and July 2001, 512 mother-infant pairs were enrolled for 

whom PM and infant HIV status were known; 128 (25.0%) of the women had PM and 

102 (19.9%) of infants acquired HrV perinatally. In multivariate Poisson log-linear 

analysis, logi0VL (Adjusted RR [ARR]=1.8, 95% CI=1.6-2.2) and episiotomy/perineal 

tear(ARR=1.6, 95% CI=1.1-2.1) were associated with increased MTCT, whereas low 

density PM was associated with reduced risk of MTCT (ARR=0.4, 95%CI=0.2-0.6). In 

contrast, among women dually infected with malaria and HIV, high density PM was 

associated with increased risk of MTCT (ARR=2.0 95%CI=l.l-3.9) as compared to low 

density PM. 

Conclusions: In this malarious setting in Kenya, perinatal HIV transmission is decreased 

among women with both malaria and HIV, MTCT in the presence of low density PM and 

increased in women with high density PM. We hypothesise that there is a balancing 
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relationship between the immune response induced by PM, the possible stimulus of HIV 

viral replication, and the risk of MTCT. 



Introduction 

Malaria during pregnancy is a major problem in sub-Saharan Africa, affecting an 

estimated 24 million pregnant women; malaria prevalence may exceed 50% among 

primigravidae and secundigravidae in endemic areas [1,2]. During the past two decades, 

HIV/AIDS has emerged as a major problem in many malaria-endemic areas of sub-

Saharan Africa (SSA), where an estimated 28 million people are infected with HIV [3]. 

Africa south of the Sahara thus accounts for over two-thirds of the world's 40 million 

HIV-infected persons, and 80% of the world's HIV-infected women [4], with HIV 

prevalence as high as 25-45% among pregnant women [4-8]. Without intervention, it is 

estimated that up to 40% of the HIV infected pregnant women will pass the virus to their 

children through mother-to-child HIV transmission (MTCT) [9, 10], and this will 

substantially impact infant and early childhood morbidity and mortality [11, 12]. 

Given the wide geographical overlap between HIV and malaria, the epidemic of 

HIV/AIDS in areas where Plasmodium falciparum is endemic has generated serious 

concern about potential interactions between the two infections, especially in sub-

Saharan Africa [4-8,13, 14]. Studies have shown increased HIV replication both in 

blood mononuclear cells exposed to malaria antigens in vitro [15] and in transgenic mice 

carrying complete DNA copies of the HIV genome and infected with P. chabaudi [16]. 

In a more recent study, proviral loads were shown to be significantly higher among HIV-

infected persons with clinical malaria compared to HIV-infected persons without malaria, 

and that these levels remained high for at least 4 weeks after treatment [17]. Although 

these studies suggest that malaria may increase viral replication in short term [18], the 
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concern that the malaria-associated increase in viral replication may potentially accelerate 

HlV-disease progression has not been proven [19, 20]. 

On the other hand, studies among pregnant women in SSA provided the first 

evidence to suggest an important public health problem arising from the interaction of 

HIV and malaria. HIV infection appears to impair malarial immunity among pregnant 

women, such that HIV infected pregnant women demonstrate more frequent and higher 

density parasitaemia than HIV uninfected pregnant women [6-8, 21]. More recent case 

control [22] and longitudinal [23, 24] studies, investigating the clinical pattern of malaria 

in HIV-infected non-pregnant adults have shown HIV infection to be associated with an 

increase in frequency of clinical malaria and parasitaemia, particularly among individuals 

with advanced HIV disease (as measured by decreasing CD4 lymphocyte counts). 

Retrospective analysis of data in Malawi [25] suggested that exposure to both 

placental malaria (PM) infection and maternal HIV infection increased the risk of post-

neonatal mortality by 3-8 fold when compared with infants bom to mothers with either 

infection alone. A possible explanation for this association could be that PM either 

stimulates HIV viral replication or it disturbs the placental architecture, thereby 

facilitating transfer of HIV-infected cells or free virus in utero. 

In an area of western Kenya with high prevalence of malaria and human 

immunodeficiency virus infection, we examined the relationship between PM and 

MTCT. 
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Subjects and methods 

Study site 

This study was conducted at the Nyanza Provincial General Hospital (NPGH), a 

large publicly funded hospital in Kisumu, a city with a population of approximately 300 

000 people located on the shores of Lake Victoria in western Kenya. Malaria 

transmission within Kisumu town is perennial and P. falciparum is the predominant 

species, accounting for 98% of malaria cases, with the remaining 2% caused by P. 

malariae and P. ovale [26]. Chloroquine resistance is prevalent in the area with 75-80% 

of P. falciparum strains showing RU/RTfl resistance pattern [27]. The prevalence of HIV 

infection among pregnant women in this study population is approximately 25% [7, 28]. 

Recruitment and follow-up 

This study was carried out from June 1996 through July 2001. Screening 

procedures have been described previously [28]. Briefly, women at the ANC were 

eligible for participation if they had an uncomplicated singleton pregnancy of >32 weeks 

gestation (based on the fundal height estimation by the clinic nurse/midwife), if they 

resided within the Kisumu municipality, and if they had no known underlying chronic 

illness. After informed consent was obtained, an interviewer-administered structured 

questionnaire was given in the local or the national languages (Dholuo or Kiswahili) to 

all women who had undergone routine antenatal care to obtain information on 

sociodemographic, health, and obstetric factors. 

Upon completion of the questionnaire, each woman was counseled by a trained 

HJV counselor in the local languages, and an appointment for posttest counseling was 
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made. After pretest counseling, a blood sample was taken for HTV antibody testing, 

haemoglobin (Hb), and malaria thick blood smear. All screened women were then 

encouraged to deliver in NPGH. In addition, women who attended delivery in the study 

hospital and had not been screened antenatally were eligible for participation if they met 

the above inclusion criteria. Routine use of zidovudine or nevirapine was not the Kenyan 

Ministry of Health policy during the study period and these drugs were not available in 

the Ministry of Health facilities. 

At delivery, information was collected on the mode and outcome of delivery and 

on the occurrence of any episode of illnesses and its treatment in the two-week period 

before delivery. Within 24 hours of birth, infants were weighed to the nearest one gram 

on an electronic balance (Ohaus Florham Park, NJ, USA), and their gestational age was 

assessed by trained study assistants using a modified Dubowitz method [29]. All live 

singleton normal delivered infants of HIV+ mothers were eligible for enrollment in the 

study. Mothers of enrolled infants gave an additional signed informed consent for 

participation of their infants. After enrollment at birth, infants were seen monthly, until 

they attained 12 months of age. 

Ethical review 

The study protocol was approved in 1995 by the institutional review boards of the 

Kenya Medical Research Institute (KEMRI), the Centers for Disease Control and 

Prevention (CDC), Atlanta, Georgia (USA) and the Academic Medical Center (AMC), 

University of Amsterdam, Amsterdam, The Netherlands; and was reviewed annually by 

the participating institutions. 
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Blood sampling and laboratory procedures 

At delivery, maternal peripheral and placental thick blood smears were prepared 

and stained with 10% Giemsa for 10 minutes and examined under oil immersion for 

malaria parasites. A thick smear was considered negative if 100 microscopic fields 

revealed no parasites. Malaria parasites and leucocytes were counted in the same fields 

until 300 leucocytes were counted. Parasite densities were estimated using an assumed 

count of 8000 white blood cells per microliter of blood. 

All blood samples for various tests were collected into EDTA anticoagulant 

containing tubes. At delivery, maternal blood was collected from mothers of enrolled 

infants for viral load (VL), syphilis, and haemoglobin determinations. One month 

postpartum, maternal venous blood was collected for CD4 and CD8 lymphocyte count 

determination. Capillary blood was collected from infants by a heel prick on the day of 

delivery and then monthly thereafter for HIV testing. Plasma was separated from blood 

samples, aliquoted and stored at -70°C until laboratory procedures were performed. 

HIV testing of the infants was done by PCR of proviral DNA extracted from 

peripheral blood mononuclear cells [30]. HIV testing of pregnant women involved the 

use of two rapid test methods: an initial Serostrip HIV-1/2 [Saliva Diagnostic Systems 

(Singapore) Pte Ltd] and a confirmatory Capillus HIV-l/HrV-2 (Cambridge Diagnostics 

Ireland Ltd) on all samples that tested positive by Serostrip. Sequential testing of 

samples using both methods has been shown to have a high sensitivity and specificity for 

detection of antibodies to HIV (Steketee RW and others unpublished). Western blot was 

performed on discordant samples. 
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Materaal CD4 and CD8 lymphocyte counts were assessed using commercial, 

dual-label monoclonal antibodies (Becton-Dickinson Immunocytometry, San Jose, 

California, USA) and standard fluorescent-activated cell sorting (FACS) (PACScan 

Becton-Dickinson) analysis following whole blood lysis [31]. Maternal VL was 

determined by the standard nucleic acid sequence-based amplification (NASBA) RNA 

quantification (QT) kit (Organ-Teknika, Durham, North Carolina, USA) [32]. The limit 

of detection of this assay was 400 viral copies/pl of blood. 

Syphilis antibodies were detected with rapid plasma reagin (RPR) card test from 

Becton Dickinson (BD) microbiological systems (Cockeyville, USA). Haemoglobin was 

measured using a Hemocue® machine (Mission Viejo, CA, USA.). 

Definitions 

An uncomplicated pregnancy was defined as a pregnancy without the presence of 

hypertension, pre-eclampsia, polyhydramnios, an abnormal presentation of the foetus, a 

history of a caesarean section, haemorrhage, or repeated spontaneous abortions (>2). 

Placental parasitaemia was defined as any plasmodial asexual form detected on a thick 

smear. Maternal HIV infection (HIV+) was defined as a positive result on both rapid 

tests; women not reactive with the initial Serostrip HTV-1/2 test were considered HIV 

uninfected (HIV-). Women whose serostatus could not be determined (i.e., those with 

discordant results on the two rapid tests and an indeterminate status with Western blot) 

were excluded from analysis. Newborns were classified as normal birth weight if they 

weighed >2500g regardless of gestational age and low birth weight (LBW) if they 

weighed <2500g [33]. Preterm delivery (PTD) was defined as a delivery that occurred 
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before 37 completed weeks of gestation. Small for gestational age (SGA) was defined as 

a sex-specific birth weight at or below the 10th percentile for weight-for-gestational age 

of an international reference population [33]. 

Ascertainment of infant HIV status 

An algorithm was developed to describe the perinatal HIV infection status of 

infants. Infants were classified as having acquired HIV infection perinatally (e.g., in 

utero or during labour and delivery) if they met the following conditions: (i) died 

and by the time of death had 2 or more consecutive positive HIV PCRs, and the first 

positive PCR was at or before 4 months of age [34] (it) were lost to follow up and by 

the time of loss to follow up had 3 or more consecutive positive PCRs and the first 

positive PCR was at or before 4 months of age (iii) remained alive with continued 

and consistent PCR positive results and the first positive PCR was at or before 4 

months of age. Infants were considered negative for perinatally acquired HIV if they 

had at least three PCR tests performed on them, and all tests were negative, with at 

least one of the negative tests at or after 4 months of age. Because infants had to be 

at least 4 months old to be classified as uninfected, those who died or were lost to 

follow-up before 4 months of age were excluded from the analysis. Infants on whom 

we had insufficient PCR data to determine their status were classified as 

indeterminate and were excluded from this analysis. Mothers of infected infants 

were classified as "transmitters" and those of uninfected infants as 

"nontransmitters". 
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Data analysis and statistical methods 

Univariate analysis 

Plasma VL results below the limit of detection (400 copies/ml) were assigned 

a value of 200 copies/ul; plasma VL results were then logio-transformed to normalize 

the distribution. We defined high density placental parasitemia as > 10,000 

parasites/ul, which corresponded approximately to the uppermost quintile of parasite 

density. Univariate analyses were performed using x2 or Fisher's exact tests (for 

cross-tabulations with an expected value in any cell < 5) to compare proportions for 

categorical variables; / tests were used to compare normally distributed continuous 

variables. Risk ratios (RR) were computed with their 95% confidence interval (CI) 

to measure the strength of the associations between potential risk factors and 

perinatal MTCT. 

Multivariate analysis 

To evaluate the effect of PM on perinatal MTCT, a Poisson log-linear model 

[35-38] containing PM and maternal VL as main effects covariates was performed. 

To obtain a full model, other maternal and delivery characteristics known or possibly 

associated with perinatal transmission in univariate analysis were entered into the 

Poisson model containing PM and maternal VL to adjust for potential confounding. 

Variables were dichotomized as reported by others, and those with low prevalence 

were used as the reference groups in the Poisson model. The full model with all 

candidate variables was then simplified with backward elimination, according to 

likelihood ratio criteria. Adjusted risk ratios (ARR) were computed to estimate the 
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independent effect of the variables on the risk of perinatal MTCT. An interaction 

term between PM density and maternal VL was found to be significant and hence this 

term was retained in the model. Because women with PM may have different risk 

factors for perinatal MTCT from those without, we fitted three separate Poisson 

models, all study women, women without PM, and women with PM. All tests were 

two-sided, and P-values <0.05 were considered statistically significant. Analysis was 

done using STATA (StataCorp. 2001. Stata Statistical Software: Release 7.0 

College Station, Texas, USA) and SAS (Version 8.0, SAS Institute, Cary, North 

Carolina, USA). 

Results 

Study population 

During the study period, 829 mother-infant pairs were enrolled. Three hundred 

seventeen (38.2%) infants with incomplete follow-up to establish HIV status were 

excluded from the analysis, leaving 512 mother-infant pairs. The women who were 

excluded from the analysis did not differ from those who were included in age, level of 

education, mean maternal VL, mean CD4+ counts, PM infection rates, proportion of low 

birth order (i.e., gravida <2 versus > 3) and rates of episiotomy/perineal tear. However, 

they were more likely to have infants bom with low birth weight (9.1% versus 5.5%; 

P=0.04). The baseline characteristics of the 512 women included in the analysis are 

shown in (Table 1). Age ranged from 14 to 39 years with a mean of 22.5 years (SD = 

4.5). Among these 512 women, 179 (35.5%) were primigravidae, 128 (25.0%) had PM, 

415 (83.5%) had anemia (haemoglobin < 1 lg/dl) and 102 (19.9%) transmitted HIV to 
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their infants in the perinatal period. Rapid plasma reagin testing (n=446) revealed that 

the prevalence of antibodies to Treponema pallidum was 2.0%. Maternal CD4+ count 

and HIV VL were available for 464 (90.6%) and 455 (88.9%) of the women, 

respectively. 

Univariate Analysis: 

High maternal VL (> 10,000 viral copies/ul), low CD4 count (< 200 cells 

copies/ul) were significantly associated with MTCT (Table 2). When analyzed as 

continuous variables, transmitting mothers had higher geometricmean VL than non-

transmitting mothers 7943 versus 1259 copies/ul; P < 0.001) and mean [SD] low CD4 

count (511 [283] versus 657 [339] cells/ul; P < 0.001). Others characteristics 

significantly associated with MTCT included episiotomy and/or perineal tear, LBW or 

SGA infants, and being of low birth order (primigravidae or secundigravidae). In 

addition, multigravidae with a history of the most recent live-born infant having died by 

the time of screening had increased risk of perinatal HIV transmission when compared to 

women without this history [26.8% (19/71) versus 15.3% (36/236), RR 1.8; (95%CI: 1.0-

3.1); P = 0.05]. Additional variables studied but not found to be associated with perinatal 

HIV transmission included: history of hospitalization; ever being treated for tuberculosis; 

vaginal discharge in the current pregnancy; a history of fever in the two weeks prior to 

delivery; moderate to severe anaemia (Hb < 8g/dl); malaria parasitaemia in the third 

trimester (i.e., at screening); history of antimalarial use in the current pregnancy; 

maternal age; maternal educational level; marital status; and duration of rupture of 

membranes. 
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We further examined the relationship between maternal HIV VL and MTCT, 

categorizing our study women into quintiles based on VL counts. MTCT rates varied 

from 7% among those with HIV VL below the detection limit (BDL) to 44% among 

those in the highest measured quintile (Figure la). Similarly, CD4 cell count was 

associated with MTCT, with rates varying from 59% among women with CD4 count less 

than 200, and markedly lower transmission in all other categories (Figure lb). 

Intriguingly, PM was associated with a 40% reduction in the risk of MTCT (RR, 

0.6; 95% CI: 0.4-1.0; P = 0.05) (Table 2). Compared to women without PM (MTCT rate 

= 21.9%) (Figure 2), this lower MTCT rate was observed particularly among women with 

placental parasitemia at lower densities (1-9999 parasites/ul; MTCT rate = 11.5%) but 

was not true for women with higher density placental parasitemia (> 10,000 parasites/ul; 

MTCT rate=25.0%), (who represented approximately one fifth of women with placental 

malaria). Among women with VL below the detection level, MTCT occurred in none of 

35 mothers with PM, compared to 10 (8.7%) of 115 mothers without PM. 

Multivariate analysis 

The characteristics significantly associated with MTCT in the univariate analysis 

and those previously described as associated with MTCT in other studies were further 

analyzed in Poisson models. We first assessed characteristics associated with MTCT in 

our entire study population, and then separately in only women without and with PM. 

Among all study women, maternal VL and episiotomy/perineal tear were independent 

risk factors and PM was an independent protective factor for MTCT. When placental 

parasitemia was categorized as low versus high density in this model, only low density 
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parasitemia was an independent protective factor for MTCT. In the population of women 

without evidence of microscopically detectable PM, maternal VL, gravidity <2, and low 

birth weight in the newborn were significant risk factors for MTCT. In the population of 

women with microscopically detectable PM (where MTCT was overall lower than in the 

malaria-negative women), maternal VL, episiotomy/perineal tear, and high density 

placental infection were significant risk factors for MTCT (Table 3). In the multivariate 

model for the entire population and the model for women with PM, there was significant 

interaction between VL and PM density. 

We further examined this interaction between maternal VL and PM in stratified 

and modeled analyses. As shown in Table 4, a number of characteristics (e.g., frequency 

of episiotomy/perineal tear, mean CD4+ count, mean gravidity, mean hemoglobin) were 

similar for women without malaria, those with low density PM, and those with high 

density PM. Women with PM were of lower mean gravidity when compared to women 

without PM. Compared to women without PM, geometric mean maternal VL was 

slightly higher in women with low density parasitemia, and was 2-fold higher in women 

with high density parasitemia, however, these differences were not statistically significant 

(p= 0.36 and p=0.19, respectively; Table 4). As shown in Table 5, overall, the geometric 

mean VL was 5-fold higher in transmitters than in non-transmitters. While in women 

without PM the geometric mean VL in transmitters was 4-fold higher than in non-

transmitters, among women with PM, the geometric mean VL was 25-fold higher in 

transmitters than in non-transmitters. And, among transmitting women, those with PM 

had an 8-fold higher geometric mean VL than those women without PM. 
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This was further evaluated in models comparing the relative risk of perinatal 

transmission between the three groups at various levels of maternal VL. As shown in 

Figures 3a, low density placental parasitemia was associated with significant protection 

for MTCT at the lower VL levels, but not at higher VL levels. And, when comparing 

women with low versus high density parasitemia, high density placental parasitemia was 

associated with increased risk for MTCT, but only at the higher VL levels Figures 3b. 

Discussion 

This evaluation of perinatal HIV transmission in a malarious area of western 

Kenya demonstrated that approximately 20% of infants bom to HIV-infected mothers 

acquired HIV by 4 months of age. While it is possible that some of the observed MTCT 

was from breastfeeding, the 20% rate of early MTCT noted in our study is similar to rates 

reported in other sub-Saharan African settings [39-41] and other settings elsewhere [42]. 

In this setting where HTV prevalence in pregnant women is high (approximately 25%), 

and an expected additional 10% of infants born to these women will acquire HIV through 

breast feeding [43], we estimate that until there is an effective prevention program with 

wide coverage, approximately 8% of all infants in this area will acquire HIV in early 

childhood through MTCT. We found that maternal VL in peripheral blood at the time of 

delivery and having an episiotomy or perineal tear were risk factors for MTCT. MTCT 

was seen within all levels of VL, and was associated with a 1.7-fold increased risk with 

each logio increase in VL. The approximate one third of women with either a perineal 

tear or an episiotomy experienced a 1.6-fold increased risk of MTCT compared with 

women without tear or episiotomy. Among women without PM, LBW and low birth 
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order were significant risk factors for MTCT. However, when women with PM were 

included in the multivariate analysis (either the analysis of all study women or only 

women with PM), LBW, prematurity, SGA and low birth order were not retained in the 

final models. These findings are consistent with previous studies that evaluated risk 

factors for MTCT [44,45], and suggest that, while our study may have enrolled a 

population of pregnant women with attention to the evaluation of malaria, our basic 

investigation of MTCT is consistent with other studies that did not focus on malaria. 

Contrary to our expectations, we observed that, overall, women with PM had 

lower rates of MTCT than women without PM. PM was identified in 25.0% of our final 

study sample and compared to women without PM, women with PM were more likely to 

be of low birth order, younger and to have high logio mean VL. When examining the full 

cohort of HIV-infected pregnant women in the multivariate models and examining 

potential confounding factors, we observed that PM infection remained protective against 

MTCT (with VL and episiotomy/perineal tear remaining as the only other identified risk 

factors for MTCT). 

Because this was an unexpected finding, we further examined the relationship 

between PM infection, the factors that were associated with having PM, and possible 

interaction with VL, episiotomy/tear, or other putative factors associated with MTCT or 

maternal viral load. Within this extensive evaluation, we observed that compared to 

parasitemic women with low parasite density PM, women with PM (> 10,000 parasites/|il 

of blood), had significantly higher rates of MTCT. And, in additional models, only low 

placental parasite density (1-9999 parasites/ul of blood) was associated with protection 

from MTCT; high density placental infection was either a risk factor for MTCT (in the 
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model evaluating only HIV-infected women with PM) or it was not a significant risk 

factor (at high viral loads) or protective factor for MTCT (at low viral loads) (in the 

model evaluating all women). Further evaluation of possible confounders or interactions 

with gravidity, maternal age, recent treatment with chloroquine, recent SP treatment, 

maternal anemia, birth weight or gestational age of the infant did not alter these findings. 

In a further analysis of the mean VL among mothers with and without MTCT, we 

observed that among non-transmitting women, the mean VL was relatively low and 

similar between women with and women without PM. As expected and as shown in our 

study, the mean VL was higher in transmitting women; but among transmitting women, 

mean VL was 8-fold higher if the woman had concurrent PM. This is consistent with the 

suggestion that high density PM may be an important stimulus of viral replication, 

consistent with laboratory and human studies in non-pregnant populations [15-17]. 

However, this finding also suggests that in order for women with PM to transmit, they 

must mount very high VL to overcome the immune response that has been stimulated 

through the PM infection. Alternatively, high density PM and high VL coincide in these 

women who have been unable to mount sufficient immune control over both their malaria 

and their HIV infection, and that these women go on to have a higher likelihood of 

MTCT. 

Our study had some important limitations. First, only healthy women were 

screened for this study, and therefore no women with ADDS or any known underlying 

chronic illness were enrolled. Although this eliminated many potential clinical 

conditions that could have complicated the analysis (e.g., a higher likelihood of 

additional concurrent infections), it restricted our study population to the "healthiest" 
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women with HIV and likely resulted in an underestimate of the overall rate of MTCT in 

our study area. In addition, only women who delivered at the hospital were enrolled. 

Because approximately 50% of women screened antenatally came to the hospital for 

delivery, this may have led to enrollment bias and thus our sample may not be entirely 

representative of the general clinic population. Some infants categorized as having 

acquired HIV through perinatal transmission may have actually acquired it through early 

breast-feeding transmission as our study was done in an exclusive breastfeeding 

population. However, the inclusion of these infants would likely bias the results toward 

underestimating the magnitude of the observed risks. Our measurement of PM was 

limited to microscopic examination of placental smears and could have been inexact, and 

those with no evidence of PM may have had very low-density infection and were 

misclassified as having no malaria. Such misclassification would be expected to bias our 

findings toward the null. Finally, in a study such as ours, loss to follow-up always has 

the potential to introduce bias. A good proportion of infants enrolled in our study were 

lost to follow-up (38.2%) and the majority of these were HIV PCR negative at their last 

recorded visit. This could have also resulted in an underestimation of the rate of perinatal 

transmission in our study population, if a substantial number subsequently seroconverted. 

However, as noted, these mothers and infants who were lost to follow-up were generally 

similar to the study population included in our analysis and we were unable to detect 

biases that would have affected our analysis of MTCT risk factors. 

There may be several possible explanations for our observation of an association 

between low-density PM and reduced MTCT. First, chloroquine consumption was very 

common, and over 16% of women reported self-treatment (typically for fever) with this 

21 



antimalarial during pregnancy. High-grade chloroquine resistance in this area is 

widespread and treatment with this drug is unlikely to result in clearance of placental 

infections, but may reduce parasite densities. Chloroquine is also known to have anti-HIV 

properties and to reduce HIV-l replication and viral loads in adults [46,47] and as such 

may reduce the risk of MTCT. Although chloroquine use was documented, we did not 

collect details on the dose and frequency of its use. Although there were no differences in 

the proportion of women with or without placental malaria who had used chloroquine, 

women with (placental) malaria may have used chloroquine more frequently and at 

higher cumulative doses than women without placental malaria. 

A more likely explanation is that a complex balance of antigen stimulus and 

immune response events led to our findings. In this scenario, active PM infection leads 

to a local immune response (involving antibody, cytokine, and cellular responses [48, 49] 

that typically has the ability to control the density of parasitemia and, we hypothesize, 

may also provide immune control that limits MTCT. At the same time, we find evidence 

that there is likely a balancing parasite antigen stimulation of HTV viral replication that 

leads to some increase in VL, consistent with findings described by others (15-17). For 

the majority of PM-infected women (approximately 80% in our study), this resultant 

balance leads to "protection" with controlled (low density) PM and reduced MTCT. For 

a minority of PM-infected women (approximately 20% in our study), the balance is tilted 

to inadequate control of PM (i.e., higher density of malaria infection with concommitant 

increased antigen stimulation of viral replication and higher VL) and higher rates of 

MTCT. This is consistent with our observation that women with high-density PM do 

have higher rates of MTCT compared to women with low density PM, but that they 
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require much higher viral loads to achieve this transmission. Our findings suggest that 

the relationships between PM, VL, and MTCT are complex, and the explanations given 

are speculative. These findings will need to be confirmed and expanded upon in further 

research in different settings. 

Our observations that high maternal VL and excess foetal exposure to maternal 

blood (having an episiotomy or perineal tear) are associated with increased MTCT 

emphasize the importance of interventions to reduce these risk factors. Population-

attributable fraction is an estimate of the reduction in transmission that might be expected 

if a risk factor could be eliminated. Given that 45.6% women had VL greater than the 

mean (1905 copies/nl) with an RR for perinatal transmission of 1.3, and 36.4% had 

episiotomy or perineal tear with a RR of 1.6, we estimate that the two factors contributed 

substantially to perinatal HIV transmission, with a population attributable fraction of 

16%, and 20%, respectively). This is particularly important in view of the recent 

availability of newer, potent antiretroviral agents that have been shown to decrease VL to 

low levels [50-52]. The use of these agents to reduce MTCT should continue to be 

encouraged including use of short treatment courses of antiretroviral agents for resource 

poor countries [36, 53, 54]. The high attributable fraction for episiotomy/perineal tear 

underscores the important role of exposure to maternal blood and intrapartum 

transmission [55] and suggests that reducing these events will substantially reduce the 

risk of perinatal HIV infection in this setting. 

The finding of reduced MTCT in the presence of low-density (but not high-

density) PM does not suggest altering existing recommendations for the use of 

intermittent preventive antimalarial treatment in pregnant women in malarious areas of 
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Africa [56]. For the majority of dually (malaria + HIV) infected women, the overall 

outcome will have modest benefit for MTCT reduction, but for the minority with 

insufficiently controlled infections, MTCT will be increased. At this point, we do not 

appear to be able to differentiate, in advance, which women will end up in which group. 

And, the important benefit of antimalarial treatment may be to reduce the likelihood of 

women having high-density PM and in also helping reduce the other known adverse 

effects of malaria in pregnancy, including anemia, low birth weight and prematurity [57-

59]. 

This study was carried out in Kenya in a changing environment of perinatal HIV 

and malaria prevention and has been transformed into a programme of delivery of short 

course antenatal antiretroviral therapy to HIV-infected women and a system to support 

the provision of intermittent preventive antimalarial treatment during pregnancy 

according to newly adopted national policy. Efforts are underway to develop and expand 

this prevention programme more widely in Kenya, with HIV counseling and testing, 

community education, and the provision of antimalarials to prevent the consequences of 

malaria and antiretrovirals for MTCT prevention. As more countries adopt policies of 

antiretroviral and antimalarial interventions in pregnancy, there is need for ongoing 

evaluation of the interrelationship and ultimate benefit of these two interventions. 
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Table 1. Characteristics ofHIV+ women and their newborns participating in perinatal 
HIV transmission study, Kisumu, western Kenya, 1996- 2001 

Characteristic All women n = 512* 

Maternal socio-demographic: 

Luo ethnic 

Mean age (years) ± SD 

Mean gravidity ± SD 

Primigravidae 

Completed primary education (> 8 years) 

Unemployed 

Married 

History of fever and treatment for malaria: 

History of fever previous week at screening 

History of fever a fortnight before delivery 

Treated for malaria in current pregnancy 

Auxiliary temperature >37.5 C at screening 

Laboratory: 

RPR(+) 

Hb < 11 g/dl at screening 

Hb < 8 g/dl at screening 

Mean maternal CD4+ (% <200 cells/ul) one month post-partum 

Mean maternal log 10 viral load at delivery (% below detection of 

400 copies) 

Peripheral parasitaemia at screening 

Peripheral parasitaemia at delivery 

Placental malaria 

Delivery: 

Episiotomy and/or perineal tear 

Mean duration of rupture of membranes ± SD (% > 4 hours) 

Newborn: 

Mean birth weight (% LBW) 

Prematurity (< 37 weeks completed gestation) 

Maternal HIV Transmitters 

86.5% 

22.4 ± 4.4 (range 14-39) 

2.3 ± 1.4 (range 1-9) 

35.9% 

68.0%(n=510) 

74.3% 

78.4% 

23.2% (n=509) 

28.0%(n=511) 

13.4% 

2.9% (n=455) 

2.0% (n = 446) 

84.4%(n=418) 

20.6%(n=418) 

629 ±334 (4.7%) (n = 464) 

3.28 ± 0.92 (33.0%) (n = 455) 

21.9% (n = 415) 

19.7% (n-497) 

25.0% 

36.4% 

2.7 ±6.2 (15.4) 

3144 ±420 (5.5%) 

8.2% 

102 (19.9%) 

'If characteristic not measured for all 512 women, n is given in parentheses. SD=standard deviation 
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Table 2. Risk factors associated with perinatal HIV infection by maternal viral, 
immunologic, obstetric and other factors (univariate analysis), Kisumu, western Kenya, 
1996-2001 

VARIABLE 

Viral load >10 000 
No 
Yes 

CD4+ cells < 200 
No 
Yes 

Hb < 8 g/df at screening 
No 
Yes 

3rd trimester maternal parasitaemia 
No 
Yes 

Maternal parasitaemia at delivery 
No 
Yes 

Placental malaria 
No 
Yes 

Ever been treated for tuberculosis 
No 
Yes 

Treated for vaginal discharge 
No 
Yes 

Hospitalized during current pregnancy 
No 
Yes 

History of fever 2 weeks before delivery 
No 
Yes 

Episiotomy/perineal tear 
No 
Yes 

Primi/Secundigravidae 
No 
Yes 

Low birth weight 
No 
Yes 

Prematurity 
No 
Yes 

Small for gestational age 
No 
Yes 

No. 
STUDIED 

358 
97 

442 
22 

332 
86 

324 
91 

399 
98 

384 
128 

496 
13 

477 
32 

472 
39 

368 
143 

325 
186 

190 
322 

484 
28 

468 
42 

444 
66 

No. 
INFECTED 

(%) 

50(14.0) 
40(41.2) 

74 (16.7) 
13(59.1) 

58(17.5) 
22 (25.6) 

64(19.8) 
15(16.5) 

83 (20.8) 
15(15.3) 

84 (21.9) 
18(14.1) 

98(19.8) 
4 (30.8) 

93 (19.5) 
9(28.1) 

95 (20.1) 
7(18.0) 

-7A / I Q r\\ 
i \J \ \.y.\j) 

32 (22.4) 

56(17.2) 
46 (24.7) 

26(13.7) 
76 (23.6) 

91 (18.8) 
11(39.3) 

92(19.7) 
10(23.8) 

83(18.7) 
19(28.8) 

RELATIVE RISK (95% 
CONFIDENCE INTERVAL) 

1.0 
3.0(2.1-4.2) 

1.0 
3.5 (2.4-5.3) 

1.0 
1.5(1.0-2.3) 

1.0 
0.8(0.5-1.4) 

1.0 
0.7(0.4-1.2) 

1.0 
0.6(0.4-1.0) 

1.0 
1.6(0.7-3.6) 

1.0 
1.7(0.8-2.6) 

1.0 
0.9 (0.4-1.8) 

1 A 

i .v 
1.2(0.8-1.7) 

1.0 
1.4(1.0-2.0) 

1.0 
1.7(1.1-2.5) 

1.0 
2.1 (1.3-3.4) 

1.0 
1.2(0.7-2.1) 

1.0 
1.5(1.0-2.4) 

P VALUE 

<0.001 

<0.001 

0.09 

0.48 

0.22 

0.05 

0.33 

0.24 

0.74 

0.39 

0.04 

0.007 

0.008 

0.52 

0.06 
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Table 3. Risk factors for perinatal HIV transmission (mulitvariate Poisson model), 
Kisumu, western Kenya, 1996- 2001 

Adjusted relative risks (RR) for perinatal HIV transmission 

All women** 

n=411 

RR (95% CI) 

Log,0 viral load 1.8(1.6-2.1) 

Episiotomy/perineal tear 1.6 (1.2-2.1) 

Low birth weight 

Gravidity <3 versus >3 

Placental malaria status: 

Negative Reference* 

1-9999 parasites/ul 0.4 (0.2-0.6)** 

10,000 parasites/ul 0.7 (0.3-21.5)** 

P-Value 

< 0.001 

0.004 

< 0.001 

NS 

—: factor was not retained in the final model 

CI: confidence interval 

n/a: not applicable 

NS: not significant 

Placental malaria (-) 

n=309 

RR (95% CI) P- Value 

1.7(1.4-2.0) < 0.001 

-

1.9(1.1-3.2) 0.03 

1.8(1.2-2.8) 0.003 

n/a 

n/a 

n/a 

Placental malaria (+)** 

n=102 

RR (95% CI) P-Value 

3.5(2.5^.8) < 0.001 

4.8(2.3-9.7) < 0.001 

-

-

Reference 

2.0(1.1-3.9) 0.04 

*An alternative model, in which placental malaria (PM) was fit as a binary variable 

(positve or negative) showed that PM was protective for perinatal HIV transmission (RR 

0.4,95%CI 0.3-0.7, P < 0.001). In that model, Logio viral load and episio 

tear remain as independent risk factors. 

tomy/perineal 

•There was a significant interaction between viral load and placental malaria density (P 

= 0.02) in these analyses. The effect of this interaction on the risk ratio for placental 

malaria is shown in figures 3a and 3b. All risk ratios given in this table do not include 

this interaction, but give a weighted average of the 

levels of viral load. 

placental malaria effect at various 
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Table 4. Relationship between maternal placental malaria and/or parasite density and 
other factors associated with perinatal HIV transmission, Kisumu, western Kenya, 
1996-2001 

Women with PM only 
All women Parasite density 

% Perinatal HIV 
transmission 
Geometric mean 
VL 
% Episiotomy/tear 

Mean CD4+ cell 
count ± SD 
% <200 CD4+ cell 
count/nl 
Mean gravidity 

MeanHb 

Mean Birth weight 

% SGA 

PM-
21.9 
(384) 
1738 
(348) 
35.0 
(383) 

616 ±329 
(343) 
5.5 

(343) 
2.4 ± 1.4 

(384) 
10.0± 1.8 

(347) 
3148.0±418.1 

(384) 
12.3 

(382) 

PM+ 
14.1 

(128) 
2399 
(107) 
40.6 
(128) 

668 ± 347 
(121) 
2.5 

(121) 
2.1 ±1.3 

(128) 
10.2 ±1.8 

(106) 
3130.1 ±426.8 

(128) 
14.8 

(128) 

l-9,999/|il 
11.5 

(104) 
2187 
(88) 
40.4 
(104) 

671 ±351 
(98) 
2.0 
(98) 

2.2 ±1.3 
(104) 

10.2 ± 1.8 
(88) 

3154.4 ±415.7 
(104) 
12.5 

(104) 

> 10, 000/ul 
25.0 
(24) 
3388 
(19) 
41.7 
(24) 

651 ±335 
(23) 
4.3 
(23) 

1.8± 1.1 
(24) 

10.4 ±2.2 
(18) 

3024.5 ± 466.4 
(24) 
25.0 
(24) 

P-value 
*0.06 
**0.08 
*0.20 
**0.47 
*0.29 
**1.0 
*0.15 

**0.81 
*0.22 

**0.47 
*0.03 

**0.20 
*0.22 

**0.66 
*0.68 

**0.18 
*0.45 
**0.20 

PM: Placental malaria 
VL: Viral load 
SD: Standard deviation 
Hb: Haemoglobin 
SGA: Small for gestational age 
* P-value comparing women with PM with those without PM 
** P-value comparing women with low density PM (1-9,999 parasites/ul) with those with high 

density PM (> 10, 000 parasites/ul) among only women with PM. 
Number studied indicated in parentheses. 

29 



Table 5. Association between maternal viral load and placental malaria among 
women who did and did not transmit HIVperinatally to their infants, Kisumu, western 
Kenya, 1996- 2001 

Transmitters Non-transmitters 
Geometric mean Geometric mean 
HIV viral load* HIV viral load P-value 

All women (n = 455) 7,083 1,378 < 0.001 

Placental malaria 

Placental malaria (+) 

Placental malaria (-) 

P-value 

41,217 

5,402 

0.002 

1,675 

1,286 

0.26 

< 0.001 

< 0.001 

"Viral load expressed as copies per microliter of plasma 
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Figure 1a. Perinatal HIV transmission rates by maternal HIV viral load (n = 455) 

BDL 2.60-3.07 3.08-3.50 3.51-3.89 3.90-4.53 

Maternal HIV viral load (Iog10) 

>= 4.54 

BDL: Below detection level (i.e., viral load of 400 copies/^l) and were assigned a value of 
200 copies/|il. 

Figure 1b. Perinatal HIV transmission rates by maternal CD4 cell count (n = 464) 

< 200 200-394 395-534 535-661 662-873 

CD4 cell count* 

>=874 

'Cell count/|jl: Categories represent quintiles from those above 200 cells/nl 
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Figure 2. Perinatal HIV transmission rates by placental malaria density (n =512) 
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Figures on top o f the bars refer to n u m b e r examined. 
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Figure 3a. The effect of viral load and placental malaria density on risk of perinatal HIV 
transmission, Kisumu, western Kenya 1996-2001. 

Log10 Matamal Viral Load • 14,999 paraiKaa/ul 
• >- 10,000 parasitet/u) 

• • - RR"1 nc malaria i i refarance group 

Figure 3b. The effect of viral load and high density placental malaria on risk of 
perinatal HIV transmission, Kisumu, western Kenya 1996-2001. 
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In Figure 3a, wo men without placental malaria (represented by the horizontal dashed line) are compared to those 
with placental malaria of low (1-9,999 paras ites/ul) and high (> 10, 000 paras ies/ul) parasite density. 
Figure 3b examines women with placental malaria only, in which women with low density placental malaria 
(represented by the horizontal dashed line) are compared to those with high density placental malaria (> 10, 000 
paras ies/ul) (represented by the continuous line with bolded squared dots). 

RR; relative risk. 
Error bars refer to 95% confidence interval. 
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Summary: Our objective was to evaluate HIV prevalence and identify risk factors 
for HIV infection among women attending the antenatal clinic (ANC) at a large 
public hospital in Kisumu town, western Kenya. Between June 1996 and November 
1997, in the context of a study to determine the effect of placental malaria on 
mother-to-child transmission of HIV in western Kenya, HIV-1 antibody testing was 
offered to women with a singleton uncomplicated pregnancy of 3s 32 weeks' 
gestation attending the ANC. Women were interviewed using a structured 
questionnaire and had a fingerstick blood sample collected for haemoglobin (Hb), 
malaria smears, and HIV antibody testing. 

Overall HIV seroprevalence was 26.1% (743/2844) (95% confidence interval (CI): 
24.5-27.7) and in bivariate evaluation was significantly associated with anaemia 
(Hb<l lg /d l ) (risk ratio (RR) 1.8), malarial parasitaemia (RR 1.6), fever (axillary 
temperature 3=37.5=C at screening) (RR 1.6), a history of being treated for either 
vaginal discharge (RR 1.5) or tuberculosis (RR 1.6), reported alcohol consumption 
(RR 1.6), being an unmarried multigravida (RR 2.2) or a history of the most recent 
child having died (RR 2.0). Poisson regression analysis for all women identified 5 
significant factors independently associated with HIV seropositivity: anaemia 
(adjusted RR 1.7; 95% CI 1.3-2.0), malarial parasitaemia (adjusted RR 1.7; 95% CI 
1.4-2.0), a history of being treated for vaginal discharge (adjusted RR 1.5; 95% CI 
1.1-2.0), fever (adjusted RR 2.0; 95% CI 1.3-3.2) and reported alcohol consumption 
(adjusted RR 1.6; 95% CI 1.1-2.5). Multigravidae women whose most recent child 
had died were also more likely to be HIV seropositive (adjusted RR 1.9; 95% CI 1.7-
2.8). Only 5.5% (156/2844) of the women had none of these risk factors, of whom 
12% (18/156) were HIV(+). Even though the model containing the 5 identified 
factors fitted the data well (goodness-of-fit x2=18.41, P=0.10), its collective capacity 
to predict HIV infection was poor; while 74% of the truly positive women were 
correctly predicted positive by the model, 52% of the truly negative women were 
misclassified. 

Among pregnant women attending the ANC in western Kenya, we were unable 
to identify a subgroup at risk of HIV infection using non-serological information, 
indicating that wherever possible universal access to voluntary HIV counselling and 
testing would be preferable to targeted screening. 

Keywords: Risk factors, HIV, pregnancy, antenatal clinic, Kenya, Africa 
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women and young children in sub-Saharan Africa1. 
In addition to complications of pregnancy, it is one of 
the 2 leading causes of death among women of 
reproductive age in this region2-3. In sub-Saharan 
Africa, HIV is mainly spread through heterosexual 
transmission, and the seroprevalence among child-
bearing women is high. Pregnant women serve as an 
important group to monitor the extent of the HIV 
infection in the sexually-active general popula
tion4-3. The prevalence of HIV infection among 
pregnant women has increased markedly in some 
areas of sub-Saharan Africa from less than 10% in 
1980s to > 30% in 1997/1998 in Zambia, Malawi and 
Zimbabwe6-8. Kenya is experiencing a growing 
HIV/AIDS epidemic, and in Nairobi, HIV preva
lence among pregnant women increased from 6.5% 
in 1989 to 13.0% in 19919, and to 16.4% in 199810. 

A recent study indicated that a short course of 
zidovudine given in late pregnancy and at delivery 
decreased vertical transmission of HIV in a non-
breastfeeding population by 50%". In addition, 
HIV transmission through breastfeeding has been 
clearly documented12. The identification of HIV-
infected pregnant women through ANC counsel
ling and testing would allow for the targeting of 
prevention strategies to reduce HIV transmission 
from mother-to-infant during pregnancy, and in 
the postpartum period, would permit women to 
make informed reproductive decisions about 
future pregnancies, and would facilitate long-range 
health planning for mothers and infants13"1'. 

Access to HIV counselling and testing for 
pregnant women is not common in Kenya or most 
parts of sub-Saharan Africa16. The identification of 
factors associated with maternal HTV infection may 
enhance the targeting of the limited resources for 
counselling and testing in developing countries to 
sub-populations among the ANC attenders who 
will most benefit from the services. As part of an 
on-going study to determine the effect of placental 
malaria on mother-to-child transmission of HIV in 
western Kenya, we evaluated HIV prevalence and 
identified risk factors for HIV seropositivity among 
women attending the ANC at a large public 
hospital in Kisumu town. 

SUBJECTS AND METHODS 

Study site 

Kisumu is located on the shores of Lake Victoria in 
western Kenya with a population of 300,000. The 
main ethnic groups in this area are the Luo, 
followed by the Luhya and the Kisii. Malaria is 
highly endemic in the area around Kisumu 
municipality, principally infection caused by Plas
modium falciparum, which accounts for 98% of 
malaria cases (the remaining 2% being P. malariae/ 
P. ovale). HIV infection is also highly prevalent in 
the area10-17. Our study was conducted at Nyanza 
Provincial General Hospital (NPGH), a large 
government referral hospital with 400 beds, which 

provides healthcare mostly to the low-income 
population in this area. On average, about 30 
pregnant women present each day for their first 
antenatal care visit to the ANC service. 

Enrolment procedures 

Data on risk factors for HIV seropositivity were 
collected as part of an on-going larger study to 
assess interactions between HIV infection and 
malaria during pregnancy and the impact of both 
infections on maternal and infant health. The 
objectives and procedures of the larger study were 
explained in the local languages (Dholuo and 
Kiswahili). All women who came for regular 
antenatal follow-up and had undergone their 
routine ANC care were candidates for the study 
if they had an uncomplicated singleton pregnancy 
of >32 weeks of gestation (based on the fundal 
height estimation by clinic nurse/midwife), if they 
resided within the Kisumu municipality, and if 
they had no known underlying chronic illness. 
Based on these inclusion criteria, on average, only 
10 of the 30 pregnant women making new visits to 
this ANC per day were eligible for the study each 
day. The most common reason for ineligibility was 
residence outside of Kisumu municipality. Upon 
giving signed informed consent, each woman was 
interviewed by trained study assistants using a 
structured questionnaire to obtain information on 
sociodemographic, health, and obstetric factors. 
She was then weighed, and a height and axillary 
temperature obtained. Upon completion of the 
questionnaire and measurements, each woman 
was counselled by a trained HIV counsellor in the 
local languages, and afterward an appointment for 
post-test counselling was made. 

After pre-test counselling, a blood sample was 
taken for HIV antibody testing, Hb, and malaria 
thick blood smear. To ensure confidentiality, post-
test counselling was done by the same counsellor 
who did the pre-test counselling. The counsellor 
was the only one who had access to the HIV test 
result and the laboratory personnel did not have 
access to study participant names. The woman 
received the result in a sealed envelope, and during 
the post-test counselling session, the implications 
of the results were discussed with her. If the 
woman requested, more counselling sessions were 
offered, and all women were encouraged to deliver 
in Nyanza Provincial General Hospital. As part of 
the post-test counselling for HIV-seropositive 
women, the risk of breast milk transmission was 
discussed. The present Ministry of Health policy is 
to recommend continued breastfeeding. Access to 
zidovudine was not standard in Kenya during the 
study period. The study protocol was approved by 
the institutional review boards at the Kenya 
Medical Research Institute (KEMRI) and at the 
Centers for Disease Control and Prevention (CDC), 
Atlanta, Georgia, USA. 
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Laboratory procedures 

HIV testing was done using 2 rapid tests: Serostrip 
HIV-1/2 [Saliva Diagnostic Systems (Singapore) 
Pte Ltd] and Capillus HIV-l/HIV-2 (Cambridge 
Diagnostics Ireland Ltd). A woman who tested 
positive on both tests was counselled and given 
results as HIV seropositive. We had previously 
assessed the sequential rapid test algorithm by 
confirmation with Western blot; when positive 
blood samples on both tests were confirmed by 
Western blot, the sensitivity was 99.8%, specificity 
was 98.9% and the negative and positive predictive 
values were of the same magnitude, respectively18. 
Malaria smears were stained with 10% Giemsa for 
10 min and parasites in positive smears were 
documented using standard methods19. Haemo
globin was measured using a Hemocue* machine 
(Mission Viejo, California, USA). 

Definitions 

An uncomplicated pregnancy was defined as a 
pregnancy without the presence of hypertension, 
pre-eclampsia, polyhydramnion, an abnormal pre
sentation of the foetus, a history of a previous 
Caesarean section, haemorrhage, or repeated abor
tions (>2). Parasitaemia was defined as any 
plasmodial asexual form detected on a thick 
peripheral blood smear. Women with Hb < l l g / 
dl of blood and <7g /d l were considered to have 
anaemia and severe anaemia, respectively20. Fever 
was defined as an axillary temperature of ^37.5 ;C. 
Any level of parasitaemia in association with an 
axillary temperature of >37.5°C was considered a 
clinical case of malaria. Women with reactive sera 
on the 2 rapid tests were considered HIV 
seropositive. Marriage referred to having 'ever 
been married', whether or not the husband was 
deceased, and not being currently divorced. 
Alcohol consumption referred to present users. 
Hospitalization was defined as an admission to the 
ward for at least a day. Employment was defined 
as any form of occupation where a wage is earned. 

Statistical analysis 

Bivariate analysis 
The relationship between demographic, reproduc
tive, clinical and laboratory parameters and HIV 
seropositivity was investigated by bivariate analy
sis. The Chi-square test was used to test for 
significant differences in proportions. Risk ratios 
(RR) were computed with their 95% confidence 
interval (CI) to measure the strength of the 
associations between the above parameters and 
HIV infection. Normally distributed continuous 
data were compared by the Student's t-test and 
one-way analysis of variance (ANOVA). 

Multivariable analysis 
Because many factors associated with HIV sero
positivity are interrelated, adjusted RR were 

estimated by a Poisson regression analysis21 to 
adjust for the confounding effect of different 
explanatory risk factors and to assess the indepen
dent contributions of each risk factor to the HTV 
seropositivity. The categories with low prevalence 
were used as the reference groups in the Poisson 
regression. Variables were included in the regres
sion model if they were significantly associated 
with HTV seropositivity in the bivariate analyses or 
if they are known from prior studies to be 
associated with HIV seropositivity. Stratified ana
lyses by gravidity were performed to assess 
potential confounding and effect modification. 

Model evaluation 
The suitability of the model containing significant 
factors independently contributing to predicting 
HIV infection obtained in multivariable analysis 
was tested by calculating its goodness-of-fit. After 
the goodness-of-fit statistics, an attempt was made 
to evaluate (validate) the predictive accuracy of the 
model in an unbiased manner (i.e. we attempted to 
test how the model was expected to fare in a 
different, 'real' group of patients a short while after 
the development of the model, by using the same 
data set)22. This was done by splitting the data set 
into 2. The first part (75%) of the data set 
represented the derivation/training set (i.e. the 
group used for deriving the model). The remaining 
data set (25%) was used as the test/validation data 
set to evaluate the derived model21. A person's 
predicted probability of being HIV positive is 
computed based on the individual's risk factors. 
Various cut-offs in predicted likelihood of being 
HIV positive were used to evaluate the sensitivity 
and specificity of the model. If the predicted 
probability is below the cut-off, the model classifies 
the person as being HIV negative; otherwise the 
person is classified as being HIV positive. The 
sensitivity and specificity of the model were 
calculated for each of the specified cut-offs. The 
cut-off with the best sensitivity and specificity 
values was then selected as the classification cut-off 
point. Epi Info 6.01 (Centers for Disease Control 
and Prevention, Atlanta, Georgia, USA) and 
Statistical Analysis System (Version 6.12, SAS 
Institute, Cary, North Carolina, USA) software 
packages were used. P values <0.05 were con
sidered statistically significant. 

RESULTS 

Study population 

From June 1996 to November 1997, of the 4308 
women residing within the study area who visited 
the study clinic, 85% (3662/4308) met the study 
inclusion criteria. Of the women eligible for the 
study, 80% (2930/3662) accepted HIV counselling 
and testing. Of the women who accepted, 2.9% (86/ 
2930) had discordant results on the 2 rapid tests 
and had indeterminate status with Western blot; 
these women were excluded from further analysis. 
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Of the remaining women, 26.1% (743/2844) were 
HTV seropositive (95% CI: 24.5-27.7). The baseline 
characteristics of the women are given in Table 1. A 
total of 39.2% (1116/2844) were primigravidae and 
60.8% (1728/2844) were multigravidae, of whom 
10.2% (176/1728) had 6 or more pregnancies. In 
addition, 12.7% of the multigravidae had a history 
of abortion/stillbirth, and 6.7% reported that the 
abortion or stillbirth had immediately preceded the 
present pregnancy. Among the multigravidae 
whose last pregnancy had ended in live birth, 
19.8% (319/1613) of the children had died by the 
time of interview. 

The largest occupational group was mainly 
unemployed/housewives 78.7% (2234/2840). The 
remaining occupations were unskilled workers/ 
vendors 17.7% (503/2840) and professionals 3.6% 
(103/2840). The occupational categories most likely 
to test positive for HIV were unskilled workers/ 
vendors 31.2% (157/503), unemployed/house
wives 25.2% (563/2234) and professionals 21.4% 
(22/103). Of the 602 married HIV-positive women 
with information about husband's employment, 
the largest percentage occupations of their partners 
were unskilled/vendors 92.4% (556/602), unem
ployed 6.0% (36/602), and professionals 1.7% (10/ 
602). Of 2146 married women with information 
about husband's education available, 85.1% (1846/ 
2146) had partners who had completed at least 
primary level education (>8 years of schooling). 

The prevalence of malarial parasitaemia at the 
time of enrolment was 20.5%, and 75.8% had third 
trimester anaemia (Hb<l lg /d l ) . HIV prevalence 
was 18.2% among the 13-15-year-olds, reaching 
peak prevalence (>30%) among the 20-29-year-
olds, with the prevalence decreasing to 14.6% 
among the > 35-year-old multigravidae with 6 or 
more previous pregnancies (Figure 1). 

Factors associated with HIV seropositivity 

Bivariate analysis 
Characteristics of the women's medical, demo
graphics, and obstetrical history and examination 
that were associated with HIV seropositivity by 
bivariate analysis are shown in Table 2. Among the 

Table 1. Baseline characteristics of screened women, Kisumu, 
western Kenya, June 1996-November 1997 

Variable 

Luo ethnic 
Mean age (years) ± SD 
Mean gravidity ± SD 
Primigravidae 
Completed primary education 

(S=8 years)* 
Unemployed 
Married 
HTV(+) 

All women (n=2844) 

78.0% 
22.2±4.9 (range 13-41) 

2.4 + 1.6 (range 1-12) 
397% 
66.0% 

75.9% 
79.7% 
26.1% 

'Incomplete data: one woman had no information on education 
SD=standard deviation 

13-15 16-19 20-24 25-29 30-34 >=35 

Age (years) 

Figure 1. Prevalence of HIV infection among antenatal clinic atlenJers 
by age group and gravidity, Kisumu, western Kenya, fune 199Ó-
November 1997. figures on top of the bars refer to numbers exjmined 
• Gl; • C2-C5: Q »C6 

study population as a whole, significant risk factors 
for HIV seropositivity were history of alcohol 
consumption; history of treatment for tuberculosis 
or vaginal discharge; fever at the time of testing; 
anaemia; malaria parasitaemia and history of being 
hospitalized in the current pregnancy. Among 
multigravidae, those who were not married and 
those whose most recent live-born infant had died 
by the time of screening were more likelv to be HTV 
seropositive (RR 1.6; 95% CI: 1.2-2.0) and (RR 2.0; 
95% CI: 1.7-2.3), respectively. Compared with 
other women, those whose occupation was un
skilled worker/vendor were at a higher risk of 
testing HIV positive (RR 1.3; 95% CI: 1.1-1.5). 
However, a history of one or more abortions 
(induced or spontaneous) or a stillbirth were not 
associated with an increased risk of HTV (RR 1.2; 
95% CI: 0.9-1.5). Low maternal weight (< 50 kg), 2 
or more weeks of medication use during the 
current pregnancy, having a positive Venereal 
Disease Research Laboratory (VDRL), or reporting 
obstetrical complaints with the current pregnancy 
were not associated with being HTV infected. 

Multivariable analysis 
Poisson regression models were performed for the 
whole study population and separately for primi-
gravid and multigravid women using significant 
variables from the bivariate analysis. Factors 
independently associated with HIV seropositivity 
among our study population were documented as 
fever at screening, anaemia, malaria] parasitaemia, 
a history of alcohol consumption and history of 
treatment for vaginal discharge during the current 
pregnancy (Table 3). A significant interaction was 
found between parasitaemia and documented 
fever (P=0.042). Clinical malaria was not associated 
with increased risk of HIV infection, but para
sitaemia without fever was. Similarly, documented 
fever in the absence of malarial parasitaemia was 
associated with HTV infection. Compared with 
women with no risk factor, those with at least 
one risk factor were at higher risk of HJV-1 
infection (RR 2.3, 95% CI: 1.5-3.6). Among the 
multigravidae, reported death of the most recent 
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Table 2. Risk factors associated with HIV seropositivity among pregnant women attending the 
antenatal clink (ANC), Kisumu, western Kenya, June 1996-November 1997 

AH women (n=2844) 

Variable 

Age < 22 years 
Education ^ 8 years* 
Employed* 
Married 
Unmarried multigravidae* 
Last child deceased' 
Consumes alcohol 
Treated for TB (now/past) 
Vaginal discharge5 

Hospitalized1 

Historv of fever previous week* 
Temperature ^37.5 C* 
Weight <50kg* 
VDRL(+)* 
Haemoglobin < l l g / d l * 
Blood smear positive* 

HIV(+) 

50.1% 
67.0% 
24.1% 
82.2% 

8.4% 
33.0% 

3.2% 
2.2% 
7.3% 
4.7% 

28.2% 
5.2% 
2.6% 
2.8% 

85.1% 
29.1% 

n=743 (26.1%) 

486) 
+49) 

H I V ( -

55.4% 
65.6% 
20.4% 
78.9% 

4.5% 
14.4% 

1.6% 
1.0% 
4.3% 
3.0% 

25.3% 
2.6% 
2.2% 
2.1% 

72.5% 
17.5% 

) n=2101 (73.9%) 

1242) 
1165) 

RR (95% CI) 

1.2 (1.0-1.3) 

1.1 (0.9-1.2) 
1.2 (1.0-1.5) 
1.2 (0.9-1.4) 
1.6 (1.2-2.0) 
2.0 (1.7-2.3) 
1.6 (1.2-2.2) 
1.7 (1.2-2.4) 

1.5 (1.2-1.8) 
1.4 (1.1-1.8) 
1.1 (0.9-1.3) 
1.6 (1.3-2.1) 
1.1 (0.8-1.7) 
1.2 (0.8-1.8) 
1.8 (1.5-2.2) 
1.6 (1.4-1.8) 

•Incomplete data: one woman had no information on education, 4 women on work, one on fever in the 
previous week, 12 had no temperature measurements, 4 had no weight taken, 281 had no Venereal 
Disease Research Laboratory (VDRL) test results recorded on their ANC card, 96 had no haemoglobin 

results and 11 had no blood smear 
'Multigravidae only. Number studied in parentheses 
'Hospitalized during the current pregnancy 
*Treared for vaginal discharge during this pregnancy 
RR=risk ratio; CI=confidence interval; TB=tuberculosis 

live-born infant was the only risk factor in addition 
to the above identified factors. Being unmarried 
and reported hospitalization during the current 
pregnancy were no longer significant risk factors 
for HIV infection after adjustment for other 
variables. 

The prevalence, sensitivity, specificity, and 
positive predictive value for individual factors 
independently associated with HIV infection are 
displayed in Table 4. Apart from anaemia, most of 
the risk factors had low sensitivity but high 
specificity. Most of the pregnant women had at 

Table 3. Risk factors associated with HIV seropositive 
(multivariable model) among pregnant women attending 
the antenatal clinic in Kisumu, western Kenya by 
gravidity, June 1996-November 1997 

Adjusted RR (95% CI) 
Variable All* (*=2844) 

Fever with no parasitaemia 2.0 (1.3-3.2) 
Anaemia 1.7 (1.4-2.1) 
Parasitaemia without fever 1.7 (1.4-2.0) 
Consumes alcohol 1.6 (1.1-2.5) 
Treated for vaginal discharge 1.5 (1.1-2.0) 
Last child deceased' 1 9 (15-2.3) 

*The model adjusted for ethnicity, age, axillary temperature 
at screening, peripheral parasitaemia, anaemia, history of 
treatment for vagina! discharge, history of alcohol consump
tion and history of treatment for tuberculosis. All were 
entered as categorical variables 
'Multigravidae only (rc=1728) 

least one of the significant risk factors; however, the 
presence of at least one risk factor had high 
sensitivity but low specificity and low positive 
predictive value. Only 5.5% (156/2844) of the 
women had none of the identified risk factors; 
12% (18/156) of those were HTV positive. Thus, 
only a very small proportion (2.4%, 18/743) of the 
HIV-positive women had none of the identified 
risk factors. 

Model evaluation 
The suitability of the 5-variable model for all 
women in predicting HIV infection was tested by 
calculating its goodness-of-fit. The results showed 
no evidence of an overall lack of fit of the 5-variable 
model, (goodness-of-fit x2=18.41, P=0.10). After the 
goodness-of-fit statistics, the predictive accuracy of 
the 5-variable model was evaluated (validated), 
using 25% of the sample as already explained. Even 
though the 5 variables in the model contributed 
independently in predicting HIV seropositivity 
among pregnant women, their collective capacity 
to predict seropositivity was poor. When the 
sensitivity and specificity of the 5-variable model 
were calculated for various cut-off values for the 
predicted probability of being HIV positive, the 
maximum value for sensitivity (74%) and specifi
city (48%) occurred at a cut-off of 0.20. Using 0.20 
as a prediction cut-off point, we calculated the 
proportion of women correctly classified [i.e. 
proportion of screened women in the total sample 
whose observed HIV status (negative or positive) 
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Table 4. Prevalence, adjusted relative risks, sensitivity, specificity, and positive predictive value (PPV) of identified 
risk factors for HIV-1 infection among pregnant women attending the antenatal clinic in Kisumu, western Kenya, 
]une 1996-November 1997 

Risk factor Prevalence (n) Adjusted RR (95% CI) Sensitivity Specificity 

Anaemia 
Parasitemia 
Treatment for vaginal discharge 
Fever 0 3 7 . 5 ' C ) 
Alcohol 
Last child deceased* 
Any risk factor 

76% (2748) 
21% (2833) 
5% (2844) 
3% (2844) 
2% (2844) 

19% (1728) 
94.5% (2844) 

17 (1.3-2.0) 
1.7 (1.4-2.0) 
1.5 (1.1-2.0) 
2.0 (1.3-3.2) 
1.6 (1.1-2.5) 
1.9 (1.7-2.8) 
2.3 (1.5-3.6) 

85.1% 
29.1% 

7.3% 
5.2% 
3.2% 

30.5% 
97.6% 

27.5% 
82.5% 
957% 
97.4% 
98.4% 
86.2% 
6.5% 

29.3% 
37.0% 
37.5% 
41.9% 
41.4% 
46.3% 
27.0% 

•Multigravidae only. rc=number of women examined among the study population 

agreed with predicted HIV status] by the 5-variable 
model. At this cut-off, while 74% (147/200) of the 
truly positive women were correctly classified by 
the'model (sensitivity), 52% (266/511) of the truly 
negative women were misclassified (false positive). 
However, this model particularly proved useful in 
predicting HIV-negative women. The proportion of 
HIV-negative women predicted to be negative was 
high (negative predictive value, 82%) compared 
with positive predictive value which was low, 36%. 

DISCUSSION 

The high prevalence of HIV infection (26.1%) 
among this population of pregnant women visiting 
a large government ANC in Kisumu town is 
consistent with similar studies from sub-Saharan 
Africa that have reported >20% HIV seropreva-
lence among women attending the ANC6-10-'7-23-23. 
The acceptance rate for HIV counselling and testing 
in this public ANC was high (80%), and most 
women returned for their HIV test results13. 
Whether the prevalence of HIV infection among 
pregnant women in Kisumu who were eligible to 
participate in the study but declined to do so is 
greater or less than the observed 26.1% is 
unknown. In addition, our study only included 
women who had attained a gestational age of 32 
weeks or more and who had uncomplicated 
pregnancies. If early foetal loss were more common 
among HlV-seropositive women, then the true rate 
among pregnant women would likely to be higher 
than that reported in our study. A recent study 
from Uganda indicated that HIV-seropositive 
women may have lower fertility rates23, which 
would also suggest that the high rate reported 
among pregnant women in our study may actually 
be an underestimate of the rate among all women 
of reproductive age. The high prevalence of HIV-1 
infection (18.2%) observed among young pregnant 
women (< 16-year-olds) suggests that a sizeable 
number of women in western Kenya are exposed to 
HIV almost from the time they became sexually 
active. 

Most pregnant women in Kenya do attend ANC. 
Results from a survey we conducted in 1994 
indicate that more than 95% of pregnant women 

in western and coastal Kenya have at least one 
ANC visit, and more than 90% have at least 2 
visits29. Because of the high ANC attendance rate in 
Kenya, ANCs provide an excellent setting in which 
to identify HIV-infected pregnant women for 
interventions to reduce mother-to-infant HIV 
transmission. Although universal access to HTV 
counselling and testing for all pregnant women 
would be optimal, the costs of such a programme 
may be prohibitive in many areas where most 
pregnant women receive antenatal care through 
publicly financed clinics. The identification of risk 
factors for HIV infection has the potential to allow 
targeting of ANC counselling and testing services 
to women with the greatest risk and has the 
potential for significant cost savings in a resource-
poor environment such as western Kenya. 

Although access to effective HIV treatment 
options are limited for pregnant women in most 
areas of the developing world, those who have 
accepted counselling and testing and who are 
found to be seropositive may benefit from advice 
regarding improved self-care, including adequate 
hygiene and nutrition, seeking early healthcare at 
the first sign of illness, and how to prevent the 
spread of the infection to others. In addition, 
interventions such as short-course zidovudine1314 

or nevirapine15, which have been shown to reduce 
peripartum mother-to-infant transmission, as well 
as evaluation of strategies to prevent breast milk 
transmission30 hold the promise that mother-to-
infant HIV transmission can be reduced even in 
resource-poor settings. Delivery of these control 
strategies will require a mother's knowledge of her 
HIV infection status, since only HIV-infected 
women would be expected to benefit from these 
interventions. 

In our multivariable analysis, malaria and 
anaemia were strongly associated with HIV sero-
posirivity. The higher risk of HIV infection among 
pregnant women with malaria parasitaemia is 
consistent with previous studies that demonstrated 
that HIV-infected women are at greater risk of 
malaria during pregnancy than uninfected wo-
men1'-31-33. The markedly higher prevalence of HIV 
infection among pregnant women with anaemia 
has also been observed in other studies in this 
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region2-34. One recent study documented a very 
high HIV infection among anaemic pregnant 
women and recommended that HIV be included 
in the evaluation of the aetiology of anaemia in 
areas of high prevalence of HIV infection35. In this 
study, documented fever in the absence of malarial 
parasitaemia was also associated with HIV infec
tion. Fever per se has been reported to be a marker 
for HIV seropositivity, and seroprevalence among 
febrile patients has been found to be higher than 
that in the general population4'36. 

Reported death of the infant most recently 
delivered was associated with HIV infection during 
the current pregnancy. The high prevalence of HIV 
infection among the pregnant women will inevi
tably result in an increasing number of children 
who will be infected with HIV through mother-to-
infant transmission. The association of maternal 
HIV infection with death of the most recent infant 
among pregnant women has also been observed in 
other studies37 and is likely to be in part due to 
mother-to-infant transmission of HIV either in the 
peripartum period or through breastfeeding1213. 
The association of higher infant mortality rates 
with maternal HIV infection have been reported in 
studies from Brazzaville (39%) and Kinshasa 
(21%)38'39. The norm in most parts of Africa for 
women who loose their infants through death is to 
get another pregnancy to replace the lost child. 
Access of such women to information about their 
HIV infection status through ANC counselling and 
testing may permit them to make better informed 
reproductive decisions about their future pregnan
cies and prevent subsequent vertical transmission 
to susceptible infants. 

We observed no association between HIV 
infection and reported history of one or more 
abortions (induced or spontaneous) or reported 
history of stillbirth among women in our study. 
This is in contrast to an increased rate of 
spontaneous abortion reported for HIV-infected 
women elsewhere in Africa40. Our study suggests 
that unlike women with more advanced disease, 
asymptomatic HIV infection may not significantly 
increase the rate of foetal wastage41. 

The prevalence of history of treatment for 
tuberculosis was low in this population (1.4%) 
and is likely due to the fact that women with 
known underlying illness were not eligible for 
enrolment into this study. Despite the fact that 
only asymptomatic women in apparent good 
health were included in the study, there was a 
positive association between HIV infection and 
history of being treated for tuberculosis in 
bivariate analysis of the entire study population. 
This confirms observations by other studies from 
sub-Saharan Africa, which have demonstrated a 
high prevalence of tuberculosis and HIV co-
infection42'43. 

HIV seropositivity was also associated with 
history of treatment for vaginal discharge. We 
were unable to collect more information on the 

aetiologies of vaginal discharge in this population, 
but studies have observed a high prevalence of 
vaginal discharge, mostly due to candidiasis, 
among HFV-seropositive women and particularly 
among those with immunosuppression44"46. 
Although few pregnant women reported alcohol 
use, it was also associated with HIV seropositivity 
in this population. A study from the Central 
African Republic showed an association between 
alcohol use and multiple sex partners, particularly 
among women47. However, our study was not 
designed to determine whether such an associa
tion exists among pregnant women in western 
Kenya. Cigarette smoking and blood transfusion 
was very rarely reported in this population (less 
than 1% of the women reported either of these 
factors) and the small numbers made it impossible 
for us to detect any potential association with HIV 
seropositivity. 

Although risk factors for HIV infection were 
discernible from our study by Poisson regression, 
the model containing the 5 identified risk factors 
had a low positive predictive value for HIV 
infection. In addition, only 5.5% of the women 
had none of the identified risk factors. Because of 
the high prevalence of HIV and high prevalence of 
factors associated with HIV infection in our entire 
study population, it was not possible based on our 
data to identify a well-defined sub-population of 
women to whom counselling and testing for HIV 
should be targeted. As a consequence, the overall 
population of pregnant women attending this 
ANC must be considered at high risk of HIV 
infection. 

Our study confirms findings of previous 
studies that were unable to identify asympto
matic HIV-infected women among ANC atten-
ders using non-serological information37'48. Given 
the high prevalence of asymptomatic HIV infec
tion in our population and elsewhere in sub-
Saharan Africa6"10-15-22-27 and the new and evol
ving opportunities for preventing perinatal HIV 
transmission, it appears that in western Kenya 
and in similar settings elsewhere, universal access 
to voluntary HIV counselling and testing would 
be preferable to targeted screening. 
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Abstract. To assess risk factors for anemia in late pregnancy, we studied healthy pregnant women with a singleton 
uncomplicated pregnancy of ^ 32 weeks attending the prenatal clinic in the Provincial Hospital in Kisumu, Kenya. 
Between June 1996 and December 1998, 4,608 pregnant women had a blood sample collected for hemoglobin (Hb) 
measurement, malaria smear, and testing for human immunodeficiency virus (HIV). The mean ± standard deviation 
of Hb was 9.58 ± 1.8 g/dL; 21% had malaria in their blood; and 25% of the women were HIV seropositive. 
Plasmodium falciparum parasitemia was more common among HIV-seropositive women in all gravidities compared 
with HIV-seronegative women (risk ratio. 1.71; 95% confidence interval, 1.53-1.92). In a multivariate analysis, for 
primi- and secundigravidae women, the factors malaria, belonging to the Luo tribe, and HIV seropositivity were 
significantly associated with any anemia (Hb < 11 g/dL). and HIV seropositivity and documented fever were asso
ciated with severe anemia (Hb < 7 g/dL). In women of higher gravidities, HIV seropositivity was the only statistically 
significant factor associated with any anemia or with severe anemia. Asymptomatic HIV seropositivity is an important 
risk factor to be considered in the differential diagnosis of maternal anemia, independent of P. falciparum parasitemia. 

INTRODUCTION 

Anemia in pregnancy is a major public health problem in 
sub-Saharan Africa, where the prevalence can be as high as 
75%.i-4 Anemia, even when mild, is associated with reduced 
work productivity. During pregnancy, severe anemia (he
moglobin [Hb] < 7 g/dL) may result in circulatory changes 
that are associated with an increased risk of heart failure.16 

During labor, women with severe anemia are less able to 
endure even moderate blood loss and as a consequence are 
at a higher risk of requiring a blood transfusion during de
livery.7-9 In addition, severe anemia in pregnancy is an im
portant direct and indirect cause of maternal death,l0_i: and 
for the fetus, severe maiernai anemia may result in intra
uterine growth retardation, stillbirth, and low birth 
weight,7'11"'6 

The etiology of anemia in sub-Saharan Africa is complex 
and multifactorial. Malaria is reported as a major cause of 
anemia, particularly in first and second pregnancies.:_*s Iron 
deficiency is the most common cause of anemia related to 
nutrition and is particularly common in multigravidae wom
en.14 Other nutritional deficiencies (vitamin B,:, folic acid, 
and vitamin A), congenital blood cell disorders (sickJe cell 
disease, a-thalassemia, and glucose-6-phosphatase deficien
cy), and infections (hookworm, schistosomiasis, or tuber
culosis) may also contribute to anemia in pregnancy. 

Although human immunodeficiency virus (HIV) infection 
is now well recognized as a major problem among pregnant 
women in sub-Saharan Africa, its impact on maternal health 
in the absence of acquired immunodeficiency syndrome 
(AIDS) is not well documented. HIV infection has been as
sociated with anemia in pregnancy* and may have both a 
direct effect on decreasing Hb levels and an indirect effect 
by increasing malaria."J* Conversely, iron-deficiency ane
mia and malaria have been associated with impairment of 
the immune system and could have an impact on the course 
of HIV and other infections.'9-" 

In Kisumu, Kenya, we studied the interaction between 
malaria and HIV during pregnancy. This study provided an 
opportunity to focus on risk factors for anemia in pregnancy 
in an area where both malaria and HIV infection are com
mon. 

MATERIAL AND METHODS 

Study site. This study was conducted at Nyanza Provin
cial General Hospital (NPGH) in Kisumu. Kisumu, with a 
population of — 300,000, is located on the shore of Lake 
Victoria in western Kenya. Malaria transmission occurs 
throughout the year, with peak transmission typically at the 
end of the rainy season from mid-April through June. Plas
modium falciparum accounts for 98% of the malaria cases. 
Chloroquine resistance is widespread, and — 75% of P. fal
ciparum infections demonstrate an RJI-RIII resistance pat
tern. u NPGH is a goverrunent-referral hospital with a total 
of 400 beds; it provides health care mostly to the local low-
income population. On average, — 100 women attend the 
prenatal clinic service daily, of whom 30% arrive for their 
first prenatal visit. 

Study population and enrollment procedures. Healthy 
pregnant women visiting the prenatal clinic service of the 
NPGH with an uncomplicated singleton pregnancy of at 
least 32 weeks' gestation and residing in the Kisumu area 
were invited to participate in the study. Women with known 
underlying chronic illness (e.g., diabetes mellitus or cardio
vascular disease), a complication of pregnancy, or an in
ability to provide informed consent were excluded from par
ticipation. After informed consent was obtained, a question
naire was completed to collect information on age. place of 
residence, education, socioeconomic status, and medical and 
obstetrical history. Information was obtained regarding re
cent hospital admissions, symptoms, and medications. Body 
weight and axillary temperature were measured. After the 
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TABLE 1 

Characteristics of the study population 

Gravidity' 

AII ci c: Gej 
Variable (n • 4.608) (n * 1.870) Iff * 1.1281 in = I.6I0> 

Maternal aee (years), mean ~ SD* 
Luo tribe (ft) 
Education ^ 8 years (%)$ 
Married (%)§ 
Socioeconomic status (low/middle) (%fl 
Reported t'ever in previous week (*&)$ 
Antimalarials in this pregnancy (%)$ 
Hematinics in this pregnancy (%) 
Hospitalized in this pregnancy 
Gravidity, median (range) 
Weight (kg), mean t SDt 
Temperature s 37.5°C (%)# 
Malaria parasitemia (*7c)§ 
Geometric mean parasite density per microliter of bloods§ 
HIV seropositive^* 
Hemoglobin (g/dL), mean ~ SD+T 
Hemoglobin < 1 1 g/dL (%)t 
Hemoglobin < 7 g/dL (%) 

22.1 i 4.9 
79.1 
63.7 
79 3 
79.1 
22.9 
19.5 
11.1 
3.1 

2(1-11) 
63.1 ± 8.1 

2.1 
20.7 

545 
25.2 

9.58 ± 1.8 
77.8 

6.8 

18.8 ï 2.5 
79.1 
70.2 
56 7 
74.1 
22.2 
16.3 
11.4 
3.0 
1 

62.6 » 7.7 
2.8 

27.3 
758 

22.0 
9.57 * 1.7 

78.6 
6.5 

21.2 ï 3.0 
78.9 
69.3 
90.2 
83.4 
20.3 
17.6 
110 
3 4 
2 

62.4 * 7.5 
2.0 

1 9 0 
492 

29.0 
9.46 ± 1.7 

80.6 
7.8 

26.6 - 4.6 
7 9 3 
52.2 
98 0 
82.4 
25.6 
24.7 
10.7 
3.2 

4 (3-9) 
64.1 = 8.8 

1.3 

14.2 
285 

25.4 
9.68 ï 1.8 

75.0 
6.5 

• Gl = pomigrandae: G2 =• iecundigrai t d a c G ^ 3 • gravidic J or more. 
* SD • standard deviation. 
% Bti*ccn Gl and 0 = 3 . f < 0.05. and between G2 and G a 3 . P < 0.05. 
4 Between all gravidity groups. P < 0.05. 
1 Bet*ccn Gl and G2'. P < 0.05. and bet*cen Gl and G ^ 3 . P < 0.5. 
« 8crt««n Gl and G s 3 . P - 0.003. 
• • Results of HIV tests available for 4.517 *omen. 
t t Between G2 and G a 3 . P » 0.001. 

patient received counseling about HIV, blood was obtained 
by fingerprick for HIV testing, a malaria thick smear, and 
Hb levels. An appointment was made for posttest counsel
ing. All women, regardless of their HIV testing results, were 
encouraged to deliver in the hospital. Although iron and folic 
acid tablets are standard components of prenatal services, 
during the study period, they were not routinely available. 
The study was completed before the introduction of pre
sumptive intermittent treatment with sulfadoxine-pyrimeth
amine as the national policy for control of malaria in preg
nancy.24 

Labora tory procedures . Peripheral blood smears were 
stained with Giemsa and examined under oil immersion for 
malaria parasites. A thick smear was considered negative if 
100 microscopic fields revealed no parasites. Malaria para
sites were counted against 300 leucocytes. Parasite densities 
were estimated by assuming a count of 8,000 white .blood 
cells per microliter of blood. Hemoglobin was measured 
with a HemoCue machine (HemoCue AB, Angelholm, Swe
den). HIV testing involved the use of 2 rapid test methods'. 
Serostrip HIV-1/2 (Saliva Diagnostic Systems Pte. Ltd., Sin
gapore) and Capillus HIV-l/HIV-2 (Cambridge Diagnostics, 
Wicklow. Ireland). 

Definitions. Any anemia was defined as Hb < 11 g/dL; 
severe anemia was defined as Hb < 7 g/dL.1 An uncompli
cated pregnancy was defined as a pregnancy without evi
dence of multiple gestation, hypertension, pre-eclampsia, 
polyhydramnios, an abnormal presentation of the fetus, a 
history of caesarian section, hemorrhage, or recurrent abor
tions (> 2). Socioeconomic status was based on materials 
used for house construction.a Documented fever was an ax
illary temperature of ^ 37.53C at the time of screening. Low 
maternal weight was defined as a maternal body weight of 
< 50 kg. Malaria was defined as the presence of asexual-

stage parasites in thick smears, independent of the presence 
or absence of clinical signs or symptoms and independent 
of species. HIV seropositiviry of adult women was defined 
as a reactive result on both rapid tests; women not reactive 
by the Serostrip HIV-1/2 test were considered HIV seroneg
ative. In case of an inconclusive result, a Western blot test 
was performed. The sequential rapid test algorithm was as
sessed previously by confirmation with Western blot; the 
sensitivity, specificity, positive predictive value, and nega
tive predictive value for the combined 2 rapid tests were 
99.87c, 98.9%, 99.8%, and 98.9%, respectively (Steketee 
RW and others, unpublished data). Rainy season included 
the months April, May, and June (long rains) and October 
and November (short rains). Grande multigravidae were 
women who were pregnant for the sixth time or more. 

Analysis and statistical methods . Differences in means 
were compared by Student's f-test and 1-way analysis of 
variance. The Mann-Whitney test was used for nonparamet-
ric comparison of 2 groups. Differences in proportions were 
analyzed using the chi-square test or Fisher's exact test when 
appropriate. Prirni- and secundigravidae women (G1/G2) 
had many characteristics that were significantly different 
from women who were pregnant for the third time or more 
(G^3) (Table 1). To assess risk factors for anemia, the anal
ysis was stratified by these gravidity groups (G1/G2, and 
G^3) . Poisson regression was used to examine the associ
ation between anemia and several maternal characteristics 
that were found to be significant in the univariate analysis, 
that we thought were biologically important, or both on the 
basis of published reports. Factors were removed if they 
were not statistically associated (P £ 0.05) with "any ane
mia" or "severe anemia" after adjustment for other factors. 
Possible interactions between significant variables were as
sessed. The statistical programs SPSS (SPSS for Windows 
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TABLE 2 
Mean hemoglobin and prevalence of any anemia (hemoglobin < 11 

g/dL) and severe anemia (hemoglobin < 7 g/dL) stratified by gra
vidity, in late pregnancy. Kisumu, western Kenya. June 1996— 
December 1998" 

Gravidk) 

i 
2 
3 
4 
5 

> 5 
Total 

« 
1.870 
1.128 

653 
429 
261 
267 

4.608 

Mean r SD 

9.57 Ï 1.74 
9.46 - 1.72 
9.61 - 1.83 
9.70 ï 1.81 
9.73 - 1.85 
9.77 i 1.75 
9.58 i 1.77 

An\ anemia 
( « 1 

78.6 
80.6 
75.5 
74.6 
75.5 
74.2 
77.8 

Severe 
anemia ( * 

6.5 
7.8 
6.9 
6.5 
65 
5.6 
6.8 

* Any anemia » hemoglobin < 11 g/dL: severe anemia • hemoglobin < 7 g/dL: SD =• 
standard deviation. 

version 7.5, SPSS Inc.. Chicago, IL) and SAS (SAS system 
for Windows version 6.12, SAS, Cary. NC) were used for 
analyses. For all statistical tests. P < 0.05 was considered 
significant. 

Ethical clearance. The study protocol was reviewed and 
received ethical clearance by the institutional review boards 
of the Kenya Medical Research Institute. Nairobi, the Cen
ters for Disease Control and Prevention, Atlanta. Georgia, 
and the Academic Medical Center of the University of Am
sterdam, The Netherlands. 

RESULTS 

Characteristics of the study population. From June 
1996 through December 1998. a total of 5.532 women at
tending the prenatal clinic were eligible for the study, of 
whom 4,724 (85%) agreed to participate. Twenty-six women 
(0.6%) participated twice in the study because a second 
pregnancy occurred within the study period, but only the first 
pregnancy was included in this analysis. The Hb level was 
not available for 90 women (1.9%). and these women were 
excluded from analysis. Of the 4.608 women included in the 
final analysis. 1.870 women (40.6%) were 0 1 , 1.128 
(24.5%) were G2. and 1.610 (34.97c) were G ^ 3 . Sixty per
cent of the women came from the urban Kisumu area, and 
40% came from semiurban and rural areas surrounding Kis
umu town. 

Characteristics of the study population are given in Table 
1. Most participants belonged to the Luo tribe. Mean ges
tational age at screening was 34.8 weeks (standard deviation. 
2.3 weeks), with no difference among gravidities. Multi-
gravidae women had visited the prenatal clinic service fewer 
times before enrollment (median. 2 times; range. 1-11 times) 
than had Gl and G2 (median. 3 times; range. 1-11 times; 
Mann Whitney test. P < 0.001). The G2 women had the 
lowest mean Hb (9.46 g/dL) and the highest prevalence of 
severe anemia (7.8%) (Table 2). Grande multigravidae wom
en had the highest mean Hb (9.77 g/dL) and lowest preva
lence of severe anemia (5.6%). but the differences in mean 
and prevalence of severe anemia were not significant be
tween the different gravidity groups. 

The prevalence of maternal malaria at enrollment was 
27.3% in G 1 and significantly higher than in G2 women (risk 
ratio [RR]. 1.44; 9 5 % confidence interval [CI], 1.25-1.66). 
The prevalence of malaria among G2 was also significantly 

higher than among multigravid women (RR, 1.34; 9 5 % CI 
1.13-1.59). In 98.9% of the infections. Plasmodium falci
parum was present. HIV-seropositive women were more 
likely to have malaria parasites than HIV-seronegative wom
en (RR. 1.71; 95% CI. 1.53-1.92) and to have significantly 
higher geometric mean parasite densities (907 and 408 par
asites per microliter of blood, respectively; r-test. P < 
0.001). In G l with any anemia, the geometric mean parasite 
densities was significantly higher compared with Gl with no 
anemia (/-test: P = 0.008), for severe anemia, no significant 
difference was detected. Women of higher gravidities with 
anemia did not have significant differences in geometric 
mean parasite densities compared with diose without anemia 
(data not shown). 

Overall, 2 .1% of the women had documented fever. The 
HIV-seropositive women were more likely to have docu
mented fever than were HIV-seronegative women (RR. 2.24; 
9 5 % CI, 1.50-3.36). Documented fever was associated with 
parasitemia among all women of all gravidities (RR. 2.08; 
9 5 % CI, 1.64-2.65). 

A large proportion of women (44.4%) reported use of 
medication for fever or malaria in this pregnancy: 1,108 
women (54.1%) had used an antipyretic. 899 women 
(43.9%) had used an antimalarial, and 40 women (2.0%) 
used an unknown drug. Of the 899 women who reported the 
use of an antimalarial. 68.5% reported use of chloroquine. 
27.5% reported use of sulfadoxine-pyrimethamine. and 4% 
reported use of quinine. The HIV-seropositive women were 
more likely to have a history of fever (RR. 1.16; 95% CI. 
1.03-1.30), to report the use of antimalarials (RR, 1.18; 95% 
CI, 1.04-1.35). and to have been hospitalized than were 
HIV-seronegative women (RR, 1.63; 95% CI, 1.17-2.28). 

Only 509 pregnant women (11%) had a history of he-
matinic use before enrollment into the study; of these. 216 
(42.4%) had used both folic acid and iron tablets, 43 women 
(8.4%) had used folic acid alone, and 250 women (49.1%) 
had used iron tablets alone. Women with a history of intake 
of hematinics were more likely to have a history of fever 
(RR, 1.36; 9 5 % CI, 1.18-1.57). to have taken antimalarials 
(RR, 1.88; 95% CI. 1.64-2.16). or to have been admitted in 
a hospital during this pregnancy (RR, 2.49; 95% CI. 1.71-
3.61). but they were not more likely to be HIV infected. 

Risk factors for anemia. Characteristics associated wiüi 
any anemia and severe anemia by univariate analysis are 
shown in Table 3. The factors associated with any anemia 
in GI /G2 were, in order of the strength of the association: 
malaria, tribe, HIV seropositivity, documented fever, enroll
ment during rainy season, and a history of fever; for severe 
anemia, significant factors included documented fever. HIV 
seropositivity. tribe, and malaria. The factors associated with 
any anemia in G ^ 3 included: HIV seropositivity, tribe, an 
unfinished primary-school education, and malaria. However, 
HIV seropositivity was the only significant factor for severe 
anemia for G s 3 . No significant association was found be
tween severe anemia and marital status, socioeconomic sta
tus, fever in the week before the prenatal clinic visit, season 
of the year, the use of antimalarials or hematinics in this 
pregnancy, and low maternal weight. 

Among HIV-seronegative G1/G2, reported use of anti
malarial treatment in this pregnancy was associated with a 
significant reduction in parasitemia (RR. 0.69; 9 5 % CI. 
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TABLE 3 

Factors associated with anemia in late pregnancy, Kisumu, western Kenya, June 1996-November 1998* 

Varuble 

Tribe 

Other 
Education 

0-7 years 
s 8 years 

Marital status 
Single 
Married 

SES 
Low/middle 
High 

History of fever 
Yes 
No 

Antimalarial 
Yes 
No 

Ferro/folic supplementation 
Yes 
No 

Season 
Rainy 
Dry 

Axillary temperature 
2 37.5'C 
< 37.5T 

Weight 
< 50 kg 
2 50 kg 

Malaria 
Present 
Absent 

HIV serostatus 
Positive 
Negative 

G i r o : i t i 

8! 6 
70 6 

79.1 
79.J 

78 3 
79.8 

795 
78.7 

813 
78.5 

76.1 
80.0 

79.5 
79.3 

81.7 
77.5 

86.8 
79 1 

78.9 
79.3 

88.4 
76.4 

86.4 
77.0 

* CI • confidence interval: GI /G2 • pnmi- and secundi 
(determined on rhe basis of materials for house construction 

Any 

RR 9 5 * CI 

1.16 
1.10-1.22 

0.99 
0.96-1.04 

0.98 
0.94-1.02 

1.01 
0.97-1.06 

1.05 
1.01-1.09 

0.95 
0.90-1.00 

1.00 
0.95-1.06 

1.05 
1.02-1.09 

1.10 
1.00-1.20 

0.99 
0.88-1.12 

1.16 
1.12-1.20 

1.12 
1.08-1.16 

gravidic: Ga.1 = 
. Any anemia -

w m . a 

G 2 3 I%1 

76.5 
69 5 

77.5 
72.8 

78 8 
75 0 

75 9 
70.8 

77.2 
74.2 

75.3 
74 9 

72.1 
75 4 

76.9 
73.3 

85.7 
74.9 

83.9 
74 8 

79.7 
74.4 

86.0 
71.6 

gravidae 3 o 
lemogtobin < 

RR 95% CI 

1.10 
1.02-1.19 

1.07 
1.01-1.13 

1.05 
0.88-1.26 

1.07 
0.99-1.16 

1.04 
0.98-1.11 

1.01 
0.94-1.07 

0.96 
0.87-1.06 

1.05 
0.99-1.11 

1.14 
0.96-1.37 

1.12 
0.96-1.31 

1.07 
1.00-1.15 

1.20 
1.14-1.27 

more: HIV - human 
I [ g/dL: severe ancmi 

GUOZ I * I 

7 5 
5.1 

82 
6.4 

6.0 
74 

74 
55 

7.1 
6.9 

7.8 
68 

6.5 
7.0 

6.6 
7.2 

15.8 
6.8 

7.0 
7.0 

8.7 
6.4 

95 
6.1 

Severe 

RR 95% CI 

1.47 
1.02-2.12 

1.27 
0.97-1.67 

0.81 
0.60-1.09 

1.34 
0.95-1.90 

1.03 
0.75-1.41 

1.14 
0.82-1.59 

0.93 
0.61-1.42 

0.91 
0.70-1.19 

2-34 
1J7-3.99 

1.01 
0.43-2.38 

1.36 
1.02-1.80 

1-55 
1.17-2.04 

m e m , , 

G ï 3 i%) 

7.1 
4.5 

7.4 
5.7 

9 1 
6.5 

63 
7 4 

63 
65 

7.6 
6.2 

8.1 
63 

7.6 
55 

14.3 
6.4 

6.5 
6.5 

5.3 
6.7 

98 
5.5 

immunodeficiency vims. RR - risk ratio: SES * 
= hemoglobin < 7 g/dL. Significant risk ratio* ate 

RR 95% CI 

1.57 
0.92-2.68 

1.30 
0.90-1.89 

1.41 
0.47-4.20 

0.86 
0.54-1.36 

0.97 
0.63-1.49 

1.22 
0.81-1.84 

1.29 
0.75-2.36 

1.38 
0.95-2.01 

2 22 
0.77-6.43 

0.99 
0.26-3.82 

0.79 
0.44-1.42 

1.76 
1.21-2.58 

printed in bold. 

0.54-0.90) and in the prevalence of any anemia (RR, 0.93; 
95% CI, 0.87-0.99) but not of severe anemia (RR, 1.19; 95% 
CI, 0.78-1.81). For HIV-seropositive G1/G2 and for all 
G^3, the reported use of an antimalarial was not associated 
with a significant reduction in parasitemia, any anemia, or 
severe anemia. Although the prevalence of anemia and of 
parasitemia were generally higher in women who reported 
to have taken chloroquine compared with women who re
ported the use of sulfadoxine-pyrimethamine, these differ
ences were not significant (data not shown). 

In the multivariate analysis, the factors malaria, tribe, and 
HIV seropositivity remained significantly associated with 
any anemia for G1/G2 (Table 4); for severe anemia, HIV 
seropositivity and documented fever remained. For G^3 
women, HIV seropositivity was the only factor significantly 
associated with any anemia and severe anemia. There was 
no significant interaction between malaria parasitemia and 
HIV seropositivity in the final model for any anemia in Gl/ 
G2, indicating that the effect of HIV seropositivity on ane
mia is independent of P. falciparum parasitemia. 

The prevalence of severe anemia was significantly higher 
among HIV-seropositive women for all gravidities (Figure 

1), and the relative risk increased with increasing gravidity 
(Gl: RR. 1.48, 95% CI. 1.01-2.16; G2: RR. 1.57. 95% CI. 
1.05-2.36; and G>3; RR, 1.76 95% CI, 1.21-2.58). 

DISCUSSION 

This study demonstrates that malaria and HIV seroposi
tivity are important, independent risk factors for anemia in 
pregnancy in Kisumu, Kenya. Anemia is a public health 
problem here, as it likely is in other places in sub-Saharan 
Africa where HTV infection and malaria axe both common. 
The prevalence of any anemia in this population of other
wise healthy women was high (77.8%) and similar to that 
reported from the other studies among pregnant women in 
coastal Kenya, Zaire, and Tanzania.2-4 However, in this study 
setting, anemia in pregnancy was significantly higher than 
previously reported from western Kenya (44.4%) in 1981. 
as well as from Mozambique (58%) in 1986 and Benin 
(55%) in 1987.:6_:! These lower rates were reported before 
the spread and intensification of chloroquine-resistant P. fal
ciparum and during a time when HIV infection among preg
nant women emerged as a major public health problem. A 
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TABLE 4 

Association between anemia in late pregnancy and characteristics of the pregnant women by gravidity, multivariate analysis, Kisumu, Kenya. 

Variable 

Luo tribe 

Temperature s 37.5°C 

Malaria 

HIV seropositive 

An? a 

GI/G: 
«T - 3.9331 

1.13* 
1.01-1.25 

1.05 
0.82-1.34 

1.13+ 
1.03-1.24 

1.09* 
1.00-1.20 

Adjusted RR 

nemia 

G 2 3 
In - 1.5751 

1.08 
0.94-1.25 

1.09 
0.67-1.80 

1.02 
0.87-1.20 

1.19+ 
1.04-1.35 

95<v C! 

Severe 

GI/G: 
(A - 2.9331 

1.39 
0.94-2.04 

2.23+ 
1.24-4.00 

1.16 
0.85-1.58 

1.52+ 
1.14-2.03 

anem,, 

G 2 3 
In - 1.575) 

1.57 
0.89-2.76 

2.07 
0.65-6.62 

0.68 
0.37-1.24 

1.77+ 
1.18-2.65 

* CI - confidence interval; OUG2 • primj- and securnjigravidae. C ï . ' = gravidae 3 or more: HIV = human ii 
g/dL. severe anemia • hemoglobin s 7 g/dL 

f/> < 0.05. 

• hemoglobin < 11 

lower rate of anemia in pregnancy has also been recently 
reported from Malawi (60.0%). where malaria transmission 
is lower than in western Kenya and where sulfadoxine-py-
rimethamine has replaced chloroquine for prevention of ma
laria in pregnancy.w 

The prevalence of severe anemia (Hb < 7 g/dL) in this 
study was 6.8%. This was higher than that previously re
ported in 1991 from Zaire (3.7%) but slightly lower than 
recent repons from coastal Kenya (9.8%), Tanzania (9.3%), 
and Malawi (8.3%).3-'-30 In all of these previous studies, Gl 
had the highest risk for severe anemia.2~*-29 In the current 
study, women in their second pregnancy were most at risk 
for severe anemia (7.8%), but differences with the rates in 
Gl (6.5%) and multigravidae women (6.5%) were not sig
nificant Pregnant women with clinical symptoms of severe 
anemia would have been excluded from participation in this 
Kisumu study because only women who were believed to 
be healthy and who had an uncomplicated pregnancy of at 
least 32 weeks' gestation were eligible for enrollment. Thus, 
the prevalence of severe anemia reported in this study is 
likely to be an underestimate of the rate in the overall pre
natal clinic population. 

Our finding that malaria is an important risk factor for 
anemia among Gl and G2 in Kisumu but not among G s 3 

Gravida 1 * Gravida 2' Gravida 3 or more' 

• HT/ seronwjatrve women • HIV seropositive women 

FiCi'RE 1. The prevalence of severe anemia (hemoglobin < 7 g/ 
dL) in late pregnancy, stratified by gravidity and human immuno
deficiency virus (HIV) serostatus. in Kisumu. Kenya. June 1996-
December 1998. * P < 0.05. 

is consistent with other reports from sub-Saharan Africa.2-1 

In malaria-endemic areas where adults have acquired a high 
level of immunity to clinical malaria, women experiencing 
their first pregnancy, and to a lesser extent their second preg
nancy, have an impaired ability to clear malaria parasites 
from peripheral blood compared with nonpregnant women 
of the same age.31 With increasing gravidity, the prevalence 
and density of malaria parasitemia decreases.lzJi Although 
in our study malaria parasitemia was not associated with 
severe anemia late in first and second pregnancies, a recent 
study from coastal Kenya has reported that among Gl, treat
ment and prevention of malaria in pregnancy reduces severe 
anemia in the third trimester.34 

In Kisumu, HIV-seropositive pregnant women were more 
likely to have positive malaria smears than HIV-seronegative 
pregnant women. The susceptibility of HIV-seropositive 
pregnant women to asymptomatic malaria parasitemia has 
previously been reported from studies in Kenya and Mala-
w j i7.it.2j Utilise the studies in Malawi, where a significant 
difference in the prevalence of malaria parasitemia was seen 
in multigravidae women only, in this study, HIV-seropositive 
women of all gravidities were at increased risk of parasit
emia. The higher transmission rates of malaria in Kisumu 
compared with Malawi may contribute to the observed dif
ference in prevalence of malaria parasitemia in HIV-sero
positive pregnant women by gravidity. These differences are 
not likely to be due to a higher level of HIV-related immu
nosuppression among pregnant women in ICisumu because 
only asymptomatic women were eligible to participate, and 
those with symptomatic HIV-related immunosuppression 
would have likely been excluded. This is confirmed by the 
finding that in this same study population in Kisumu, 70% 
of asymptomatic HIV-seropositive pregnant women had a 
CD4 count of 2 500 celts/jiL 1 month postpartum; thus, the 
increased risk of malaria in HIV-seropositive pregnant wom
en occurs even in the absence of AIDS or severe immuno
suppression (Nahlen B, unpublished data). 

In first and second pregnancies, HIV seropositivity was 
an important risk factor for any anemia and severe anemia. 
Although HIV seropositivity was associated with a higher 
prevalence of malaria parasitemia in these women, multi
variate regression analysis failed to show a significant inter
action between malaria parasitemia and HIV seropositivity 

http://i7.it.2j
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for Gl and G2. This indicates chat HIV seropositivity is an 
important risk factor for maternal anemia independent of 
malaria and confirms 2 earlier reports from Zaire and Ma
lawi. i ; N For women with ^ 3 pregnancies. HIV seropositiv
ity was the only risk factor for any anemia and severe ane
mia that could be identified in this study. Results of the 
multivariate regression analysis also suggest that the relative 
impact of HIV on maternal anemia was greater among mul-
tigravid women than among women in their first or second 
pregnancy. 

In this study, no information was available on other fac
tors that may contribute to anemia during pregnancy, such 
as red blood cell disorders and hookworm infection. Because 
we did not measure iron, folic acid, or vitamin A levels in 
the Kisumu prenatal clinic population, the contribution of 
nutritional deficiencies to anemia in late pregnancy cannot 
be assessed. Iron deficiency is known to be a common cause 
of anemia in pregnancy and is the most common nutritional 
deficiency among women in developing countries.1-5 Iron 
supplementation has proven efficacious in reducing anemia 
in pregnancy, but lack of availability has been a problem. i ï _ 

iJ Where vitamin A deficiency is common, vitamin A sup
plementation has also been shown to enhance the effect of 
iron supplementation on reduction of anemia in pregnant 
women. '8 Iron and folic acid tablets are recommended and 
provided as part of prenatal care services in Kenya. How
ever, in Kisumu. the actual number of women receiving and 
taking either of these supplements was low (I \%), and less 
than half of these women had used both iron and folic acid 
tablets. Thus, in this large prenatal clinic, only 1 of every 
20 pregnant women was receiving the recommended doses 
of iron and folate. The prevalence of anemia among women 
who reported taking iron and folate supplements was not less 
than among women who did not. but no information was 
available on the dose, length of treatment, and compliance 
with the supplement regimen. Women with a history of fever 
or a hospital admission were more likely to have taken iron 
or folate; thus, a beneficial effect of iron and folate on Hb 
levels would have been obscured if pregnant women mainly 
took these drugs when they were ill and may have been more 
likely to be anemic. 

Prevention of anemia may be particularly important for 
HIV-seropositive pregnant women, in whom the value of 
blood transfusions may be more limited.'J9 Associations be
tween blood transfusions, activation of latent viral infections, 
and a lack of survival benefit have been reported in people 
infected with HIV.9 '" Although studies have reported an as
sociation between maternal anemia and vertical transmission 
of HIV, it is possible that anemia is a marker for more ad
vanced HIV-related immunosuppression and subsequent in
creased risk of mother-to-infant HIV transmission.4°-4 : 

Whether programs to deliver hematinics and antimalarials in 
an effort to prevent anemia during pregnancy will be as ef
fective for HIV-seropositive women as for HIV-seronegative 
women is unknown. The need for more frequent doses of 
sulfadoxine-pyrimethamine to prevent malaria in HIV-sero
positive pregnant women, the concern that iron supplemen
tation may be less useful in the presence of HIV infection, 
and the reported beneficial effects of multivitamin supple
mentation among HIV-seropositive pregnant women on T-

cell counts points to the need for further evaluation of pre
vention strategies in areas of high HIV prevalence.23'*3""*7 

This study confirms the importance of anemia in late preg
nancy as a common problem in sub-Saharan Africa. In this 
study, anemia was associated with malaria parasitemia in 
first and second pregnancies. For all pregnant women, 
asymptomatic HIV infection was an important additional 
risk factor to be considered in the differential diagnosis of 
anemia. There is a need for further assessment of the effec
tiveness of malaria prevention on reduction of anemia in 
pregnancy and subsequent improvement in maternal and in
fant health. Prevention of HIV infection should be given 
high priority as well; our results indicate that a reduction in 
HIV prevalence would be expected to have an impact on 
reducing anemia among all pregnant women as well as other 
obvious benefits. Increased knowledge of the impact of the 
routine interventions and assessment if additional interven
tions, such as provision of multivitamins and treatment for 
other parasitic infections, should be provided to pregnant 
women in areas of high HIV prevalence, are also needed.47 

The low coverage of iron and folate in this prenatal clinic 
population demonstrates the importance of developing strat
egies to improve delivery and compliance of routine inter
ventions that have already been shown to reduce anemia in 
pregnancy. 
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Objective: To determine the effect of dual infection with HIV and malaria on birth 

outcome and maternal anaemia among women delivering at a large public hospital in 

Kisumu, western Kenya. 

Subjects and methods: Data on obstetrical and neonatal characteristics, maternal and 

placental parasitaemia, and postpartum haemoglobin (Hb) were collected among all women 

enrolled in a cohort study of the interaction between malaria and HIV during pregnancy. 

Results: Between 1996-1999 data were available from 2466 singleton deliveries. The 

maternal HIV seroprevalence was 24.3%, and at delivery 22.0% of the women had evidence 

of malaria. Low birthweight (LBW), preterm delivery (PTD), intrauterine growth retardation 

(IUGR) and maternal anaemia (Hb<8 g/dl) occurred in 4.6%, 6.7%, 9.8% and 13.8% of 

deliveries respectively. Maternal HTV, in the absence of malaria, was associated with a 99 g 

(95% CI 52-145) reduction in mean birthweight among all gravidae. Malaria was associated 

with both IUGR and PTD, resulting in a reduction in mean (95% CI) birthweight of 145g 

(82-209) among HIV-seronegative and 206g (115-298) among HIV-seropositive 

primigravidae, but not among multigravidae. Both HTV and malaria were significant risk 

factors for postpartum maternal anaemia, and HIV-seropositive women with malaria were 

twice as likely to have Hb < 8g/dl than HIV-seronegative women with or without malaria. 

Conclusion: Women with dual infection are at a particular risk of adverse birth outcome. In 

areas with moderate or high prevalence of HIV and malaria, all pregnant women should be 

the focus for malaria and anaemia control efforts to improve birth outcomes. 

Keywords: Low birth weight, preterm delivery, intrauterine growth retardation, HIV, malaria, 

Kenya. 



4 

Introduction 

Malaria during pregnancy is a major problem in sub-Saharan Africa, affecting an 

estimated 24 million pregnant women each year [1,2]. In malaria endemic areas Plasmodium 

falciparum parasitaemia during pregnancy is associated with anaemia in pregnant women, 

and low birthweight (LBW) resulting from premature delivery and intrauterine growth 

retardation [3-5], and LBW is an important risk factors for early infant mortality and 

morbidity [6]. 

During the past two decades, HIV/AIDS has emerged as a major problem in many 

malaria-endemic areas of sub-Saharan Africa where an estimated 28 million people are 

infected with HIV [7]. Africa south of the Sahara accounts for over two-thirds of the world's 

40 million HIV-infected persons, and 80% of the world's HIV-infected women [7], with HIV 

prevalence as high as 25-45% among pregnant women [7-14]. Given the wide geographical 

overlap between HIV and malaria, the epidemic of HIV/AIDS in areas where P. falciparum is 

endemic has generated serious concern about potential interactions between the two 

infections [9,11,13,14,15]. Studies among pregnant women in sub-Saharan Africa have 

shown that HIV-infected women, particularly multigravidae are more likely to be infected 

with P. falciparum, and to have higher parasite densities than HIV uninfected women 

[9,11,13]. Thus, HIV infection seems to alter the well established parity-specific pattern of 

malaria susceptibility in areas of stable malaria transmission, where in the absence of HTV, 

primigravidae and, to a lesser extent, secundigravidae are more affected than are other 

parities [1,3]. 

Although it is now well established that HIV-infected pregnant women are more 

susceptible to malaria, little is known of the adverse consequences of dual infection with 

maternal HIV and malaria on pregnancy outcome. We report here the effects of dual 

infections on infant outcomes, including their effect on the two major etiological pathways of 
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LBW: shortened gestation [preterm delivery (PTD)] and intrauterine growth retardation 

(IUGR) [i.e., small for gestational age (SGA)] [17]. Because maternal malaria and HIV 

infections are also associated with an increase in severity of anaemia, a known risk factor for 

maternal death and poor infant outcomes [18-21], we also report on the effect of dual 

infections on maternal anaemia at delivery. 

Subjects and methods 

Study site 

This study was conducted at the Nyanza Provincial General Hospital (NPGH) in 

Kisumu, a city with a population of approximately 300 000 people, located on the shores of 

Lake Victoria. Malaria transmission is perennial and P. falciparum accounts for 98% of the 

malaria cases, the remaining 2.0% being caused by P. malariae and P. ovale. Chloroquine 

resistance is widespread with 75-80% of P. falciparum strains showing RH/RHI resistance 

[22]. NPGH is a 400-bed government referral hospital providing health care mostly to the 

local low-income population. On average, about 100 pregnant women present each day to 

the antenatal care (ANC) clinic, 30 of whom do so for their first visit. As part of the ANC 

package for this hospital, women are tested for syphilis using the rapid plasma reagin (RPR) 

card test, (Becton Dickinson microbiological systems, Cockeyville, USA), and those 

seroreactive for syphilis are treated with 2.4mU intramascular benzathine penicillin [23]. The 

study was completed before the introduction of intermittent protective treatment with 

sulfadoxine-pyrimethamine as the national policy for control of malaria in pregnancy [11]. 

Enrollment Procedures 

Enrollemnt procedures have been described elsewhere [24]. Briefly, healthy pregnant 

women with no known underlying disease visiting the prenatal clinic service of the NPGH 
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with an uncomplicated singleton pregnancy of at least 32 weeks gestation and residing in 

Kisumu area were invited to participate. After informed consent was obtained, a 

questionnaire was completed to collect information on socioeconomic status, medical, and 

obstetrical history, and body weight was measured. After the client received counseling about 

HIV, blood was obtained by finger prick for HIV testing, a malaria thick smear and 

haemoglobin levels. Post-test counseling, supportive counseling and haematinics were 

offered to all participating women, and women with symptomatic malaria were treated. All 

screened women were encouraged to deliver in NPGH. At delivery, blood was again obtained 

from the mother for a malaria smear and haemoglobin, and a placental blood smear was 

obtained. Within 24 hours of birth, infants were weighed on an electronic balance (Ohaus 

Florham Park, NJ, USA), and their gestational age was assessed by trained study assistants 

using the modified Dubowitz method [25]. 

Ethical review 

The study protocol was approved by the institutional review boards of the Kenya 

Medical Research Institute (KEMRI), the Centers for Disease Control and Prevention 

(CDC), Atlanta, Georgia (USA) and the Academic Medical Center (AMC), University of 

Amsterdam, Amsterdam, The Netherlands. 

Laboratory Procedures 

Peripheral and placental blood smears were stained with Giemsa and examined 

for malaria parasites. A thick smear was considered negative if 100 microscopic fields 

revealed no parasites. Haemoglobin was measured using Hemocue (Mission Viejo, CA, 

USA.). HTV testing involved two rapid tests: an initial Serostrip HIV-1/2 (Saliva 

Diagnostic Systems Pte. Ltd , Singapore ) and a confirmatory Capillus HIV-l/HiV-2 
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(Cambridge Diagnostics, Wicklow, Ireland Ltd) on samples that tested positive. Western 

blot was performed on discordant samples. 

Definitions 

An uncomplicated pregnancy was defined as a pregnancy without the presence of 

hypertension, pre-eclampsia, polyhydramnios, an abnormal presentation of the foetus, a 

history of a previous caesarean section, haemorrhage, or repeated spontaneous abortions (>2). 

Because we were interested in the overall effect of malaria in pregnancy, malaria infection at 

delivery was defined as any evidence of current malarial infection (post-delivery maternal 

peripheral parasitaemia or placental parasitaemia, either in the presence of asexual stages or 

malaria pigment), detected on a thick blood smear. Haemoglobin (Hb) < 1 lg/dl of blood and 

<8g/dl were considered anaemia and moderate to severe anaemia, respectively [26,27]. HIV-

seropositivity was defined as a positive result on both rapid tests; women not reactive with 

the initial Serostrip HIV-1/2 test were considered HIV-seronegative. Women who were HIV-

seronegative and had no malaria at delivery were considered to be uninfected. Women who 

were HIV-seronegative but had malaria at delivery were considered to be infected with 

malaria-alone. Women who were HTV-seropositive but had no malaria at delivery were 

considered to be infected with HIV-alqne. Women were considered to have dual infection if 

they were HIV-seropositive and had malaria at delivery. Newborns were classified as low 

birthweight (LBW) if they weighed <2500g [28]. Preterm delivery (PTD) was defined as any 

delivery that occurred before 37 completed weeks of gestation. Small for gestational age 

(SGA) was defined as a sex-specific birthweight at or below the 10th percentile for weight-

for-gestational age of an international reference population [29]. For the purpose of this 

analysis normal weight-for-gestational age were children with a birthweights >10th percentile 



of the weight-for-gestational age reference population. Rainy season included the months of 

April, May and June (long rains) and October and November (short rains). 

Data analysis and statistical methods 

Differences in means were compared using the Student t test, and differences in 

proportions were analyzed using the chi-square test. Risk ratios (RR) were computed with 

95% confidence intervals (CI) to measure the strength of the associations. The relationship 

between malaria at delivery, maternal HIV infection and demographic and obstetric factors 

on adverse birth outcome (defined as a LBW, PTD or SGA infant, or moderate to severe 

maternal anaemia at delivery) were investigated by bivariate analysis, stratified by gravidity 

(primigravidae versus multigravidae). Adjusted risk ratios were computed using Poisson log-

linear model of grouped data, with each person in the group assumed to have the same time at 

risk [30-33]; models were adjusted for maternal weight (< 25 percentile versus >25 

percentile, kg), maternal age (< 20 versus >20 years), years of education (< 8 versus >8 

years), ethnicity (Luo versus non Luo), season of delivery (rainy versus dry), hospitalization 

in current pregnancy, and gender of the child. The models for postpartum anaemia were also 

adjusted for type of delivery (caesarean section or assisted delivery versus normal delivery) 

and use of haematinics. The covariates were included in the models if they were significantly 

associated with any of the four outcomes measures in the bivariate analyses, or if they were 

known to be associated with these outcomes based on prior studies. Multiple linear model 

[34] was used to assess the effect of HIV, malaria, and dual infection on birth weight, 

gestational age and maternal haemoglobin. We assessed interaction between malaria and HIV 

in separate models, but no statistically significant interaction was evident. We then repeated 

the analyses using the infection categories: no infection, HlV-alone, malaria alone or dual 

infection. Analysis was done using EPI INFO 6.01 (Centers for Disease Control and 
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Prevention, Atlanta, GA, USA) and SAS (Version 6.12, SAS Institute, Cary, North 

Carolina, USA). 

Results 

Study population 

Between June 1996 and March 1999, 5,168 women were screened of whom 75 

(1.5%) did not have complete laboratory results. Of the remaining 5093 women, and 

consistent with patterns of home versus health facility delivery, 2539 (49.9%) delivered 

at the study hospital (Figure 1). Women with twins (36), and women without malaria 

result (37) were excluded from analysis (Figure 1). 

Compared to women who were included in the analysis, those who were excluded 

(i.e., home delivery or incomplete laboratory data) were more likely to be older, to have 

< 8 years of education, to be married, to be multigravidae, to be of Luo ethnicity, to 

reside in the peri-urban rather than urban area of Kisumu, and to have moderate-to-severe 

anaemia in the third trimester. Prevalence of HIV, syphilis and malaria in the third 

trimester was similar between the two groups (data not shown). 

Of the 2466 women included in the analysis, 1169 (47.4%) were primigravidae. 

Compared to multigravidae, primigravidae women were more likely to be younger [mean 

age, standard deviation (SD) 18.8 (2.5) versus 24.3 (4.7) years; PO.OOl]. Among the 

2466 women, 599 (24.3%) were HIV-seropositive and 543 (22.0%) had evidence of 

malaria infection at delivery. Malaria infection at delivery occurred in 179 of 599 HIV-

seropositive women (29.9%) compared to 364 of 1867 HIV-seronegative women (19.5%) 

[risk ratio (RR), 1.5; 95% Confidence Interval (CI), 1.3-1.8; P < 0.001], and was more 

common among primigravidae in whom 323 out of 1169 (27.6%) had malaria at delivery 

compared to 220 out of 1297 (17.0%) among multigravidae (RR, 1.6; 95% CI, 1.4-1.9; P 
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< 0.001). Comparing women who had and who did have malaria at delivery, women who 

had malaria at delivery were more likely to have had malaria in the third trimester 45.1% 

(245 out of 543) versus 11.8% (227 out of 1923), (RR, 3.8; 95% CI, 3.3-4.5, P< 0.001). 

Of the 34 stillbirths, 17(1.1%) were recorded among 1503 women without HIV 

and malaria infection, 4 (1.0%) among 420 women infected with HIV-alone, 9 (2.5%) 

among 364 women with malaria-alone, and 4 (2.2%) among 179 women with dual 

infection. Compared to women without malaria, stillbirths were more common in 

women with malaria infection at delivery, irrespective of HIV status [ 1.1 % (21 of 1923) 

versus 2.4% (13 of 543); P = 0.02]; stillbirth rates were similar in women with and 

without HIV infection regardless of malaria infection status [1.3% (8 of 599) versus 1.4% 

(26 of 1867); P = 1.00]. Because of the small numbers, all stillborn infants were 

removed from the further analysis, leaving 2432 live singleton infants with maternal HTV 

and malarial infection status available for analysis (Figure 1). Cigarette smoking, a well-

known risk factor for low birthweight, was not common in this population (reported by 

less than 1% of the women) and was not included in the analysis. Characteristics of the 

women studied stratified by outcome at delivery are shown in Table 1. Third trimester 

anaemia, HIV infection, malaria at delivery and dual infection had the strongest 

association with an adverse birth outcome. 

Birth weight: 

Birthweight was recorded for 2431 infants (99.9%). The overall mean (SD) 

birthweight was 3235 g (450), and 113 of 2431 babies (4.6%) had LBW. An increase in 

LBW prevalence was seen among firstborns of mothers with HIV-alone, malaria-alone, 

or dual infection compared to those with neither infection (P = 0.09, 0.006 and O.001, 

respectively) (Table 2). However, no difference was seen in prevalence of low 
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birthweight and maternal infection status among multigravidae (P = 0.3, P = 0.4, and P = 

1.0, respectively). Women who had parasitaemia in the third trimester and also had 

malaria at delivery were at a higher risk of delivering a LBW baby compared to 

aparasitaemic women in the third trimester who had malaria at delivery [10 .5 % (25 out 

of 239) versus 5.5% (16 out of 291), RR, 1.9; 95% C, 1.0-3.5; P = 0.04]. In a Poisson 

model among the primigravidae, malaria-alone and dual infection were associated with a 

2-fold and a 3-fold increased risk of LBW (P = 0.008 and P < 0.001) respectively, with 

no significant effect seen in women with similar status among the multigravidae (P=0.7 

for both groups; Table 3). 

In a linear model, maternal HIV infection was associated with a 99 g (95% CI, 

52-145) reduction in mean birthweight among all gravidae (P < 0.001). Among 

primigravidae, the mean (SD) birthweight of infants of uninfected women was 3186 g 

(416) (Figure 2). After adjusting for other covariates in the linear model, this mean (95% 

CI) birthweight was 40g (-32 to 112; P = 0.3) lower in primigravidae women with HIV-

alone, 145 g (82-209; P = 0.001) lower in primigravidae women with malaria-alone, and 

206 g (115-298; P = 0.001) lower in primigravidae with dual infection. The mean (SD) 

birthweight of infants of uninfected multigravidae women was 3373g (447). Maternal 

HlV-alone and dual infection lowered this mean birthweight by 138g (78-199) and 161g 

(63-259), respectively (P < 0.001 for each), but malaria infection alone had no effect (8g, 

95% CI-71 to 88; P = 0.80). 

Gestational age: 

Gestational age was determined for 2397 infants (98.6%). The mean (SD) gestational 

age was 38.6 weeks (1.3 weeks) and 160 infants (6.7%) were PTD. Higher rates of preterm 
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delivery were seen with maternal malaria infection (P = 0.027) or dual HIV/malaria 

infection (P < 0.0001), but only in the primigravidae (Table 2). 

In a Poisson model, primigravidae women infected with malaria-alone had increased 

risk of PTD when compared with uninfected women, but this risk was only marginally 

significant (ƒ> = 0.06), while dual-infection in the same group increased the risk of PTD by 3-

fold (P < 0.001); none of the infections had any effect on PTD among the multigravidae 

(fflV-alone P = 0.5, malaria-alone P = 0.3 and dual-infection P = 0.2, Table 3). 

The mean (SD) gestational age of infants of uninfected primigravidae women was 

38.6 (1.3) weeks. In a linear model, malaria and dual infection had a minimal, but significant 

effect on mean gestational age among primigravidae, but not among multigravidae (data not 

shown). 

Small for gestational age: 

Overall, the prevalence of small-for-gestational age (SGA) was 9.8% (236 out of 

2397) and like PTD, the prevalence of SGA was higher among primigravidae with 

malaria-alone (P = 0.008) or primigravidae and multigravidae with dual-infection (ƒ> = 

0.02), and (P = 0.01) respectively (Table 2). Women who had parasitemia in the third 

trimester and also at delivery were at higher risk of delivery of SGA infant compared to 

aparasitaemic women in the third trimester who had malaria at delivery [18.2% (43 out of 

2h6) versus 11.4% (33 out of 290), RR, 1.6; 95% CI, 1.1-2.4; P = 0.03], but no effect was 

observed on prematurity [8.5% (20 out of 236) versus 9.0% (26 out of 290), RR, 0.9; 

95% CI, 0.5-1.7; P=0.8]. In a Poisson model, primigravidae women infected with 

malaria-alone (P = 0.01) or dual infection (P = 0.03) were at increased risk of delivery of 

a SGA infant when compared with uninfected women (Table 3). Multigravidae with dual 

infection had a borderline significant increase in the risk of SGA (P = 0.06). 
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Maternal anaemia: 

A haemoglobin was available for 2173 women (89.4%). The mean (SD) 

hemoglobin was 10.5 (2.4) g/dl and 1243 out of 2173 women (57.2%) had anaemia (Hb < 

11 g/dl), and 300 women (13.8%) had moderate to severe anaemia (Hb < 8 g/dl). A 

higher prevalence of moderate to severe anaemia was seen among primigravidae with 

HIV-alone (P = 0.008) and in both gravidae with dual infection (P = 0.003 for 

primigravidae) and (P < 0.001 for multigravidae) (Table 2). In a Poisson model, 

primigravidae with HIV-alone had a 1.8-fold increased risk of postpartum moderate to 

severe anaemia (P = 0.01; Table 3), and this risk was more than 2-fold among dually 

infected primigravidae or multigravidae (P = 0.002 and P < 0.001 respectively). 

Mean hemoglobin levels, stratified by maternal infection status and gravidity are 

shown in Figure 3. The mean (SD) haemoglobin of uninfected primigravidae was 10.8 

(2.4) g/dl. After adjusting for other covariates in the multiple linear model, this mean 

(95% CI) haemoglobin was 0.9 (0.4-1.3) g/dl lower in primigravidae women with HTV-

alone (P< 0.001), 0.8 (0.4-1.2) g/dl lower in primigravidae women with malaria-alone (P 

< 0.001), and 1.5 (0.9-2.0) g/dl lower in women with dual infection (P < 0.001) (Figure 

3). Among uninfected multigravidae women, the mean (SD) haemoglobin was 10.7 (2.4) 

g/dl. Multiple linear model among multigravidae women, showed that infection with 

HIV-alone lowered the mean (95% CI) Hb levels by 0.4 (0.05-0.7) g/dl (P = 0.03), but 

malaria-alone had no effect, mean reduction 0.4 (0.0-0.8) (P = 0.1). Dual infection 

significantly lowered the mean (95% CI) Hb by 1.3 (0.7-1.8) g/dl (P< 0.001) (Figure 3). 

Adverse birth outcome in relation to single versus dual infection 

Compared to primigravidae women infected with HIV-alone, those with dual 

infection had a marginally increased risk of delivery of LBW baby (P = 0.06) and 
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significantly increased the risk of PTD (P = 0.03); and, anemia {P = 0.002) among the 

multigravidae (Table 3). Similarly, dual infection increased the risk of maternal anaemia 

among the primigravidae (P = 0.05) and multigravidae {P = 0.03) over and above the risk due 

to infection with malaria-alone (Table 3). 

Discussion 

Compared to uninfected women (with no malaria or HIV), maternal HIV 

infection was associated with a 99 g reduction in mean birthweigh, which is consistent 

with findings of other studies in the region [35,36]. This effect was greatest among the 

multigravidae (138 g), although this reduction did not translate into a greater risk of 

LBW. Neither PTD nor SGA was associated with HTV-infection alone, a finding 

consistent with a Ugandan study among asymptomatic HIV-seropositive women [35], but 

in contrast to findings from Kinshasa, Zaire [37]. The latter study included women with 

symptomatic HIV-infection and a significantly higher prevalence of PTD and LBW was 

reported among infants in that study [37]. 

Infection with HIV-alone nearly doubled the risk of postpartum moderate to 

severe anaemia in primigravidae, and was associated with a reduction in mean 

haemoglobin levels in multigravidae, and is consistent with a previous report [21]. 

Postpartum haemorrhage has been found to be associated with HIV infection [38] and 

could have lowered the postpartum Hb levels in our study, however, this pregnancy 

outcome was reported in less than 1% of our study population and could not be further 

evaluated in our study. In addition, time between delivery and taking blood for Hb could 

affect the maternal postpartum Hb levels due to volume redistribution resulting from the 

effects of labour. However, blood sample for Hb estimation in our study was taken soon 

after delivery in a consistent manner for all the women in the four groups. Thus the 
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observed trend in Figure 3 is likely a true trend reflecting the direct effect of HIV [39] 

and/or its co-infection with malaria on postpartum anaemia. 

As expected, maternal malaria infection identified at delivery was associated with 

a reduction in mean birth weight resulting from a combination of reduced gestational age 

and an increased risk of intrauterine growth retardation among the primigravidae [40]. 

Women who had parasitaemia during the third trimester and also had malaria at delivery 

had increased risk of both LBW and SGA, when compared to women with malaria at 

delivery but had no detectable parasitaemia in third trimester. This may reflect the effect 

of chronic malaria infection on foetal growth. 

When compared to uninfected women, dual infection among primigravidae was 

associated with a 3-fold increased risk of LBW, almost a 3-fold increased risk of prematurity, 

and about a 2-fold increased risk of SGA. In addition, dual infection more than doubled the 

risk of moderate to severe anaemia (Hb < 8 g/dl) in both primigravidae and multigravidae. 

Comparison of dually infected women with women infected with HIV-alone showed that the 

risks of LBW and prematurity among primigravidae, and moderate to severe anaemia among 

the multigravidae were exacerbated by co-existent malaria. Similarly, when compared to 

women infected with malaria-alone, dual infection substantially increased the risk of 

moderate to severe anaemia over and above that among primigravidae and multigravidae 

women infected with malaria-alone. We are currently also investigating whether children 

born from women dually infected with HIV and placental malaria are more likely to be 

infected with HIV, due to increased transmission of HIV from mother to infant in the 

presence of placental infections with P. falciparum as was postulated in a study from Malawi 

[41]. 

Our study has several limitations and may not be fully generalizable to other 

populations. In our study population, only 4.6% of the infants had LBW, compared to 
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15.0% reported by a previous study from the same hospital [42]. This is likely to have 

resulted from the different entry criteria used in the current study: as opposed to the 

previous study that included all women attending delivery at our study hospital, women 

in the current study were eligible for screening only if they had no known underlying 

disease and, had attained a gestational age of 32 weeks or more, and had an 

uncomplicated pregnancy. Therefore, our study sample is not representative of the 

overall ANC population in this hospital and represents a selection of otherwise "healthy" 

women. Because of our study design, we only collected data on women who had met the 

inclusion criteria, and no pre-enrollment data was documented at the recruitment stage on 

women who were not eligible for enrollment. Because we only included women with a 

gestational age > 32 weeks, the effects of HIV and malaria infection on early events of 

pregnancy outcome, such as abortions, and very premature delivery could not be 

evaluated. In addition, the number of perinatal deaths in our study was small (2.0% n = 

2466), likely due to the same reasons noted above. 

Our study demonstrates that women with dual infection are at a particular risk of 

adverse birth outcome. In areas with moderate or high prevalence of HIV and malaria, all 

pregnant women should be the focus for malaria control efforts to improve birth outcomes. It 

is important to assess if treatments of anaemia that have proven to be beneficial in HTV-

seronegative pregnant women offer the same benefits in HTV-seropositive women. 
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Figure 1. Flowchart of inclusion and exclusion of study women for analysis 
23 

5168 
Screened at ANC 

75 
No lab results, excluded 

5093 
Had HIV results 

2554 
Delivered elsewhere, excluded 

36 
Multiple deliveries, excluded 

2539 
Delivered at NPGH 

37 
No PM results, excluded 

2466 
Singletons 

34 
Stillbirths, excluded 

2432 
Live singletons 

Abbreviations: 
ANC: Antenatal Care Clinic 
HIV: human immunodeficiency virus 
PM: Placental malaria 
NPGH: Nyanza Provincial General Hospital 
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Figure 2. The effect of single and dual infections with HIV and malaria on mean 

birth weight adjusted potential confounding covariates* by gravidity, Kisumu, 

western Kenya, June 1996-March, 1999 

2800 

• Primigravidae 
• Multigravidae 

No infection MV-atane Malaria-atone Dual infection 

Maternal status 

'Adjusted for maternal weight (< 25 percentile versus a25 percentile, kg), maternal age (< 20 

vs ;>20 years), years of education (< 8 vs z 8 years), ethnicity (Luo vs non Luo), season of 

delivery (rainy vs dry), a hospitalization in pregnancy and gender of the child and Hb at 

delivery. 

Error bars indicate the 95% confidence interval for mean estimates. 

Abbreviation: HIV: human immunodeficiency virus 
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Figure 3. The effect of single and dual infections with HIV and malaria on mean 

haemoglobin adjusted potential confounding covariates bv gravidity. Kisumu. 
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T t • Primigravidae 

• Multigravidae 

No infection HIV-atone Malaria-atane Dual infection 

Maternal status 

'Adjusted for maternal weight (< 25 percentile versus ^25 percentile, kg), maternal age (< 20 

vs ^20 years), years of education (< 8 vs z 8 years), ethnicity (Luo vs non Luo), season of 

delivery (rainy vs dry), a hospitalization in pregnancy, gender of the child, type of delivery 

(caesarean section or assisted delivery vs normal delivery) and use of haematinics. 

Error bars indicate the 95% confidence interval for mean estimates. 

Abbreviation: HIV: human immunodeficiency virus. Error bars indicate the 95% confidence 

interval for mean estimates. 
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Table 1. Characteristic?of women, with a singleton delivery, with and without an 

adverse outcome at delivery, Provincial hospital, Kisumu, Kenya, June 1996-March 1999 

Adverse event* 

(N=670) 

No with % 

factor 

No adverse 

event (N= 1796) 

No % 

with 

factor 

Risk Ratio 

(95% 

confidence 

interval) 

Total 

(N=2466) 

No % 

with 

factor 

Age < 20 years 

Primigravidae 

^ 8 years of 

education 

Unemployed 

Married 

Luo ethnicity 

Urban residence 

Syphilis (RPR)+ { 

3rd trimester malaria 

Hb < 8 g/dl 3rd 

trimester { 

HIV+ 

Malaria at delivery 

Dual infection 

291 

358 

437 

531 

497 

539 

591 

18 

162 

169 

209 

200 

81 

43.4 630 3 5 . l t 1.24(1.11-1.38) 921 37.3 

53.4 811 45.2 f 1.18(1.09-1.29) 1169 47.4 

437 65.2 1247 69.4 f 0.94(0.88-1.00) 1684 68.3 

79.3 1348 7 5 . l t 1.06(1.01-1.11) 1879 76.2 

74.2 1384 77.1 0.96(0.91-1.01) 1881 76.3 

80.4 1368 76.21 1.06(1.01-1.11) 1907 77.3 

88.2 1551 86.4 1.02(0.99-1.06) 2142 86.9 

2.9 37 2.2 1.33(0.76-2.32) 55 2.4 

24.2 310 17.31 1.40(1.18-1.66) 472 19.1 

25.5 192 10.81 2.36(1.96-2.85) 361 14.8 

31.2 390 21.71 1.44(1.25-1.66) 599 24.3 

29.9 343 19.lt 1.56(1.35-1.82) 543 22.0 

12.1 98 5.51 2.22(1.67-2.93) 179 7.3 

http://35.lt
http://75.lt
http://19.lt
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Vaginal delivery 631 94.2 1720 95.8 1.39(0.96-2.03) 2351 95.4 

(unassisted) 

Breech or transverse presentation, assisted deliveries (forceps/vacuum extraction), caesarean sections, and 
intrapartum medical complications such as placental abruption, placenta previa and pre-eclampsia and 
postpartum haemorrhage (all combined) were uncommon, occurring less than 5%. 
'Adverse outcome: Either a still birth, a premature, low birth weight infant, or small-for- gestational-age infant, 
or maternal moderate to severe anaemia at the time of delivery. For 269 women (10.9%) no haemoglobin was 
available at the time of delivery, for 2, 64 (2.6%) and 62 (2.5%) infants there was no information on low birth 
weight, small for gestational age or prematurity respectively. 
t P< 0.05, comparing women with and without an adverse event at delivery 
X Haemoglobin 3rd trimester missing for 28 women (1.1%), syphilis test result not available for 178 women 

(7.2%) 
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Abstract. The role of maternal and pediatric HIV-1 infection and malaria as risk factors for 

anemia was determined in a birth cohort of infants bom to mothers participating in a study of the 

interaction between placental malaria and HIV infection, in Kisumu, Kenya. Between June 1996 

and April 2000, 661 infants bom to 467 HIV-seropositive and 194 HIV-seronegative mothers 

were monitored monthly from birth. At each visit a questionnaire was completed and a blood 

sample collected for the determination of hemoglobin, malaria, and HIV. Anemia was common 

and rose from 13.6% at 1 month to 75% at 6 months and remained high throughout the second 

half of infancy. Placental malaria, infant malaria, and HIV infection of the infant were all 

associated with infant anemia in a multivariate model, adjusting for other co-variates found to be 

associated with infant anemia. HIV-infected infants with malaria parasitemia had lower mean 

hemoglobin levels compared with HJV-uninfected infants, or HIV-infected infants without 

malaria, suggesting that HIV-infected infants are particularly vulnerable to the adverse 

consequences of malaria at this age. Early detection and prompt treatment of infant malaria and 

treatment of anemia as part of the study protocol failed to prevent most of the infants from 

becoming anemic. Although not proven effective in this study, micronutrient supplementation 

should be prospectively assessed in HIV-infected infants as a means of preventing anemia. 
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INTRODUCTION 

Three-quarters of preschool children in sub-Saharan Africa suffer from anemia and the 

consequences are considerable.1 Malaria associated anemia is a major contributor to morbidity 

and mortality.2,3 Iron-deficiency anemia in infants has been associated with an impaired mental 

and physical development and alteration in the immune system.4" Children with severe anemia 

are at an increased risk of acquiring human immunodeficiency virus (HIV) because of the blood 

transfusions they may need.8,9 Nutritional deficiencies (iron, folic acid, and zinc deficiency), 

infectious diseases (including tuberculosis, hookworm infection, malaria, and schistosomiasis) 

and genetic red blood cell disorders (e.g. a-thallasemia, sickle cell disease) contribute to anemia 

and interactions between causes have been described. 

Anemia has been reported as the most common hematologic consequence of HIV 

infection in children in the western hemisphere and has been associated with HIV infection in 

developing countries as well.11"'13 Significant differences were reported in mean hematocrit 

between HIV-infected and HTV-uninfected children in hospital-based, cross-sectional studies in 

Zaire.9,14 Results from longitudinal studies in Africa have been lacking. 

During the past 2 decades HIV/AIDS has emerged as a major problem in malaria-

endemic areas. Malaria is a well known and important cause of anemia in infants in malaria 

endemic areas. The prevalence of malaria increases with age in the first year of life, and is lowest 

in the first months when the transfer of maternal antibodies before delivery and the presence of 

fetal hemoglobin provide some protection against malaria infection, high density parasitemia and 

clinical malaria.15 In the second half of the first year of life however, most maternal antibodies 

and fetal hemoglobin have disappeared, and infants are frequently reported to suffer the greatest 

burden of anemia and malaria.3,16,17 Little is known about the additional effect of malaria 

parasitemia in HIV-infected infants on anemia. 

Adverse effects of malaria can start in utero, when placental malaria can lead to low birth 

weight, particularly in primigravidae.18 Iron stores are correlated with size at birth, and low birth 
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weight has been associated with an earlier depletion of iron stores in the newborn and early 

development of iron-deficiency anemia.19 Studies in Malawi and Cameroon showed an 

association between placental malaria and anemia in infants at the age of 2 months and 6 months 

of age respectively, and in Cameroon this was independent of low birth weight.17,20 This finding 

needs to be confirmed and gains importance with the increased risk for HIV-seropositive 

pregnant women to develop P. falciparum parasitemia and placental malaria, particularly in 

multigravidae.21""23 

We assessed the effect of HIV infection and placental malaria in the mother and HIV 

infection and malaria in the infant on anemia in the first year of life, using longitudinal data from 

a cohort study in an urban and periurban area in Kenya, which is endemic for both diseases. 

MATERIALS AND METHODS 

Study site, enrollment and study population. This study was conducted at the Nyanza 

Provincial General Hospital (NPGH) in Kisumu town. Kisumu is located on the shores of Lake 

Victoria in western Kenya with a population of approximately 300,000. Malaria transmission is 

perennial and Plasmodium falciparum accounts for 98% of the malaria cases. Chloroquine 

resistance is widespread; 75% RII/RiTI resistance of P. falciparum infections to chloroquine was 

reported in 1990.24 NPGH is a 400-bed government referral hospital, providing health care 

mostly to the low-income population in this area. 

Healthy pregnant women visiting the prenatal clinic of the NPGH with an uncomplicated 

singleton pregnancy of 32 weeks or more and residing in the Kisumu area were invited to 

participate in a study of the interaction between HIV and placental malaria. After informed 

consent was obtained, a questionnaire was completed to collect information on age, place of 

residence, education, socioeconomic status, and medical history. Participants were counseled 

about HlV-infection, and blood was obtained by finger prick for HIV-testing, hemoglobin, and a 

malaria smear. An appointment was made for post-test counseling and all women, irrespective of 
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their HIV-test result, were encouraged to deliver in the hospital. After delivery in the hospital, 

blood was again obtained from the mother by finger stick for a malaria smear and hemoglobin 

measurement. A placental blood smear was also collected. Gestational age of the newborn was 

assessed using a standardized modified Dubowitz scoring system.25 HIV-seropositive women 

with and without placental malaria were invited to visit the study clinic with their newborn every 

4 weeks until the child was age 2. To avoid having study participants stigmatized as HIV-

infected, and for comparison, a total of 129 randomly selected HIV-negative women with 

placental malaria and 110 HIV-negative women without placental malaria were enrolled over the 

course of the study. In addition to recruitment in the prenatal clinic, eligible women could also be 

recruited directly from the labor ward. For these participants, blood smear and hemoglobin result 

in the third trimester were not available. Hemoglobin of the newborn or cord biood was not 

measured at delivery. Blood for CD4 and CD8 counts was obtained from the enrolled mothers at 

1 month postpartum. 

During the monthly visits to the study clinic, information was collected on the health 

status of the infant during the past weeks using a standardized questionnaire. The infant was 

weighed (scale measuring to the nearest 0.1 kg) and the axillary body temperature was measured 

with a digital thermometer. Infant blood was obtained by finger prick for hemoglobin, a malaria 

smear, and detection of HIV-DNA by the polymerase chain reaction (PCR). Infants with a 

positive malaria blood smear, regardless of symptoms and parasite density, were treated with 

sulphadoxine-pyrimethamine (SP). Hematinics (Ferrous sulphate/vitamin B complex syrup, 6 mg 

of elemental iron/kg/day, assuming 6 mg of elemental iron in 30 mg ferrous sulphate) were 

prescribed for infants with a hemoglobin level < 9 g/dl; for logistic reasons (e.g. the number of 

bottles that had to be prepared and carried) an initial supply enough for 2 weeks was provided 

and women were informed to return when this was finished.26 Infants who did not return for their 

routine follow-up appointments were visited at home. 

This study was carried out in a changing environment of perinatal HIV and malaria 

prevention. The study protocol was designed in 1994 to 1995, approved by the institutional 

6 



review boards of the Kenya Medical Research Institute, Nairobi, the Centers for Disease Control 

and Prevention (CDC), Atlanta, USA and the Academic Medical Center of the University of 

Amsterdam, The Netherlands, in 1995 and started in 1996. The study protocol was reviewed 

yearly in Kenya and CDC. Studies in 1998 and 1999 have shown the benefit of short courses of 

antiretrovirals in preventing perinatal HIV-transmission. During this review process, the Kenya 

Ministry of Health repeatedly determined that, in the absence of national consensus and policy, 

it was inappropriate to introduce provision of services outside of the research questions being 

addressed (e.g., AZT for pregnant women) that were not standard of care and were not available 

to women outside of this study; IRB officials at participating institutions accepted this approach. 

Laboratory Procedures. Blood smears were stained with Giemsa and examined under 

oil immersion for malaria parasites. A thick smear was considered negative if 100 microscopic 

fields revealed no parasites. For positive smears, malaria parasites were counted against 300 

leucocytes and parasite densities were estimated using an assumed count of 8000 white blood 

cells per microliter blood. Placental smears were counted the same way. Hemoglobin was 

measured using a Hemocue® machine (HemoCue AB, Angelholm, Sweden). HrV testing of 

pregnant women in the prenatal clinic involved the use of two rapid test methods: Serostrip HIV-

1/2 (Saliva Diagnostic Systems Pte. Ltd., Singapore) and Capillus HIV-l/HrV-2 (Cambridge 

Diagnostics, Wicklow, Ireland). HIV-1 testing of the infants was done by a nested PCR.27 All the 

PCR reactions were done in duplicate, and both negative and positive controls were included in 

each experiment. PCR-tests of PCR negative infants were repeated at 12-weekly intervals. For 

infants who sero-converted the PCR was done retrospectively at monthly intervals to determine 

the month of first positive PCR-test. CD4 and CD8 counts were determined in peripheral blood 

by means of a standard flow cytometry protocol, with reagents obtained from Becton-Dickinson 

(San Jose, CA).28 

Definitions. For infants age 24 weeks and older, anemia was defined as a hemoglobin 
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concentration of less than 11 g/dl.29,30 Because of the physiological decline in hemoglobin 

immediately after birth, for infants age less than 24 weeks, an age-dependent definition was 

used: anemia was defined as a hemoglobin concentration more than two standard deviations 

below the mean of similarly aged infants from a reference population unexposed to malaria in 

the USA.31 A reference value for the age of 5 months was extrapolated by taking the midpoint 

from the reference values available for the age of 4 and 6 months. Using these reference criteria, 

anemia at 4, 8, 12,16 and 20 weeks of age were defined as, respectively, a hemoglobin less than 

10.7 g/dl, 9.4 g/dl, 9.5 g/dl, 10.3 g/dl and 10.7 g/dl. Moderate anemia for infants was defined as 

a hemoglobin between 9 and 7 g/dl and severe anemia as a hemoglobin less than 7 g/dl. 

A woman with a negative test result on screening with Serostrip HIV-1/2 was considered 

HIV-seronegative. When both rapid tests for HIV antibodies were positive a woman was 

considered HIV-seropositive. In case of inconclusive rapid tests results, a positive Western blot 

test indicated that the woman was HIV-seropositive. The sequential rapid test algorithm was 

assessed previously by confirmation with Western blot; the sensitivity, specificity, positive 

predictive value and negative predictive value for the combined two rapid tests were 99.8%, 

98.9%, 99.8% and 98.9%, respectively (Steketee RW and others, unpublished data). An infant 

was defined as HIV-1 infected if the PCR-test was positive in 2 consecutive blood samples and 

HIV-1 uninfected if two consecutive samples were HIV-negative and the last 3-monthly blood 

sample that was obtained was HIV-negative as well. Malaria was defined as the presence of 

asexual stage parasites in thick smears, independent of the presence or absence of clinical signs 

or symptoms. An axillary temperature of 37.5 DC or more at the time of visit was considered 

documented fever. 

An uncomplicated pregnancy was defined as a pregnancy without evidence of multiple 

gestation, hypertension, pre-eclampsia, polyhydramnios, an abnormal presentation of the fetus, a 

history of caesarian section, hemorrhage, or repeated miscarriages (> 2). Anemia in pregnant 

women was defined as a hemoglobin < 11 g/dl and severe anemia as a hemoglobin < 7 g/dl. The 

absence of electricity in the house was used as an indicator of low socioeconomic status (SES). 
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A. premature baby was defined as a baby with a gestational age less than 37 weeks as assessed by 

the modified Dubowitz score.25 A low birth weight (LBW) baby was defined as a baby with a 

birth weight less than 2500 grams. Small for gestational age (SGA) was defined as a sex-specific 

birth weight at or below the 10lh percentile weight-for-gestational age of a reference population 

in the USA.33 Rainy season included the months April, May and June (long rains) and October 

and November (short rains). 

Analysis and statistical methods. For the analysis of anemia in infants, only mother-

infant pairs with known HIV status were included. Sibling-infants (the second infant of mothers 

who participated with two infants [no twins] in the study) were excluded from the analysis. 

Differences in means were compared using the Student's Mest and differences in proportions 

were analyzed using Chi-square tests. 

For the analysis of the repeated measurements of hemoglobin, generalized estimating 

equations with Poisson regression and an autoregressive correlation structure were used, to allow 

for the correlation that exists between repeated observations over time in the same person. Time-

stationary and time-varying covariates of interest were included to estimate the strength of the 

association between risk factors and anemia over time. Each characteristic was first introduced in 

the model to calculate a univariate risk ratio (Table 2). For the final multivariate model, maternal 

and infant characteristics were included if an association had been reported in the literature or if 

they were significant in the univariate analysis, unless the use of the factor would give a 

substantial reduction in sample size that could distort the results (e.g. maternal hemoglobin level 

in the third trimester, infant blood smear result at the previous monthly visit). All HIV- infected 

infants were bom to HIV-seropositive mothers, and the effect of HIV infection of mother or 

infant was assessed by the creation of a variable indicating either an HIV-infected infant of an 

HJV-seropositive mother, an HIV-uninfected infant of an HIV-seropositive mother or an HIV-

uninfected infant of an HIV-seronegative mother. Factors were removed according to their 

multivariate P-value (P > 0.05). Gravidity, although a biological risk factor for placental malaria, 
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was not significantly associated with infant anemia in uni-and multivariate analysis, either in a 

model with or without age, and no confounding was seen with placental malaria. For this reason 

it was not included in the final model. Because of overlap between LBW and prematurity or 

SGA, only the factors prematurity and SGA were included in the model. To adjust for the 

difference in risk of anemia in the first half and the second half of infancy, an age factor was 

introduced, indicating either a visit prior to 24 weeks or a visit from age 24 to 52 weeks of life. 

Because of the interactions that were detected between age-group and the factors examined (P < 

0.05 for the interaction term), the results were presented stratified by age-group. Factors only 

significant in one model were kept in both models to allow comparison of the risk ratio between 

the two age groups (Table 3). 

The statistical programs SPSS (SPSS for Windows 9.0, SPSS Inc) and SAS (the SAS 

system for Windows, 6.12, SAS Inc) were used for analyses. For all statistical tests, a two-sided 

P value < 0.05 was considered significant. 

RESULTS 

Characteristics of the study population. Between June 1996 and April 2000, 1041 

infant-mother pairs were enrolled in the study, and 661 infants (63.5%) participated in the 

analysis (Figure 1). For 351 excluded infants, the HIV status was not known; of these, 197 

(56.1%) failed to make a clinic visit and 72 (20.5%) made only one visit; an HIV status could not 

be determined for these infants. Home visits to those who did not return for follow-up visits 

(269) identified 24 infant deaths in the first 3 months of life (8.9%). For an additional 82 infants, 

the HIV status was not yet known at the time of analysis. Nine sibling-infants were excluded. 

Compared with the 661 infants included in the analysis, the mothers of the 360 excluded infants 

were more likely to be HIV-seropositive and married, but they were similar in other 

characteristics (gravidity, age, Luo tribe, socio-economic status, years of education, peri-urban or 

urban residence, low birth weight and prematurity). The proportions of boys was significantly 
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higher among the excluded infants than among the 661 infants with complete data. 

Fifty-four percent of the infants made visits up to 12 months of age and 57 infants (8.6%) 

died in the first year of life. An additional 59 infants had not finished 1 year of follow up at the 

time of analysis. Together with the 545 infants who were alive when they left the study, they 

were expected to make 7310 visits and 5560 visits (76.1%) were actually made. The cumulative 

prevalence of HIV in the first year of life in infants born to HlV-seropositive mothers was 22.5% 

(105 HIV-infected infants of 467 HlV-seropositive mothers); 80 HIV-infected infants (76.2%) 

had a first positive PCR test at <; 3 months and 98 (93.3%) had a first positive PCR result at <; 6 

months. 

Characteristics of the study population are shown in Table 1. The mean age ± standard 

deviation (SD) of the mothers was 22.0 ± 4.6 years and the mean ± SD birth weight was 3161 ± 

431 gram. The malaria blood smear result was positive in 13.6% of the visits where a smear was 

available (753/5543) and 370 infants (56.0% of the study population) became positive at least 

once during follow up. The prevalence of infant malaria in this peri-urban population was low: 

10.0% at 12 weeks and 15.3% at 24 weeks. The highest prevalence was at 44 weeks (22.3%). A 

parasite density of 5000 parasites//^ or more was reported in 123 visits (2.2%). In 98.8% of the 

infections P. falciparum was reported as the only species present. A history of clinical malaria in 

the weeks in between the routine visits, that was treated either in the study clinic (67.5%) or 

elsewhere, was obtained in 419 visits (7.5%) by 286 infants (43.3% of the study population). 

Hematinics were prescribed for 216 (32.7%) infants at 6.1% of the visits; antimalarials were 

prescribed for 428 (64.8%) infants at 16.1% of the clinic visits. 

Hemoglobin level and prevalence of anemia. Mean hemoglobin levels were within the 

normal range for the first 12 weeks of life (Figure 2). However, mean hemoglobin levels 

continued to decrease until age 32 weeks when they reached a nadir (9.9 g/dl). Anemia was 

common in the second half of infancy, observed in 78.6% of visits (Figure 3). Severe anemia 

was not common and was recorded in only 59 infants (8.9%) during 79 visits (1.4%) The highest 
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prevalence of severe anemia was 3.4% at 9 months. A hemoglobin less than 5 g/dl was observed 

in only 4 infants. 

HIV-infected infants had a lower mean hemoglobin throughout the first year of life than 

HlV-uninfected infants (Figure 2) and significantly more anemia compared with HIV-uninfected 

infants (4 to 23 weeks: 33.6% versus 26.6%, respectively, risk ratio (RR) 1.27, 95% confidence 

interval (CI) 1.09-1.47, and 24 to 52 weeks 88.5% versus 76.3%, RR 1.16, 95% CI 1.11-1.21). 

The highest prevalence of anemia in HIV-infected infants was seen at 48 weeks (95.7%) and 

HIV-infected infants were in particular more likely to have a hemoglobin level between 7 and 

8.9 g/dl compared with HIV-uninfected infants (Figure 3). 

Risk factors for anemia. Maternal risk factors for anemia in infancy in the univariate 

analysis included HP/ infection, placental malaria, a hemoglobin < 7 g/dl in the 3rd trimester and 

low SES. Age of the mother but not gravidity was associated with anemia in infants (Table 2). 

Significant infant risk factors included male gender, low birth weight, HIV infection and all 

characteristics that could indicate a present or past malaria infection (e.g. a history of treatment 

for malaria in the previous month, a history of fever, splenomegaly, documented fever, malaria 

parasitemia). The association between maternal HIV infection and anemia in HIV-uninfected 

infants was of borderline significance (P = 0.07). Additional characteristics not associated with 

infant anemia included: marital status, years of education of the mother, Luo tribe, employment 

of the mother, a peri-urban (versus urban) residence, rainy season at the time of delivery, and a 

history of diarrhoea in the infant. 

In the multivariate model (Table 3) risk ratio's were higher before 24 weeks, and 

decreased thereafter, when anemia changed from being a rare to a common event. HIV infection 

of the infant was an important risk factor for anemia and this was true both early and late in 

infancy. For HIV-uninfected infants, the association between maternal HIV infection and anemia 

in infancy was borderline significant. Placental malaria was a risk factor prior to 24 weeks of 

age, in the second part of infancy the association was of borderline significance (P = 0.05). To 
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assess the time period of maximal effect of placental malaria, models were repeated monthly up 

to 20 weeks. At age 4 weeks the adjusted risk ratio was 1.35 (95% CI 0.83--2.19), and this 

increased at age 8 and 12 weeks (RR 1.68, 95% CI 1.01—2.80 and RR 1.77, 95% CI 1.13—2.77 

respectively) and then decreased at age 16 and 20 weeks (RR 1.02, 95% CI 0.76--1.37 and RR 

1.10, 95% CI 0.85--1.43, respectively). 

Removal of placental malaria from the model for 4-23 weeks decreased the strength of 

the association between HIV-infected infants and anemia, indicating confounding or interaction; 

the P-value for the interaction term between placental malaria and HIV-infected infants was 

0.04. Considering the small sample size for HIV-infected infants with placental malaria (n = 19) 

an interaction could not be excluded. When stratified by infant HIV status, the greatest effect of 

placental malaria prior to 24 weeks of life was on the prevalence of anemia in HIV-uninfected 

infants of HIV-seronegative mothers (adjusted RR 1.42, 95% CI 1.08-1.88). For HIV-uninfected 

infants of HTV-seropositive mothers and for HIV-infected infants, placental malaria was not a 

significant risk factor (adjusted RR1.19, 95% CI 0.97-1.46 and RR 0.91, 0.67-1.25, 

respectively). 

To assess the effect of maternal immunodeficiency in HIV-seropositive mothers in terms 

of CD4/CD8 counts on anemia in HIV-uninfected infants, the model was repeated including only 

HIV-uninfected infants. A maternal CD4/CD8 ratio in HIV-seropositive mothers of less than 0.9 

was significantly associated with anemia (RR 1.14, 95% CI 1.03-1.26) in 24 to 52 weeks of life, 

but not before 24 weeks (RR 1.15, 95% CI 0.90-1.47). 

Of the factors that indicated past or present malaria in the infant, a history of treatment 

for clinical malaria, parasitemia in the current visit, and a palpable spleen were consistent risk 

factors in the first year of life. To assess a confounding effect of the use of antimalarials and 

hematinics on the risk factors for anemia, the model was repeated with the exclusion of the first 

visit after an antimalarial or hematinic drug was prescribed (19.1% of the visits). Risk factors 

and risk ratios were very similar compared with the first model; however, before age 24 weeks, 

higher risk ratios were seen for high density parasitemia (2.08, 95% CI 1.58-2.75) and 
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splenomegaly (RR 1.57, 95% CI 1.26-1.96). 

The effect of concurrent malaria on anemia by age can be seen in figure 4, stratified by 

HIV status of infant. HIV-infected infants without parasitemia had significantly lower 

hemoglobin levels than HIV-uninfected infants without parasitemia but higher hemoglobin levels 

than HIV-uninfected infants with parasitemia (linear regression > 12 weeks, comparing HIV-

uninfected infants with malaria with HIV-infected infants without parasitemia, P = 0.07). 

Anemia was particular common in HIV-infected infants with parasitemia at or after age 16 

weeks (RR of malaria for anemia in HIV-infected infants s agel6 weeks: 1.13, 95% CI 1.00-

1.27) and the hemoglobin level was significantly decreased compared to HIV-uninfected infants, 

and HIV- infected infants without parasitemia (P < 0.01). 

DISCUSSION 

Anemia was a major problem in this urban birth cohort. Anemia was rare in the first 

weeks of life, but rose from 13.6% at 4 weeks to 75% at the age of 6 months and remained high 

throughout the second half of infancy. Although the mean hemoglobin was slightly higher than 

that reported in infants from our rural study site in Asembo, the shape of the mean hemoglobin 

curve in the first year of life was similar to that seen in Asembo.34 This included a lack of nadir 

at age 2 months, decreasing hemoglobin levels up to 8 to 10 months and little variation in the 

mean hemoglobin level in the second half of the first year. A similar age-dependent pattern was 

also reported in Tanzania. 

HIV infection of the infant was a consistent risk factor for anemia throughout infancy and 

we estimate that in the HIV-infected infants participating in this study, 16 to 17% of the anemia 

could be attributed to the presence of HIV (attributable fraction). As expected, malaria was a risk 

factor for anemia, also in early infancy when most infants are protected from severe malaria 

through passively transferred maternal antibodies and the presence of fetal hemoglobin. 

Importantly, HIV-infected infants with malaria had lower mean hemoglobin levels from age 16 
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weeks onwards compared with HIV-uninfected infants with and without malaria, and HIV-

infected infants without malaria, suggesting that HIV-infected infants are particularly vulnerable 

to the adverse consequence of malaria at this age. This is consistent with our observation in 

pregnant women with HIV-infection and malaria (Ayisi JG, personal communication). 

This study also showed that maternal factors play an important role in infant anemia. 

Maternal HIV was an additional risk factor, not only directly, through mother-to-child 

transmission of HIV, but also indirectly, as suggested by the finding that infant anemia was 

worse in HIV-uninfected infants when born to HIV-seropositive mothers compared with those 

born to HTV-seronegative mothers (borderline significant). The effect was particularly evident in 

the infants born to mothers with more advanced immunodeficiency (low CD4/CD8 ratios). This 

may be the result of different infant feeding habits by HIV-seropositive mothers or an effect of 

health status of the mother and potential mother-to child transmission of other pathogens.36 

Placental malaria was a risk factor for early infant anemia independent of prematurity and 

SGA. This confirms earlier reports from Malawi and Cameroon,17'20 but is in contrast with recent 

findings from our rural study site near Kisumu; however, LBW and premature infants were 

excluded in that analysis.34 Microscopically detectable congenital malaria (cord blood) was rare 

in this study (1.7%) and alone cannot explain the increased risk of infant anemia. The increased 

risk with placenta! malaria might reflect behavioral differences (e.g. frequent travel with the 

infant to the rural area) or increased environmental exposure to malaria in households (e.g. house 

construction and location of residence), which might be less amendable to anti-malarial 

interventions during pregnancy. However, the observation that the association between placental 

malaria and infant anemia is present only in the first few month of life and absent in the last 6 

months of infancy, both in the current study and in a previous study in Cameroon, may indicate a 

biological association.17 Brabin and colleagues (1992) suggested that exposure of the fetus to 

malaria antigens due to damage of the placental barrier may make the newborn more susceptible 

to immunologically mediated hemolysis or to dyserythropoiesis.37 

This study has several limitations that should be considered. Firstly, estimates of the 
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prevalence of anemia are not applicable to the general infant population in Kisumu because of 

the study design, which resulted in a relatively high proportion of HlV-seropositive women, and 

hence HIV-infected infants, as well as relatively more women with placental malaria. However, 

the associations between the maternal and infant factors described are likely to be valid in a 

wider context as well. Secondly, the HIV status could not be determined in 26% of the infants 

because they were lost to follow-up before their first sample, or they contributed only a single 

sample, whereas two consecutive samples were required. The prevalence of HTV among these 

infants is likely to be higher than among infants with known HIV status, as a higher proportion 

of their mothers were HlV-seropositive, and the early infant mortality among these 26% was 

high. Thirdly, infants who did not return for visits may have been different from infants who 

returned, e.g. they may have been more healthy so the mother may not have thought it necessary 

to visit, or they may have been too sick so the mother may not have thought it useful to visit the 

study clinic. This may have skewed the results. 

A Hb < 11 g/dl was used as cut-off for the definition of anemia in the second six months 

of infancy according to WHO definitions.30 At present no suitable standard reference values are 

available for young infants in whom physiological hemoglobin concentrations vary importantly 

with progressing age. The use of a separate hemoglobin standard for African and Caucasian 

persons is still under discussion.38 A single cut-off of 11 g/dl would inevitably have resulted in 

an underestimate of anemia in infants < age 2 months and an overestimate in infants age 3-5 

months. We choose therefore to use an age-specific reference population to define anemia in 

infants < age 6 months.31 The definition of anemia did not influence the relationship between 

maternal and infant factors on infant anemia (data not shown), the primary objective of this 

study. 

Lastly, the study aimed to determine the role of maternal and infant HIV and malaria on 

infant anemia, but did not assess other known causes of anemia, including iron and other 

nutritional deficiencies, or hereditary red blood cell disorders. Neither were blood cultures 

routinely conducted, and we cannot define the contribution of bacterial pathogens, which are 
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likely to play an important role in HIV-infected infants. Helminthic infections were not routinely 

assessed, but were determined in a sub-sample of the study infants (N=315), as part of a sub-

study of the etiology of infant diarrhoea (Eberhard M., unpublished data). Only 3.5% had 

evidence of helminthic infections in their stool; no association with anemia was seen in this 

subgroup (data not shown). 

Because of their increased vulnerability to develop anemia, in particular in the presence 

of malaria, infants bom to HIV-seropositive mothers, and particularly if HIV-infected 

themselves may need to be targeted with specific interventions. However, it will be important to 

assess if interventions that have been proven to be beneficial in HIV-uninfected infants in 

developing countries, e.g. iron supplementation, are beneficial in HIV-infected infants as well, 

because causes for anemia and response to treatment may differ between HIV-infected and HIV-

uninfected infants. The association between placental malaria and early infant anemia found in 

this study suggests that prevention of maternal malaria might be beneficial in preventing anemia 

in the first 6 months of life, particularly when combined with other interventions that impact 

beneficially on birth weight and the maternal micronutrient status. A concern was that close 

monitoring, combined with early detection and prompt treatment of infant malaria and anemia 

alone, was not sufficient as a strategy to prevent infant anemia in this study population. All 

infants were regularly examined by a physician and treated free of charge for anemia, malaria 

(any parasitemia, regardless of symptoms) and other infectious diseases, but this apparently 

failed to prevent most of the infants from becoming anemic. This suggests that more research is 

needed in this high-risk population, and in particular in HIV-infected infants, to assess how 

micronutrient supplementation combined with malaria interventions, either intermittent treatment 

with antimalarials, regular chemoprophylaxis, or the use of impregnated bednets or other 

protective measures can improve hemoglobin levels and decrease anemia in a more sustainable 

manner. 
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Table 1: Characteristics of mothers and infants, enrolled in the study, by participation in the 
analysis of anemia in infants, June 1996 - April 2000, Kisumu, western Kenya (N= 661 mother-
infant pairs)* 

Prevalence characteristic 
MOTHERS 

Age 
< 20 years 
20-29 years 
2 30 years 
Education 
0-3 years of schooling 
4-7 years of schooling 
8 or more years of schooling 
Low socio-economic status 

Semi-urban (versus urban place of residence) 

Luo tribe (versus other tribes) 

Gravidity 
Primigravidae 
Secundi gravidae 
Gravidae ^3 
Mean Hb 3rd trimester (g/dl) f 

Malaria parasitemia smear 3rd trimester | 

Mean Hb at delivery, (g/dl) f 

Maternal peripheral smear parasitemia, delivery | 

Placental malaria 

CD4/CDS ratio < 0.90 f 

HlV-seropositive mother 

INFANTS 

Male 

Low birth weight 

Premature infant 

Small for gestational age 

HTV status mother and infant 
HIV-infected infant / mother HlV-seropositive 
HrV-uninfected infant / mother HlV-seropositive 
HlV-uninfected infant / mother HIV-seronegative 

*SD: standard deviation; Hb: hemoglobin; HIV: human immunodeficiency virus 

n 

212 
399 
50 

30 
166 
465 
530 

98 

552 

278 
170 
213 

126 

170 

225 

324 

467 

334 

41 

48 

72 

105 
362 
194 

% 

32.1 
60.5 
7.6 

4.5 
25.1 
70.3 
80.2 

14.8 

83.5 

42.1 
25.7 
32.2 

9.3(SD±1.7) 

23 

10.1 (SD± 2.3) 

26.6 

34.0 

56.9 

70.7 

50.5 

6.2 

7.3 

10.9 

15.9 
54.8 
29.3 
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fHemoglobin and malaria smear result in third trimester available for 550 women (83.2%), 

hemoglobin and malaria peripheral smear result at delivery available for 639 women (96.7%). 

CD4 and CD8 count 1 month postpartum was available for 569 women (88.1%). 
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Table 2: Maternal and infant characteristics associated in univariate analysis with anemia in 

infants, Kisumu, June 1996 - April 2000 (N= 661 infants who made 5459 monthly visits with a 

hemoglobin result)* 

Age 
< 20 years 
20-29 years 
s30 years 
Low socio-economic status 

Gravidity 
Primigravidae 
Secundigravidae 
Gravidae 2 3 
Severe anemia third trimester J 

Malaria parasitemia 3rd trimester J 

Hb after delivery < 7 g/dl J 

Malaria parasitemia delivery J 

Placental malaria 

CD4/CD8 ratio < 0.90 % 

HlV-seropositive mother 

Number 
of visits 

1678 
3324 
457 

4401 

2228 
1338 
1893 
430 

1002 

495 

1394 

1848 

2792 

3935 

INFANTS: time-independent variables 

Male 

Low birth weight 

Premature infant 

Small for gestational age 

HIV-infected infant 

HIV status infant and mother: 
HIV+ infant / mother HIV+ 
HIV- infant / mother HIV+ 
HIV- infant / mother HIV-

2763 

310 

324 

595 

822 

822 
3113 
1524 

Number 
with 

anemia 

953 
1730 
219 

2400 

1217 
722 
963 
258 

549 

277 

762 

1062 

1543 

2140 

1539 

190 

192 

362 

491 

491 
1649 
762 

Incidence 
densityf 

56.8 
52.0 
47.9 
54.5 

54.6 
54.0 
50.9 
60.0 

54.8 

56.0 

54.7 

57.5 

55.3 

54.4 

55.7 

61.3 

59.3 

60.8 

59.7 

59.7 
53.0 
50.0 

Risk Ratio 
(95% CI) 

1.16(1.01-1.35) 
1.08(0.94-1.25) 

reference 
1.15(1.04-1.26) 

1.05(0.97-1.14) 
1.06(0.97-1.16) 

reference 
1.16(1.04-1.29) 

1.06(0.97-1.17) 

1.05(0.94-1.18) 

1.03(0.94-1.12) 

1.12(1.04-1.21) 

1.13(1.05-1.23) 

1.11(1.02-1.21) 

1.11(1.03-1.19) 

1.17(1.04-1.31) 

1.12(0.98-1.28) 

1.16(1.06-1.27) 

1.15(1.05-1.25) 

1.21(1.09-1.34) 
1.08(0.99-1.18) 

reference 
INFANTS: Time-dependent variables 

Malaria parasitemia 747 515 68.9 1.17(1.10-1.25) 
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Parasite density malaria smear 
2 5000 parasites/^1 
l-4999parasites/,ul 
no parasites detected 
Malaria parasitemia previous visit 

History of treated clinical malaria 
in the preceding month 

History of fever 

Documented fever (2:37.5° C) 

Palpable spleen 

Palpable liver 

121 
623 

4695 
626 

416 
1284 

348 

252 

160 

103 
409 

2380 
441 

313 
818 

248 

199 

106 

85.1 
65.7 
50.7 
70.5 

75.2 
63.7 

71.3 

79 

66.3 

1.32(1.18-1.48) 
1.14(1.07-1.22) 

reference 
1.12(1.06-1.19) 

1.29(1.20-1.38) 
1.14(1.08-1.20) 

1.21(1.12-1.30) 

1.26(1.15-1.38) 

1.13 (1.01-1.27) 

•Significant risk ratio's printed in bold. CI: confidence interval; Hb: hemoglobin; ul: microliter; 

HIV+: HIV-infected; HIV-: HIV-uninfected. 

t Incidence densities expressed as number of anemia diagnosis per 100 person months of 

observation. 

\ Hemoglobin and malaria smear result in third trimester available for 550 women (83.2%), 

hemoglobin and malaria peripheral smear result at delivery available for 639 women (96.7%). 

CD4 and CD8 count one month postpartum were available for 562 women (85.0%). 
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Table 3: Maternal and infant characteristics associated with anemia in infants in a multivariate 
model, Kisumu, June 1996 - April 2000* 

Variable Age 4-23 weeks 
RR (95% CI) 

Age 24-52 weeks 
RR (95% CI) 

Time stationary variables mother 

Age < 20 years 

Low socio-economic status 

Placental malaria 

Time stationary variables infants 

Male 

SGA 

Premature 

HIV-status mother and infant 
HIV+ infant 
HIV- infant of HIV+ mother 
HIV- infant of HIV- mother 
Time varying variables infant 

Parasite density concurrent malaria smear 
a 5000 parasites/,ul 
1-4999 parasites///l 
no parasites detected 
History of treatment for clinical malaria in 

the preceding month 
History of fever 

Documented fever (z.37.5 C) 

Palpable spleen 

1.21(1.04-1.40) 

1.23(1.02-1.47) 

1.21 (1.04-1.40) 

1.20(1.04-1.38) 

1.32(1.10-1.58) 

1.29(1.00-1.65) 

1.34(1.09-1.64) 
1.18 (0.99-1.40)f 

reference 

1.73(1.25-2.38) 
1.15(0.97-1.37) 

reference 
1.75(1.44-2.12) 

1.11 (0.97-1.28) 

1.26(1.02-1.55) 

1.44(1.17-1.77) 

1.05(0.99-1.12) 

1.09(1.01-1.18) 

1.06(0.99-1.13)1 

1.07(1.01-1.13) 

1.07(0.99-1.16) 

1.04(0.94-1.15) 

1.20(1.10-1.31) 
1.07(0.99-1.16)1 

reference 

1.09 (0.99-1.18)t 
1.08(1.02-1.13) 

reference 
1.11(1.06-1.17) 

1.02(0.98-1.07) 

1.06(0.99-1.13) 

1.11(1.06-1.17) 

*CI: confidence interval, RR: risk ratio; HIV: human immunodeficiency virus: SGA: small 

for gestational age; /A: microliter; HIV+: HIV-infected; HJV-: HIV-uninfected. Significant 

risk ratio's are printed in bold. 

t Borderline significant: P = 0.0529 for placental malaria; P = 0.0589 for HIV-uninfected infants 

of HIV-seropositive mothers before 24 weeks, P = 0.0746 for HIV-uninfected infants of HIV -

seropositive mothers for age 24-52 weeks; P = 0.0538 for a parasite density t 5000 parasites/^l. 
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Figure 1. Flow chart of inclusion and exclusion of infants from data for analysis 

•Unknown HIV status of the infant because the mother/infant pair never visited or made one 

visit only. 
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Figure 2: Mean hemoglobin in the first year of life by HIV status of mother and the infant, 

Kisumu 1996-2000* 

*Hb: hemoglobin; HIV+: HIV-infected; HIV-: HIV-uninfected; SD: standard deviation. Except 

for week 4, 10 and 12, mean hemoglobin levels in HIV-infected infants significantly less than 

HIV-uninfected infants of HIV-seronegative mothers, and at week 16-32 also significantly less 

than HIV-uninfected infants of HlV-seropositive mothers. At 48 weeks, HIV-uninfected infants 

of HIV-seropositive mothers significantly lower mean hemoglobin compared to HIV-uninfected 

infants of HIV-seronegative mothers 
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Figure 3: Anemia in the first year of life by HIV status of the mother and infant, Kisumu 1996 -

2000* 

*: Hb: Hemoglobin; HIV: human immunodeficiency virus. HIV+: HIV-infected; HIV-: HIV-

uninfected. 

f: Cut-off point anemia age 8 weeks: Hb < 9.4 g/dL, age 16 weeks: Hb < 10.3 g/dL, age 24 

weeks and older: Hb < 11 g/dL. 

J: Chi-square test for Hb 7-8.9 g/dL versus Hb * 7-8.9 g/dL comparing the three groups. 
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Figure 4: Malaria parasitemia and hemoglobin in infants by HIV status, Kisumu 1996 - 2000* 

* HIV: human immunodeficiency virus; HIV+: HIV-infected; HIV-: HIV-uninfected; malaria+: 

parasitemia blood smear; malaria-: no parasites detected in blood smear. 

t Linear regression > 12 weeks, adjusted for maternal age, socio-economic status, placental 

malaria, sex, small for gestational age, prematurity, history of fever, enlarged spleen and 

documented fever 
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Figure 1 
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Abstract 

Objectives: HIV-seropositive pregnant women are more susceptible to malaria than HIV-

seronegative women. We assessed whether HIV infection alters maternal and cord plasma 

malarial antibody responses and the mother-to-infant transfer of malaria antibodies. 

Methods: We determined plasma levels of maternal and cord antibodies [Immunoglobulin 

(IgG)] to recombinant malarial proteins [merozoite surface protein 1 (MSP-1 \9vj3), the 

erythrocyte binding antigen (EBA-175)], the synthetic peptides [MSP-2, MSP-3, rhoptry 

associated protein 1 (RAP-1), and the pre-erythrocytic stage, circumsporozoite protein 

(NANP)5] antigenic determinants of P. falciparum; and tetanus toxoid (TT) by ELISA among 

samples of 99 HIV-seropositive mothers, 69 of their infants, 102 HTV-seronegative mothers 

and 62 of their infants. 

Results: The prevalence of maternal antibodies to the malarial antigenic determinants ranged 

from 18% on MSP3 to 91% on EBA-175; in cord plasma it ranged from 13% to 91% 

respectively. More than 97% of maternal and cord samples had antibodies to TT. In 

multivariate analysis, HIV infection was only associated with reduced antibodies to (NANP)5 

in maternal (P=0.001) and cord plasma (P=0.001); and reduced mother-to-infant antibody 

transfer to (NANP)5 (P=0.012). This effect of HIV was independent of maternal age, 

gravidity and placental malaria. No consistent HIV-associated differences were observed for 

other antigenic determinants. 

Conclusion: An effect of HIV infection was only observed on one malarial antigenic 

determinant, suggesting that the increased susceptibility to malaria among HIV-infected 

pregnant women may not be explained on the basis of their reduced antibody response to 

malaria antigens. 

Keywords: HIV, malaria, pregnancy, immunity, antibody transfer. 
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Introduction 

Malaria in pregnancy is a major problem in sub-Saharan Africa, affecting an estimated 24 

million pregnant women, especially primigravidae.1,2 In malaria-endemic areas, Plasmodium 

falciparum parasitaemia in pregnancy is associated with maternal anaemia and reduced 

birthweight, resulting from premacure delivery and intrauterine growth retardation.3 Low 

birth weight (LBW) is the single most important risk factor for early infant morbidity and 

mortality.4 

During the past 2 decades, HIV/ADDS has emerged as a major problem in many 

malaria-endemic areas of sub-Saharan Africa, where an estimated 28 million people are 

infected.5 Worldwide, it is estimated that 40 million people are infected with HTV and Africa 

south of the Sahara accounts for over two-thirds of the world's HIV-infected persons, and 

80% of the world's HIV-infected women.6 In some areas of sub-Saharan Africa, HIV 

infection rates as high as 25-45% have been reported among pregnant women.6"10 

Given the wide geographic overlap between HIV and malaria, the potential interaction 

between these two important infectious diseases has been the topic of previous 

investigations.7"12 Although in-vitro studies suggest that malaria may increase viral 

replication in the short term,13'15 the concern that the malaria-associated increase in viral 

replication may potentially accelerate HIV-disease progression has not been proven. '6 

However, recent case control17 and longitudinal epidemiologic studies18,19 investigating 

clinical pattern of malaria in HIV-infected persons have shown HTV infection to be associated 

with an increase in frequency of clinical malaria and parasitaemia, particularly among 

individuals with advanced HIV disease (as measured by decreasing CD4 lymphocyte counts). 

The earliest evidence of an interaction between malaria and HIV came from studies among 

pregnant women in sub-Saharan Africa, which showed that HIV-infected women are more 
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likely to be infected with P. falciparum, have higher parasite densities,8"10 higher rates of 

anaemia,20"22 and respond more poorly to intermittent preventive treatment with sulfadoxine-

pyramithamine than HIV uninfected women. 

The precise immunologic mechanism of this increased risk to malaria in HIV-

seropositive pregnant women remains incompletely understood. It has been shown that IFN-

y production by maternal placental (intervillous) blood mononuclear cells (IVBMC) is 

associated with protection against placental malaria,23 and we demonstrated that this response 

is impaired in HIV-positive pregnant women. A more recent study from the same 

population demonstrated that this may be due to impairment of IL-12 responses in IVBMC. 

The current investigation was undertaken to elucidate whether asymptomatic HIV-

seropositive pregnant women also demonstrate weaker plasma antibody responses to malarial 

antigenic determinants than HIV-seronegative women. In addition, we tested antibody levels 

to tetanus toxoid (TT) as a recall antigen. TT vaccination is included in the Kenya Expanded 

Programme on Immunization (KEPI), and is given to all women attending antenatal care 

(ANC) clinic. This study also evaluated the effect of maternal HIV on mother-to-infant 

transfer of malarial and TT antibodies. 

Subjects and methods 

Enrollment procedures and blood collection 

Screening procedures have been described elsewhere.26 Briefly, healthy pregnant women 

with no known underlying disease visiting the prenatal clinic service of the Nyanza 

Provincial General Hospital (NPGH) with an uncomplicated singleton pregnancy of at least 

32 weeks gestation and residing in Kisumu area were invited to participate. After informed 

consent was obtained, a questionnaire was completed to collect information on socio-
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economic status, medical, and obstetrical history. After the client received counselling about 

HIV, blood was obtained by finger prick for HIV testing. Post-test counselling, supportive 

counselling and haematinics were offered to all participating women, and women with 

symptomatic malaria were treated. 

As part of the posttest counselling for HlV-seropositive women, the risk of breast 

milk transmission was discussed. The Ministry of Health policy at the time of the study was 

to recommend continued breastfeeding. Routine use of zidovudine or nevirapine was not the 

Kenyan Ministry of Health policy during the study period and these drugs were not available 

in the Ministry of Health facilities. All screened women were encouraged to deliver at 

NPGH. 

At delivery, infants were weighed to the nearest one gram on an electronic balance 

(Ohaus Florham Park, NJ, USA), and their gestational age assessed by trained study assistants 

using a modified standardized Dubowitz method.27 Newborns were classified as low birth 

weight (LBW) if they weighed <2500g and preterm delivery (PTD) was defined as any 

delivery that occurred before 37 completed weeks of gestation.28 A placental thick blood 

smear was prepared using blood collected from a deep incision on the maternal side of the 

placenta. Maternal capillary and cord blood samples were collected within 12 hours of birth 

into EDTA anticoagulant containing Vacutainer® tubes (Becton Dickinson, Oxnard, 

California, USA) for antimalarial serology. Plasma was separated from blood and aliquots 

were stored at -70°C until laboratory procedures were performed. 

The HlV-seropositive and seronegative women included in this sub-study were all 

enrolled in the larger epidemiologic study of the effect of placental malaria on mother-to-

child transmission of HIV who delivered at NPGH between April 1997 through October 

1997. Only the first 207 women (103 HIV seropositive and 104 HIV seronegative women) 
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from whom a sufficient volume of plasma was available for the several laboratory tests were 

included in this analysis. 

HIV serology, malaria parasitaemia and antibody determination 

HIV testing was done using two rapid tests: an initial Serostrip HTV-1/2 [Saliva 

Diagnostic Systems (Singapore) Pte Ltd] and a confirmatory Capillus HIV-l/HrV-2 

(Cambridge Diagnostics, Wicklow, Ireland Ltd) on all samples that tested positive by 

Serostrip. Samples not reactive with the initial Serostrip HTV-1/2 test were considered 

HTV-seronegative. Samples reactive on both rapid tests were considered seropositive for 

HIV antibodies. Sequential testing of samples using both methods has been shown to 

have a high sensitivity and specificity for detection of antibodies to HIV.29 Samples with 

discordant results on the two rapid tests were further evaluated by Western blot 

(Cambridge Biotech, Rockville, MD, USA), and those reactive with Western blot were 

considered HTV-seropositive. Samples indeterminate on Western blot were excluded 

from analysis. 

At delivery, placental thick blood smears were stained with 10% Giemsa for 10 

minutes and examined under oil immersion for malaria parasites. A thick smear was 

considered negative if 100 microscopic fields revealed no parasites. Malaria parasites 

and leucocytes were counted in the same fields until 300 leucocytes were counted. 

Parasite densities were estimated using an assumed count of 8000 white blood cells per 

microliter of blood. 

Antibody response to 9 P. falciparum synthetic malarial antigenic determinants (8 

erythrocytic and one pre-erythrocytic stage) was tested. The erythrocytic stage antigenic 

determinants included two recombinant forms, the yeast-expressed merozoite surface Protein-
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1 (MSP-1 i9kD), corresponding to the E-KNG variant]; and the erythrocyte binding antigen 

(EBA-175), a baculovirus-expressed protein encoding the entire cysteine-rich Region II 

(amino acids 144-753) of the 3D7 strain of P. falciparum31 The peptides forms used were 

six antigenic determinants each containing 20 amino acids oequences. They included two 

antigenic determinants of the merozoite surface protein-2 (MSP-2) [(CDC code, 1254 and 

1268)], whose amino acids sequences were (ESISPSPPITTTESSKFWQC) and 

(GAGGTAGGSAGGSAGGSAGG) respectively;32 two antigenic determinants of the 

merozoite surface protein-3 (MSP-3) [CDC code 1690 (AKEASSYDYILGWEFGGGVP) 

and 1704 (TLAGLIKGNNQIDSTLKDLV)];33 and two antigenic determinants of the rhoptry 

associated protein-1 (RAP-1) [CDC code 1426 (GLKSSSPSSTKSSSPSNVKS) and 1487 

(FFKEMRIQYAKLINTRYRSH)].34 These nine malarial antigenic determinants are 

expressed by asexual blood-stage parasites during red blood cell invasion. The pre-

erythrocytic stage peptide used was the circumsporozoite protein (CSP), consisting of the five 

repeats of the amino acid sequence (NANP)j, a major protein expressed on the surface of 

sporozoites.35 

These nine antigen constructs, representing 6 malarial antigens (CSP, MSP-1, MSP-2, 

MSP-3, RAP-1, EBA-175), were chosen because studies have shown them to contain B-cell 

epitopes (determinants) that are recognized by sera of malaria-exposed individuals. , 

Antibodies to these 6 malaria antigens are thought to play an important role in inducing 

immunity to P. falciparum. Consequently, they are envisaged as leading candidates for 

inclusion in a malarial vaccine.36 The peptides were synthesized at the Centers for Disease 

Control and Prevention (CDC)-Biotechnology Core Facility in Atlanta, GA, USA, based on 

the amino acid sequence of clones of P. falciparum parasites obtained from the Asembo Bay 

area of western Kenya and were purified to greater than 95% by high performance liquid 
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chromatography. As a quality control, plasma samples were also tested for antibodies to the 

universal TT antigen (Accurate Chemical and Scientific Corp., Westbury, NY), which was 

used as a recall antigen. 

Antibodies to the malarial antigenic determinants and TT in maternal and cord plasma 

were assessed by enzyme-linked immunosorbent assay (ELISA). Briefly, 96-well flat-

bottomed Immulon-2 microtiter plates (Dynex Technologies, Chantilly, VA, USA) were 

coated with 100 |il/well of antigen at a concentration of 25 ng/ml in borate buffer solution 

(BBS) (Sigma Chemical Co., St. Louis, MO) at pH of 8.0, containing 0.005% bovine serum 

albumin (BSA), and incubated overnight at 4°C. The next day, the coating solution was 

discarded and wells washed four times with 200|il/well of BBS containing 0.05% BSA and 

0.005% Tween (BBS-BSA-T) with a 10-min incubation between the washes. Extra binding 

sites on the plate were blocked with 200 nl/well of BBS-BSA-T, containing 5.0% non-fat 

milk for 1 hr at room temperature (RT), after which the plates were washed as before with 

phosphate buffer solution (PBS) at pH=7.2. For detection of antibodies to MSP-1, the test 

plasma was diluted at 1:100 in a high salt PBS (29g/L) at pH=7.4, containing 0.05% Tween 

and 5.0% non-fat milk. For detection of antibodies to other malarial antigenic determinants 

and tetanus toxoid, the test plasma were diluted at 1:100 in PBS with 0.005% Tween and 5% 

non-fat milk. 

One hundred fj.1 of the diluted plasma was added to duplicate wells and plates 

incubated at RT for 1 hr. After incubation and washes, total IgG was assayed with 

horseradish peroxidase (HRP) goat anti-human IgG (Fisher Scientific, Pittsburgh, PA) at a 

dilution of 1:2000. Bound enzyme was detected with HRP substrate, [3,3,'5,5'-

tetramethylbenzidine (TMB) hydrogen peroxide substrate (Microwell Peroxidase Substrate 

System; Kirkegaard and Perry Laboratories, Gaithersburg, MD)]. After 10 min. the reaction 
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was stopped with 100ul/well of 1M phosphoric acid, and the resulting colour expressed as an 

optical density (OD) by an ELISA plate reader (Molecular Devices, Menlo Park, CA) set at 

an absorbance of 450 nm (A450). To minimize the plate-to-plate and day-to-day variations, all 

the test samples from different groups (i.e., samples of HIV seropositive and seronegative 

women) were run on the same plate at the time an ELISA test was done, and each plate 

contained positive (an amalgam of plasma of hyper-immune healthy adults from western 

Kenya) and negative (plasma of U.S. residents who were never exposed to malaria) control 

plasma. Four negative control plasma samples were used per test. 

Ethical clearance 

This study was approved by the institutional review boards of the Kenya Medical Research 

Institute (KEMRT), the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia 

(USA) and the Academic Medical Centre (AMC), University of Amsterdam, Amsterdam, 

The Netherlands. 

Data analysis and statistical methods 

To create a referent for the antibody levels, the mean optical density (OD) of duplicate test 

plasma was determined. If our sample had a value greater than or equal to the mean OD of 

the negative control plasma samples plus 2 standard deviations, this sample was considered to 

have a positive reaction to the antigenic determinant. The concentration of the antibody in 

the sample is considered to be proportional to the value of the OD determined by the ELISA 

test. 

Pearson's Chi square test was used to compare the proportion of positive responders 

by maternal HIV status. If antibodies to the test antigen were detected in maternal peripheral 
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and in the cord plasma, mother-to-infant antibody transfer was assumed. The logarithm of 

the antibody transfer ratio i.e., logio (maternal peripheral/cord antibody level) is used to 

quantify this transfer. 

OD levels were compared using the Wilcoxon test. A nonparametric multiple 

generalized linear model was used to assess for confounding and effect modification, and 

compute adjusted mean rank scores of OD values with their 95% confidence interval (CI). 

No evidence of effect modification for HIV and gravidity or HIV and age was found. All 

statistical analyses were performed using SAS (Version 8.0, SAS Institute, Cary, North 

Carolina, USA). 

Results 

Overall, 1135 women delivered between April 1997 and through October 1997. Of these, 28 

women had no HIV-result and 20 had no placental malaria results respectively, and were 

excluded from the analysis. HIV seroprevalence among the remaining women was 27.1% 

(295/1087); 17.7% (192/1087) of those had placental malaria. HTV-seropositive women were 

more likely to have placental malaria when compared with HIV seronegative women 25.1% 

(74/295) versus 14.9% (118/792) [risk ratio (RR), 1.7; 95% confidence interval (CI), 1.3-2.2; 

P < 0.001]. Of the 1087 women with known HTV-status and placental malaria results, the 

first 207 (103 HIV-seropositive and 104 HIV-seronegative) women with sufficient plasma 

volume for assessment of the several malarial antigenic determinants were selected. On six 

of these 207 women (2.9%), the malarial serology results were incomplete (4 HIV-

seropositive and 2 HIV-seronegative); they were thus excluded from further analysis. The 

remaining 99 HIV-seropositive and 102 HIV-seronegative women with malarial antibody 

results available were included in the final analysis. Their descriptive characteristics are 
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shown in Table 1. Compared with HIV seronegative women, HIV seropositive women were 

less likely to be primigravidae, more likely to be older or give birth to infants of a higher 

gestational age, and more likely to have placental parasitemia of low density (Table 1). 

Regardless of the HIV status, most maternal and cord blood samples had antibodies to 

most antigenic determinants tested, except for antibodies to the synthetic peptide MSP3 

(1704) and RAP1 antigenic determinants, where the prevalence was less than 50% (Figure 1). 

As expected, antibodies to the universal TT recall antigen were detected in most of the 

maternal and cord plasma samples (> 97%). 

Maternal antibody response 

Maternal HIV infection was associated with significantly reduced maternal malarial antibody 

responses to MSP2 (1268) and (NANP)S both by prevalence of the response (Figure 2a) and 

concentration of antibodies (Table 2). Reduced antibody concentrations were also observed 

to MSP2 (1254) and TT. Apart from a significant raise in the prevalence of anti-MSP3 

(1704) (Figure 2a), the prevalence and concentration of maternal antibody to the other 

antigens were similar among HIV-seropositive and HIV-seronegative women (Figure 2a and 

Table 2). 

Cord antibody response 

Maternal HIV infection was associated with significantly lower cord antibody levels to 

(NANP)5, but not to MSP2 (1268) and (1254) (Figure 2b and Table 2). By contrast, antibody 

levels to MSP-1 and EBA-175 were higher in cord blood from children bom to HIV 

seropositive mothers. 
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Mother-to-infant antibody transfer 

The mean maternal/cord antibody ratios are shown in Table 3. Maternal HIV seropositivity 

was associated with a significant reduction of mother-to-infant transfer of antibodies to MSP3 

(1690) and (NANP)s. No HIV-associated effect difference was observed for the other 

antigenic determinants (Table 3). 

Multivariable analysis 

In a nonparametric multiple generalized linear model that adjusted for maternal age and 

gravidity, HIV infection was independently associated with reduced maternal antibody levels 

to (NANP)s and TT (Table 4A), and cord antibody levels to RAP1 (1426) and (NANP)5 

(Table 4B). In addition, HIV infection was also associated with a reduced mother-to-infant 

transfer of maternal antibodies to (NANP)5. By contrast, maternal HIV infection was 

associated with raised maternal and cord antibody levels to EBA-175 determinant (Table 4C). 

No effect was seen with any of the other antigenic determinants. 

Discussion 

We evaluated the effect of maternal HIV infection on maternal and cord antibody response to 

nine malarial antigenic determinants and TT at delivery, among pregnant women living in a 

holoendemic area for malaria. Our study showed a high prevalence of maternal total IgG to 

various malarial antigenic determinants and TT. This indicates that previous exposure to 

malaria infection in this area of western Kenya with high transmission pressure37,38 results in 

appreciable high antibody responses to malaria, and consistent with findings elsewhere, the 
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prevalence of antibodies in the cord blood mirrored that of maternal blood, although the cord 

blood concentrations were consistently lower than the maternal levels. 

This study showed that maternal HIV infection affected maternal and cord antibodies' 

responses to TT and two of the malarial antigens tested. Of the nine malarial antigens tested, 

the prevalence of maternal antibodies to MSP2 (1268) and maternal and cord antibodies to 

(NANP)s was significantly lower among HIV seropositive women, with impaired mother-to-

infant transfer of maternal antibodies to this same malarial antigen. The converse was true 

for maternal and cord antibody levels to EBA-175 determinant, and these effects were 

independent of gravidity and maternal age. Even though a reduction in antibody transfer was 

observed on antibodies to MSP3 (1690), this effect was not statistically significant in the 

multivariable analysis. No effect of maternal HIV status and maternal/cord transfer of 

antibodies was observed with any of the other seven malarial antigens. In addition, the 

prevalence and concentration of maternal and cord antibodies to MSP3 (1704) were very low, 

suggesting that this antigenic determinant is not very immunogenic in our study population. 

Similar results were obtained when analysis was repeated using parametric tests on the log-

transformed data. Thus the lack of power associated with the use of non-parametric tests are 

unlikely to explain the lack of difference found in most of the antigens tested in this study. 

Our results thus suggest that among asymptomatic seropositive women, the HIV has no effect 

on the maternal humoral immune response and on mother-to-infant transfer of maternal 

antibodies. Our findings are consistent with those of earlier studies in non-pregnant adults, 

and support previous reports that levels of total IgG to malarial antigens are not affected by 

asymptomatic HIV infection.40"42 

One possible exception may be the antibody response to (NANP)s, from the P. 

falciparum circumsporozoite protein. The clinical significance of our finding of reduced 
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antibodies with maternal HIV infection with regard to susceptibility to malaria in infancy is 

unclear. Whereas antibodies to blood stage malarial antigens have been found to be 

associated with protection against high-density parasitaemia and clinical malaria in some 

studies,43Ai the protective effect of (NANP)5 in preventing blood-stage infections is 

controversial,46"49 particularly given that it may not prevent blood stage infections from 

occurring at high sporozoite inocula, such as in the peak transmission seasons. 

Studies have shown reduced humoral41 and cellular51 immune responses to occur 

among individuals with clinical AIDS manifestation, and these observations are consistent 

with those of recent case control17 and longitudinal'8'19 epidemiologic studies investigating 

the clinical pattern of malaria in HIV-infected persons, which have shown advanced HIV 

disease (as measured by decreasing CD4 lymphocyte counts) to be associated with an 

increase in the incidence of clinical malaria and increased parasite densities. In our current 

study, information about CD4 lymphocyte count was available for only 93 women, and 

because of our selection criteria, only 4.3% (4/93) had CD4 T cell counts <200/(il. Thus the 

small numbers precluded an evaluation of the degree of immunosuppression on antibody 

responses. Higher maternal and cord antibody levels to the EBA-175 determinant was 

observed among HIV seropositive women. HIV infection is known to enhance B cell 

polyclonal activation during early infection,52 but this stimulation appears not to extend to all 

B cells, as we observed no effect to the other malarial antigenic determinants. 

Even though previous epidemiologic observations indicated that the HIV-associated 

increased risk of maternal malaria in pregnancy was most pronounced in multigravidae, we 

did not find the effect of HIV infection on antibody response to be related to gravidity (data 

not shown), and this is consistent with recent observations that demonstrate that maternal 

HIV infection increases the risk of malaria in women of all gravidities in our study population 
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(van Eijk AM, Unpublished). In a further analysis, placental malaria (regardless of the 

density) had no effect on any of the parameters investigated (data not shown). 

Vaccination of pregnant women with TT is the most cost-effective strategy for 

prevention of tetanus neonatorum.53 Our observed reduced maternal antibodies to TT 

associated with maternal HIV infection may be a source of concern and require further 

evaluation.54 However, the observed lack of an impact of maternal HIV status on 

maternal/cord transfer of TT antibodies is encouraging and consistent with findings reported 

elsewhere.55'56 

We previously reported an HIV-mediated dysregulation of cytokine responses at the 

level of the placenta, affecting protective cellular immune responses to placental malaria.24 

Our current analysis presented here does not suggest an additional impairment of the humoral 

immune response. However, the significance of reduced maternal and cord antibody levels to 

(NANP)5 observed in our current investigation needs to be evaluated in further studies. 
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Figure 1. The prevalence of antibody seroreactivity to antigenic determinants 

in maternal and cord plasma§, Kisumu, western Kenya, April 1997-October, 

1997. 

MSPl EBA-175 MSP2 MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 
(1254) (1268) (1690) (1704) (1426) (1487) 

• Maternal 
Antigenic Determinants 

O Cord 

'Maternal plasma samples tested were 201, except for MSP2 (1268), RAP1 (1426) and EBA-175: 182 and 

MSP3 (1690) and MSP3 (1704): 191 samples tested. Cord plasma samples tested were 131, except for 

MSP2(1268), RAP1 (1426) and EBA-175: 112 samples tested. 
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Figure 2. Percentage of maternal and cord plasma responders to tested antigenic 

determinants by maternal HIV status. 

(a) Maternal blood' 

EBA-175 MSP2 MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 

(1254) (1268) (1690) (1704) (1426) (1487) 

Antigenic Determinants • Hrv(+) 
a Hrv(-) 

(b) Cord Blood1 

100n 

MSP1 EBA-175 MSP2 
(1254) 

MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 
(1268) (1690) (1704) (1426) (1487) 

Antigenic determinants • HIV(+) 
O HIV(-) 

•Maternal HIV(+) samp les were 99, except MSP2 (1268), RAP1 (1426) and EBA that were 88. 
Maternal HIV(-) samples were 102, except MSP2 (1268), RAP1 (1426) and EBA that were 94. 
Cord blood I HIV(+) samples were 69, except MSP2 (1268), RAP1 (1426) and EBA that were 58. 
Cord blood HI V(-) samples were 62, except MSP2 (1268), RAP1 (1426) and EBA that were 54. 
* Statistically significant P < 0.05. 
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Table 1. Study population by maternal HIV status 

Maternal HIV Status N = 201 

HIV+ HIV-

n = 99 n=102 

(49.0%) (51.0%) 

P-value 

Primigravidae (%) 

Median maternal age [years (interquartile range)] 

(range) 

Median gestational age [Wks (interquartile range)]3 

Prematurity (%) 

Median birth weight 

[g (interquartile range)] 

Low birth weight (%) 

Median parasites/|il (interquartile range) 

36.9' 50.5 

(2900-3489) (2860-3501) 

(6.1) (2.9) 

0.04 

22.0(20-26) 20.0(18-22)' <0.01 

(15-38) (15-38) 

39.0 (38-40) 38.0 (37-39) 0.02 

(8.2) (16.7) 0.07 

3205 3112 0.73 

0.28 

392(82-2894) 514(82-2085) <0.01 

Significantly different by Chi-square and *Wilcoxon-test respectively. 

"Gestational age was estimated by the modified Dubowitz method.27 
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Table 2: Median optical density (OD) (IQR) to antigenic determinants in 

maternal and cord blood stratified by maternal HIV status 

Antigen Maternal n (%) Cord n (%) 

HIV- HIV+ HIV- HIV+ 

MSP-1 

Median OD 0.466 0.462 0.399 0.551 

(IQR) 0.294-0.646 0.191-0.638 0.207-0.584 0.155-0.691 

P value 0.43 0.04 

EBA-175 

Median OD 0.489 0.547 0.447 0.562 

(IQR) 0.331-0.597 0.423-0.621 0.193-0.602 0.409-0.632 

P value 0.08 0.03 

MSP-2 

(1254) 

Median OD 0.581 0.509 0.552 0.518 

(IQR) 0.327-0.697 0.262-0.624 0.294-0.661 0.207-0.689 

P value 0.04 0.63 

MSP-2 

(1268) 

Median OD 0.439 0.338 0.330 20.302 

(IQR) 0.180-0.615 0.131-565 0.008-0.513 0.118-0541 

/"value 0.25 0.51 

MSP-3 

(1690) 

Median OD 0.190 0.177 0.122 0.136 

(IQR) 0.007-0.427 0.008-0.385 0.005-0.326 0.004-0.279 

P value 0.54 0.58 
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MSP-3 

(1704) 

RAP-1 

(1426) 

RAP-1 

(1487) 

Median OD 

(IQR) 

P value 

Median OD 

(IQR) 

P value 

Median OD 

(IQR) 

P value 

0.007 

0.004-0.127 

0.007 

0.003-0.120 

0.36 

0.007 

0.002-0.136 

0.23 

0.139 

0.101-0.263 

0.009 

0.005-0.165 

0.161 

0.106-0.247 

0.55 

0.005 0.004 

0.002-0.009 0.001-0.009 

0.41 

0.005 0.009 

0.00-0.008 0.004-0.140 

0.011 

0.144 0.137 

0.007-0.322 0.006-0.291 

0.82 

(NANP)s 

TT 

Median OD 0.267 0.182 0.201 0.100 

(IQR) 0.125-0.512 0.007-0.365 0.01-0.408 0.004-0.229 

P value 0.002 0.002 

TT: 

OD: 

Median OD 

(IQR) 

lvalue 

tetanus toxoid 

optical density 

0.640 0.622 

0.610-0.717 50.584-0.711 

0.02 

0.638 0.661 

0.604-0.682 0.573-0.715 

1.00 

IQR: interquartile range 
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Table 3. Maternal/cord mean antibody transfer ratio by maternal HIV status 

Antigen sMaternal:Cord ratio 

MSP-1 

EBA-175 

MSP-2(1254) 

MSP-2(1268) 

MSP-3 (1690) 

MSP-3(1704) 

RAP-1 (1426) 

RAP-1 (1487) 

(NANP), 

TT 

HIV-

1.1 

1.1 

1.1 

1.0 

1.1 

1.1 

1.0 

1.1 

1.0 

0.9 

H1V+ 

0.9 

0.9 

1.1 

1.1 

1.2 

1.1 

1.1 

1.1 

1.1 

1.0 

P Value' 

0.29 

0.70 

0.43 

0.52 

0.04 

0.66 

0.19 

0.15 

0.02 

1.00 

Wilcoxon test 
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Table 4. Effect of maternal HIV on maternal and cord antibody levels and on 

mother-to-infant antibody transfer, multivariate analysis* 

(A) 

Maternal antigen 

MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

1426 

1487 

(NANP)s 

TT 

Mean Rank Score (95%CI) 

HIV+ 

98(86-109) 

100(88-110) 

94(82-105) 

88 (76-99) 

98(86-109) 

98(86-109) 

96(84-107) 

105(94-117) 

87 (76-99) 

90(79-102) 

H1V-

104(93-116) 

84 (73-95) 

108 (97-120) 

95 (84-106) 

104(93-116) 

104(93-116) 

88 (77-99) 

97(85-108) 

114(103-125) 

111 (100-123) 

Partial R2 

0.3% 

2.3% 

3.3% 

2.0% 

1.0% 

1.5% 

1.1% 

2.4% 

5.0% 

3.3% 

P-Value 

0.436 

0.05 

0.084 

0.340 

0.436 

0.438 

0.302 

0.314 

0.001 

0.013 

(B) 

Cord MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

72(63-81) 

63 (55-72) 

64(55-73) 

58 (49-67) 

65 (56-74) 

64 (55-73) 

60 (50-69) 

49 (40-58) 

68(57-78) 

55 (46-64) 

67 (58-77) 

69 (59-78) 

4.1% 

5.0% 

0.7% 

0.7% 

2.0% 

0.8% 

0.075 

0.022 

0.517 

0.602 

0.740 

0.484 
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1426 

1487 

(NANP); 

TT 

63(55-72) 

66(56-75) 

55(47-64) 

66 (56-75) 

49 (40-58) 

66 (57-76) 

78(67-87) 

66 (57-76) 

6.7% 

0.7% 

9.0% 

0.5% 

0.023 

0.917 

0.001 

0.875 

(C) 

Antibody 

transfer 

MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

1426 

1487 

(NANP), 

T T 

63 (54-72) 

100(88-110) 

69 (60-78) 

59(51-68) 

72(63-81) 

68(58-77) 

60 (52-69) 

72(63-81) 

74(65-83) 

O u y j t - i j ) 

70 (60-79) 

83 (73-95) 

62 (53-72) 

53 (45-62) 

59 (49-69) 

64 (54-74) 

52(43-61) 

60 (50-69) 

57 (47-67) 

66 (57-76) 

1.0% 

2.3% 

2.4% 

2.4% 

3.3% 

0.2% 

3.0% 

3.6% 

5.2% 

n i o / 
\J.4. /Q 

0.325 

0.050 

0.302 

0.336 

0.050 

0.616 

0.225 

0.079 

0.012 

0.962 

Adjusted for gravidity, maternal age, residence (urban versus semiurban), and history 

of antimalarial use in the current pregnancy. 
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General Discussion 

The main objective of the research described in this thesis was to investigate the effects 

of maternal malaria and HIV in pregnancy on maternal and infant health in western 

Kenya. First we determined the efficacy of the different regimens of intermittent 

preventive treatment (LPT) with sulfadoxine-pyramithamine (SP, Fansidar®) in the 

prevention of placental malaria. We examined whether maternal HIV infection modified 

the efficacy of IPT with SP, and whether the risk of adverse effects associated with SP 

use was enhanced in HIV-infected pregnant women (chapter 2). In a separate study, we 

further evaluated the effects of dual infection with malaria and HIV on HIV viral loads 

and the risk of perinatal mother-to-child HIV transmission (MTCT) (chapter 3). The 

second study presented an ideal opportunity for additional sub-studies that looked at the 

impact of concurrent infections with HIV and malaria on maternal and infant health 

(chapters 4-8). This chapter aims to assist policy makers in public health in the 

interpretation and extrapolation of the main findings as presented in specific research 

papers of this thesis, and assist researchers to identify areas of future work. The 

discussion will be presented under three headings: lessons leamt and conclusions, 

implications for public health and policy and future research. 
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Suliadoxine-pyramith amine for prevention of placental malaria 

Lessons learnt and conclusions 

In western Kenya, a setting of intense malaria transmission and high prevalence of HIV 

infection, we observed that intermittent treatment with either monthly dosing or two 

doses of SP in the second or third trimester of pregnancy were well tolerated and were 

effective in reducing the frequency of placental malaria, in primigravidae and 

secundigravidae (chapter 2). Overall, compared with women receiving the standard of 

care (case management [CM] using standard treatment with SP for fever illness and 

parasitemia), women receiving a presumptive intermittent treatment regimen experienced 

an approximate three-fold reduction in placental parasitemia. The prevalence of 

parasitemia among women receiving one of the intermittent SP regimens was 9-11%, 

comparable to rates measured in similar trials using effective antimalarials in pregnant 

women [1,2]. Because of the large sample sizes required to sufficiently examine the 

effect of a single factor on low birth weight (LBW) and because of the demonstrated 

association between malaria and LBW, our study was designed to use placental malaria 

rates as a surrogate measure for LBW risk. 

HIV infection in these pregnant women was accompanied by somewhat higher 

rates of malaria and poorer response to PPT with SP. HIV-positive women had a higher 

prevalence of peripheral parasitemia at enrollment and although a single initial dose of 

SP had a marked impact on peripheral parasitemia, its efficacy in clearing placental 

malaria was diminished in the presence of HIV infection. Steketee et al. also noted 

higher prevalence of peripheral and placental parasitemia in HIV-positive compared with 
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HIV-negative pregnant women in rural Malawi [3], and as did subsequent studies in 

Malawi by others [4] as well as our studies in western Kenya [5]. HIV-positive women 

required at least three doses of SP to decrease the prevalences of placental malaria to 

acceptable levels, and this has also been confirmed by studies from Malawi [6]. One 

possible explanation for the impaired response to intermittent SP treatment seen among 

HIV-positive women is that the response to antimalarial drugs depends on both drug 

efficacy and host immunity [7] and, during pregnancy; HIV infection impairs host 

immunity to malaria. 

SP was well tolerated, with no statistically significant differences in the frequency 

of ADRs among HIV-positive, as compared with HIV-negative, women. This finding is 

also consistent with other recent studies in this region [6,8]. More importantly, even 

among HIV-positive women, the rate of adverse drug reactions (ADRs) reported 

remained very low (3%), and no severe cutaneous adverse reactions were noted. The 

most common concern regarding the use of SP during pregnancy is that its use in late 

pregnancy may displace bilirubin from albumin in the neonate and thus, contribute to 

kernicterus [9]. This concern stems from one study that demonstrated an increased 

incidence of kernicterus in neonates treated with a sulfonamide, in combination with 

several other drugs, within a short period before delivery [10]. Although our study was 

not specifically designed to address this concern (e.g. bilirubin levels were not measured) 

we did not find an excess risk if clinically jaundiced infants born to mothers who had 

received IPT, which is consistent with all other studies of IPT with SP for the control of 

malaria in pregnancy [6,7,11,12]. We conclude, that in areas with high P. falciparum 

malaria transmission, the benefit of SP in reducing malaria-associated maternal anemia 
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and LBW and thus potentially, infant mortality, appears to outweigh the risk for rare, 

albeit serious, SP-related ADRs. 

Implications for public health and policy 

The results of this investigation, coupled with those from the study of SP's efficacy in 

pregnant Malawian women [6,13], provide strong evidence that IPT with SP during 

pregnancy is safe and efficacious for the prevention of placental malaria in pregnant 

primigravidae and secundigravidae in sub-Saharan Africa. While two doses of SP 

provided sufficient protection in HW-negative women even in the very high P. 

falciparum transmission area, HrV-positive women required at least three doses of SP to 

sufficiently clear their infections. Given that it is not yet feasible to provide informed 

HIV testing to all pregnant women in many circumstances in malaria-endemic 

developing countries, we suggest that a monthly SP regimen be provided in areas with 

high HIV seroprevalence in women of childbearing age. 

In a decision-analysis model comparing the cost-effectiveness of the three 

different presumptive SP treatment regimens, which considered the factors HIV 

seroprevalence, placental malaria prevalence, LBW incidence, the cost of SP, medical for 

LBW infants, and HIV testing, we showed that in areas with an HTV seroprevalence of 

more than 10%, as is the case in most parts of sub-Saharan Africa, the monthly SP 

regimen would be the most effective strategy for reducing LBW associated with malaria, 

costing US $14, a cost well within the range considered cost-effective [14]. Based on the 

results of our study (Chapter 2), the Kenya government implemented the findings into 

policy and incorporated the 2-dose LPT with SP within its antenatal care delivery package 
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[15], and was implemented at the Nyanza Provincial General Hospital effective from 15 

March 1999. 

We evaluated how well the benefits of IPT with SP can be achieved under 

operational conditions of public programmeswithin the first year after its introduction, as 

new policy for the control of malaria in pregnancy at the Nyanza Provincial General 

Hospital, in Kisumu, western Kenya. We aimed to identify amendable factor associated 

with incomplete IPT in order to improve the delivery of this efficacious treatment (van 

Eijk and others Unpublished). Our evaluation found that two-thirds of women attending 

ANC and delivering in this hospital received at least 1 dose, but fewer than one-in-four 

received the recommended full 2 dose regimen. Whereas late first antenatal clinic 

attendance (^28 weeks) explained 29.4% of missed doses, we could not explain why 

52.6% of 494 women who did come early and made more frequent visits to the antenatal 

clinic did not receive SP treatment as recommended. We concluded that it was important 

that pregnant women are made aware about the benefits of an early visit to the ANC, so 

they can report early to the ANC, start the first SP dose early in pregnancy and receive 

the full IPT. In addition, the training of the ANC staff on the rationale, process and 

documentation of IPT will also have the potential to substantially increase the proportion 

of women receiving 2-doses of IPT with SP. 

Future research 

Although these results are reassuring, as African countries move toward the use of SP for 

prevention of malaria in pregnant women, and for first-line treatment of uncomplicated 

malaria, it will be essential to set up surveillance systems for safety monitoring of the 
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effects of the long term use of these regimen. There is also the need to assess the efficacy 

of two doses of SP over a range of differing transmission intensities. Results from 

Malawi showed that most women who received 2 doses of SP during pregnancy had 

placental parasitaemia, and suggest that this regimen may not be adequate for areas of 

high malaria transmission in sub-Saharan Africa. This needs to be confirmed in a 

randomized controlled trial to assess the two-dose versus three or monthly doses in these 

intense transmission settings. Even though the use of SP in pregnancy is unlikely to 

contribute significantly to the emergence of drug resistance as its use in pregnancy will 

only form a small part of the total use and because use in pregnancy will not be 

continuous, the likelihood of emergence of resistance can not be overlooked. 

In addition, there is concern that large-scale use of trimethoprim-

sulfamethoxazole (cotrimoxazole) for opportunistic infection prophylaxis among HIV-

infected individuals might accelerate the development of Plasmodium falciparum 

resistance to SP [ 16]. Conversely expanding use of SP may contribute to the 

development of resistance to cotrimoxazole by other pathogens, such as Streptococcus 

pneumoniae [17]. Cotrimoxazole is already widely used in sub-Saharan Africa as part of 

the integrated management of childhood illnesses for the presumptive treatment of 

pneumonia [17,18]. The issue is a complex one, and the extent to which the considerable 

short-term benefits from prophylactic use of cotrimoxazole for HIV/ADDS outweigh the 

long-term risks of increasing rates of resistance to both antifolates in malaria and other 

common infections remains to be determined [18-20]. Thus, both HIV and malaria 

control programmes need to carefully monitor the efficacy of these drugs. 
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Maternal malaria and perinatal HIV transmission 

Lessons learnt and conclusions 

This evaluation of perinatal HIV transmission in a malarious area of western Kenya 

demonstrated that 20% of infants born to HIV-infected mothers acquired HIV by 4 

months of age. While it is possible that some of the observed MTCT was from 

breastfeeding, the 20% rate of early MTCT noted in our study is similar to rates reported 

in other sub-Saharan African settings [21-23] and other settings elsewhere [24]. 

Nevertheless the 20% MTCT risk is among the lower risks reported from sub-Saharan 

Africa. This is likely to be function of our study design, which excluded women with 

symptomatic HIV infection, resulting in a selection of women with less advanced HTV 

disease and lower viral loads. In the full cohort of HIV-infected women, we identified in 

a multivariate model that maternal viral load in peripheral blood at the time of delivery 

and having an episiotomy or perineal tear were risk factors for MTCT. MTCT was seen 

within all levels of viral load, but was associated with a 1.7-fold increased risk with each 

logio increase in viral load. While our study may have enrolled a population of pregnant 

women with attention to the evaluation of malaria, our basic investigation of MTCT is 

consistent with other studies that did not focus on malaria. 

Contrary to our apriori expectations, we observed that, overall; women with 

placental malaria had lower rates of MTCT than women without placental malaria. 

Because this was an unexpected finding, we further examined the relationship and found 

that only low placental parasite density (1-9999 parasites/(il of blood) was associated 

with protection from MTCT; and high density placental infection was either a risk factor 
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for MTCT (in the model evaluating only women with HIV and placental malaria) or it 

was not a significant risk or protective factor for MTCT (in the model evaluating all 

women). Further evaluation of possible confounders or interactions with gravidity, 

maternal age, previous antimalarial treatment, maternal anemia, birth weight or 

gestational age of the infant did not alter these findings. 

Because we observed reduced risk of MTCT among women with low density 

placental malaria, we hypothesize that in this malarious African setting, HIV-infected 

women with malaria at the time of delivery will have responded to this infection in 

several different ways. The majority of these women will mount a substantial immune 

response to malaria (involving antibody, cytokine, and cellular responses [25,26] and 

control and limit the density of placental infection, and the stimulated malaria immune 

response may also augment the immune response directed against HIV, and thus limit the 

likelihood of MTCT. Women with placental malaria who were unable to limit parasite 

density may have lacked the ability to mount an effective immunologic response, their 

high density malaria infection may have provided substantial antigen stimulus, leading to 

increased HIV viral replication as observed by other studies [27-29], and a comparable 

increased risk of MTCT. Or, their higher density parasitaemia may have altered the 

placental integrity, with one or more of these factors leading to higher rates of perinatal 

MTCT. 

Implications for public health and policy 

The public health implications of this protective association, if its causal association can 

be confirmed in further studies, will likely be small. In this study population, for the 
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majority of dually infected women the overall outcome may have a modest benefit for 

MTCT reduction, but for the minority with insufficiently controlled infections, MTCT 

will be increased. At this point, we do not appear to be able to differentiate, in advance, 

which women will end up in which group. And, the important benefit of antimalarial 

treatment may be to reduce the likelihood of women having high-density PM and in also 

helping reduce the other known adverse effects of malaria in pregnancy, including 

anemia, low birth weight and prematurity [30-32]. The observations that maternal viral 

load; and conditions associated with foetal exposure to maternal blood (having an 

episiotomy or perineal tear) stand out strongly as significant and independent predictors 

of peripartum MTCT points to the fact that a combination of interventions, well targeted 

at specific factors, could lead to a reduction in MTCT. Interventions among pregnant 

women using short treatment courses of zudovudine, and/or in combination with the 

newer, potent antiretroviral agents such as nevirapine that have been shown to decrease 

viral load to low levels should be able to be effective in preventing MTCT in resource 

poor settings such as western Kenya [33-35]. In addition, the population attributable 

fractions of episiotomy or perineal tear for MTCT suggests that reducing these events 

will substantially reduce the risk of perinatal HIV infection in this setting. 

Future research 

The findings in this study were unexpected and the association and protective 

mechanisms of low density placental malaria observed in our investigation needs to be 

confirmed and evaluated in further studies. 
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Effects of malaria and HIV in pregnancy on maternal and infant health 

Lessons learnt and conclusions 

The sub-studies presented in this thesis (chapters 2 and 5) show that, consistent with 

other studies [3,4], HIV-seropositive women were more likely to have malaria parasites 

than HlV-seronegative women, and to have significantly higher geometric mean parasite 

densities. Anaemia was highly prevalent among pregnant women and their infants after 

delivery (chapters 4-7), and both HIV and malaria were found to be key risk factors. In a 

multivariate analysis, for primi- and secundigravidae women, HIV-seropositivity and 

documented fever were associated with severe anemia (Hb < 7 g/dL) in the third 

trimester. In women of higher gravidities, HIV seropositivity was the only statistically 

significant factor associated with any anemia or with severe anemia. The relative impact 

of HIV on maternal anemia was found to be consistently greater among multigravidae 

women than among women in their first or second pregnancy in the third trimester 

(chapter 5) and at delivery (Chapter 6). As presented elsewhere, the HIV-seropositive 

women were more likely to have documented fever or history of fever than were HIV-

seronegative women (chapters 4 and 5). 

At delivery, when compared to uninfected women, dual infection with HIV and 

maternal malaria among primigravidae was associated with a 3-fold increased risk of 

LBW, almost a 3-fold increased risk of prematurity, and about a 2-fold increased risk of 

small for gestational age (SGA); and in addition, dual infection more than doubled the 

risk of moderate to severe anaemia (Hb < 8 g/dl) in both primigravidae and multigravidae 

(chapter 6). Comparison of dually infected women with women infected with HIV-alone 
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showed that the risks of LBW and prematurity among primigravidae, and moderate to 

severe anaemia among the multigravidae were exacerbated by co-existent malaria. 

Similarly, when compared to women infected with malaria-alone, dual infection 

increased the risk of moderate to severe anaemia over and above that among 

primigravidae and multigravidae women infected with malaria-alone (Chapter 6). Thus, 

compared to women with either malaria or HIV alone, women with dual infections are 

more likely to develop severe maternal anaemia, and deliver a preterm or low birth 

weight newborn, and given that birth weight is one of the major predictors of neonatal 

and infant mortality, this in turn will affect infant survival. Thus our finding helps 

explain part of the increased infant mortality risk observed in the previous analysis of 

data Malawi [36]. Although, iron and folic acid supplementation is recommended as part 

of prenatal care services in Kenya, only 1 of every 20 pregnant women in our study 

hospital was receiving the recommended doses of iron and folate. This low coverage of 

hematinics supplementation in this prenatal clinic clinic population demonstrates the 

importance of developing strategies to improve delivery and compliance of routine 

interventions that have already been shown to reduce anemia in pregnancy [37, 38]. 

Malaria and HIV were also found to be predominant risk factors for anemia in 

infants (chapter 7). We estimated that in the HIV-infected infants participating in this 

study, 16 to 17% of the anemia could be attributed to the presence of HIV (attributable 

fraction). Similarly to pregnant women, malaria and HIV were found to interact; HIV-

infected infants with malaria had lower mean hemoglobin levels from age 16 weeks 

onwards compared with HlV-uninfected infants with and without malaria, or HIV-
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infected infants without malaria, suggesting that HIV-infected infants are particularly 

vulnerable to the adverse consequence of malaria at this age. 

This study also showed that maternal factors play an important role in infant 

anemia. Maternal HIV was an additional risk factor, not only directly, through MTCT, 

but also indirectly, as suggested by the finding that infant anemia was worse in HIV-

uninfected infants when bom to HlV-seropositive mothers compared with those born to 

HIV-seronegative mothers. Placental malaria was a risk factor for early infant anemia 

independent of prematurity and SGA. The observation that this association was present 

only in the first few month of life and absent in the last 6 months of infancy, suggests that 

this can not only be explained by mere environmental associations (e.g. both mother and 

newborn live in the same high malaria transmission households). It suggests, that a 

biological association may play a role reflecting the inability of mothers to provide an in 

utero optimal environment for foetal growth that affects infant health postpartum. Brabin 

and colleagues suggested that exposure of the fetus to malaria antigens due to damage of 

the placental barrier may make the newborn more susceptible to immunologically 

mediated haemolysis or to dyserythropoiesis [39]. Of note is the fact that despite all 

infants were regularly examined by a physician and treated free of charge for anemia, 

malaria (any parasitemia, regardless of symptoms) and other infectious diseases, close 

monitoring, combined with early detection and prompt treatment of infant malaria 

apparently failed to prevent most of the infants from becoming anemic. 
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Implications for public health and policy 

Inadequate prevention and control of malaria leads to excess malaria-associated severe 

anaemia, which often requires blood transfusion [40]. However, the issue of blood safety 

in the face of malaria-induced anemia continues to cause concern. Although identified 

repeatedly as an important public health measure, the attention to blood safety in many 

sub Saharan African countries is not well documented and inadequate HIV screening is 

likely to remain a widespread problem [41]. The high prevalence of anaemia in 

association with HIV infection is an important finding. For all pregnant women and their 

infants, asymptomatic HIV infection is an important additional risk factor to be 

considered in the differential diagnosis of anemia. In addition, dual infection may have 

important detrimental impact on maternal morbidity through its association with 

increased risk of maternal anaemia, and on infant survival through its direct and indirect 

association with restriction on infant growth (chapter 6). The association between 

placental malaria and early infant anemia found in this study (chapter 7) suggests that 

prevention of maternal malaria might be beneficial in preventing anemia in the first 6 

months of life, particularly when combined with other interventions that impact 

beneficially on birth weight and the maternal micronutrient status [42]. 

Because of increased vulnerability of infants to develop anemia, in particular in 

the presence of malaria, infants born to HFV-seropositive mothers, and particularly if 

HIV-infected themselves may need to be targeted specifically for intervention. In areas 

with moderate or high prevalence of HIV and malaria, all pregnant women should be the 

targeted for malaria control efforts to improve maternal and infant health. Prevention of 
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anemia may thus be particularly important for HIV-seropositive pregnant women and 

their infants, in whom the value of blood transfusions maybe more limited [43,44]. 

Future research 

Optimal growth is an important health goal, as impaired growth is associated with poor 

health, increased risk of morbidity and mortality and delayed psychomotor and mental 

development. Thus, more research is needed to identify the factors involved in the 

growth impairment in utero in HIV and malaria co-infection. Because of our failure to 

control anaemia in infancy despite close clinical monitoring and early treatment with 

effective drugs, our studies suggest that for populations where micronutrient 

supplementation is considered; often nutriture of more than one micronutrient is 

inadequate. There is need to evaluate whether programs to deliver haematinics, 

antimalarials and micronutrient supplementation in an effort to prevent anemia during 

pregnancy will be as effective for HIV-seropositive women as has been proven to be for 

HIV-seronegative women. 
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Risk factors for HIV among pregnant women in Kenya 

Lessons learnt and conclusions 

The identification of risk factors for HIV infection has the potential to allow targeting of 

ANC counselling and testing services to women with the greatest risk and has the 

potential for significant cost savings in a resource-poor environment such as western 

Kenya. Analysis of risk factors for HIV infection in our study population identified five 

significant factors independently associated with HIV seropositivity, namely: anaemia, 

malarial parasitaemia, a history of being treated for vaginal discharge, documented fever, 

and reported alcohol consumption (chapter 4). Multigravidae women whose most recent 

child had died were also more likely to be HIV seropositive. 

Although risk factors for HIV infection were discernible from our study by 

Poisson regression, the model containing the five identified risk factors had low 

positive predictive value for HIV infection. In addition, only 5.5% of the women had 

none of the identified risk factors. 

Implications for public health and policy 

Because of the high prevalence of HIV and high prevalence of factors associated with 

HIV infection in our entire study population, it was not possible based on our data to 

identify a well-defined sub-population of women to whom counselling and testing for 

HIV should be targeted. As observed elsewhere in sub-Saharan Africa [45-55], the 

overall population of pregnant women attending this ANC must be considered at high 

risk of HIV infection. 
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Maternal HIV and antibodies to malaria 

In chapter 5, we report that HIV seropositive pregnant women are more susceptible 

to malaria infection than HIV seronegative women. The precise immunological 

mechanism of this increased risk is unclear. We previously reported an HIV-

mediated dysregulation of cytokine responses at the level of the placenta, affecting 

protective cellular immune responses to placental malaria [56]. Although our current 

study showed a high prevalence of maternal total IgG to various malarial antigenic 

determinants (chapter 8), we did not find a consistent modulation of antibody 

responses associated with maternal HIV infection, suggesting the absence of an 

additional impairment of the humoral immune response. These findings are 

consistent with those of earlier studies in non-pregnant adults, and support previous 

reports that levels of total IgG to malarial antigens are not affected by asymptomatic 

HIV infection [57-59]. 

Overall recommendations 

The high rates of antenatal clinic attendance in Africa imply that the impact of HIV 

and malaria in pregnancy can be minimised by incorporating malaria prevention, 

through intermittent chemoprophylaxis and the use of insecticide-treated bed nets, 

and access to HIV diagnosis and antiretrovirals into routine antenatal care. While the 

scientific communities concerned with malaria and HIV may have developed the 

basis for these interventions, incorporating these tools into service delivery will be 

critical. 
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The studies described in this thesis were carried out in a changing 

environment of perinatal HIV and malaria prevention and have been transformed into 

a programme of delivery of short course antenatal antiretroviral therapy to HIV-

infected women and a system to support the provision of intermittent preventive 

antimalarial treatment in pregnancy according to newly adopted national policy. 

Efforts are underway to develop and expand this prevention programme more widely 

in Kenya, with HIV counseling and testing, community education, and the provision 

of antimalarials to prevent the consequences of malaria and antiretrovirals for MTCT 

prevention. Continued investigation into the nature of the HlV-malaria interaction, 

combined with joint programming of key intervention strategies, could lead to both 

immediate and long-term benefits. 
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Summary 

Samenvatting 

Malaria during pregnancy is a major problem in sub-Saharan Africa, affecting an 
estimated 24 million pregnant women each year; malaria prevalence may exceed 50% 
among primigravidae and secundigravidae in endemic areas. In malaria endemic areas, 
Plasmodium falciparum parasitaemia during pregnancy is associated with anaemia in 
pregnant women, and low birthweight (LBW) resulting from premature delivery and 
intrauterine growth retardation; LBW is an important risk factor for infant mortality and 
morbidity. 

During the past two decades, HIV/AIDS has emerged as a major problem in many 
malaria-endemic areas of sub-Saharan Africa, where an estimated 28 million people are 
infected with HIV, and 80% of the world's HIV-infected women reside. Given the wide 
geographical overlap between HIV and malaria, the epidemic of HIV/AIDS in areas 
where Plasmodium falciparum is endemic has generated serious concern about potential 
interactions between the two infections. 

The research described in this thesis concerned the interaction of malaria and HIV 
infection in pregnancy and the effects of the two infections on maternal and infant health. 
The research comprised of 2 studies. The objectives of the first study (chapter 2) were to 
determine the efficacy and safety of the different regimens of sulfadoxine-pyrimethamine 
(SP) in the prevention of placental malaria, and if it is affected by HIV status. In the 
second study, the following specific areas were explored: the effect of placental malaria 
on perinatal mother-to-child transmission of HIV (MTCT) (chapter 3); an evaluation of 
the risk factors for HIV infection among asymptomatic women attending antenatal clinic 
(chapter 4); maternal malaria and HTV infection as risk factors for third trimester 
maternal anaemia (chapter 5); an evaluation of the effect of dual infection with HIV and 
malaria on pregnancy outcome (chapter 6); an evaluation of malaria and HTV infection 
as risk factors for anaemia in infancy (chapter 7); and the effect of HIV infection on 
maternal and cord antibody responses to malarial antigenic determinants and on the 
mother-to-infant transfer of antibodies (chapter 8). 

The main findings of the research described in this thesis are summarized in relation 
to several topics important for mother and child health. In chapter 2, we compared the 
following regimens for treatment and prevention of malaria in pregnancy: fever case 
management (i.e., 1,500 mg sulfadoxine and 75 mg pyrimethamine for clinical malaria 
only), two intermittent preventive SP-treatment doses (at enrollment and again early in 
the third trimester) and monthly SP (a treatment dose at enrollment and then monthly 
through 34 weeks of gestation). Two doses SP were less effective in HTV-seropositive 
women for clearing placental malaria compared to HTV-seronegative women. Less than 
2% of participating women reported adverse drug reactions, with no statistically 
significant differences between HIV-positive and HIV-negative women. Intermittent 
preventive treatment with SP proved safe and efficacious for the prevention of placental 
malaria in primigravidae and secundigravidae. It was concluded that while a two-dose SP 
regimen might be effective in reducing placental malaria in areas with low HTV 
seroprevalence, administration of SP monthly during the second and third trimester of 
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pregnancy should be considered in areas of high HIV seroprevaience to prevent the 
effects of maternal malaria on the feotus. 

In a study that examined the effect of placental malaria on MTCT (chapter 3), 
viral load and an episiotomy or perineal tear were associated with increased MTCT, 
which is consistent with previous findings. MTCT was decreased among women with 
low density placental malaria and increased in women with high density placental 
malaria. This finding does not suggest altering existing recommendations for the use of 
intermittent preventive antimalarial treatment in pregnant women in malarious areas of 
Africa. The majority of dually (malaria + HIV) infected women will have low density 
parasitaemias, associated with a reduced MTCT, and a minority of dually infected 
women will have insufficiently controlled infections, associated with increased MTCT. 
At this point, we do not appear to be able to differentiate, in advance, which women will 
end up in which group. The important benefit of antimalarial treatment may be to reduce 
the likelihood of women having high-density PM and in also helping reduce the other 
known adverse effects of malaria in pregnancy, including anaemia, low birth weight and 
prematurity. 

We evaluated if it was possible to identify risk factors for HIV infection in our 
study (chapter 4). The identification of risk factors associated with HIV infection would 
allow for the targeting of limited resources for counselling and testing in developing 
countries to sub-populations among the ANC attenders who will most benefit from the 
services. Overall, 26% of our study women were HIV seropositive. We were not able to 
identify a subgroup of women at risk of HIV infection in this ANC population using non-
serologic information, suggesting that in this ANC population, universal access to 
voluntary HIV counselling and testing would be preferable to targeted screening. 

We evaluated the prevalence of anaemia in women visiting the ANC in the third 
trimester, and assessed the contribution of malaria and HIV infection to this anaemia 
(chapter 5). In primigravidae and secundigravidae, malaria and HIV infection were 
important risk factors for anaemia; documented fever at the time of the antenatal clinic 
visit and HIV infection were associated with severe anaemia. In multigravidae (gravidae 
s3), HIV infection was the most important determinant of anaemia, and this was 
independent of the presence of parasitaemia. Thus, HIV infection adds another cause to 
the long list of etiological factors of anaemia in pregnancy in developing countries. It will 
be important to confirm if treatment of anaemia efficacious in HIV-negative women will 
be efficacious in HIV-positive women as well. 

In chapter 6, we evaluated the effect of dual malaria and HIV infection on 
adverse birth outcome. When compared to uninfected women, dual infection among 
primigravidae was associated with a 3-fold increased risk of LBW, almost a 3-fold 
increased risk of prematurity, and about a 2-fold increased risk of SGA. In addition, dual 
infection more than doubled the risk of moderate-to-severe anaemia (Hb < 8 g/dl) in both 
primigravidae and multigravidae. Comparison of dually infected women with women 
infected with HIV-alone showed that the risks of LBW and prematurity among 
primigravidae, and moderate-to-severe anaemia among multigravidae were exacerbated 
by co-existent malaria. Similarly, when compared to women infected with malaria-alone, 
dual infection substantially increased the risk of moderate-to-severe anaemia over and 
above that among primigravidae and multigravidae women infected with malaria-alone. 

2 



Thus, dual infection increases adverse birth outcomes mainly in primigravidae, and 
increases anaemia considerably in all gravidae. 

In chapter 7, we report on anaemia in 661 infants (467 born to HIV-seropositive 
and 194 born to HIV-seronegative mothers) who were monitored monthly from birth, 
until they attained the age of one year. Anaemia was common, with haemoglobin levels 
decreasing after birth and reaching the nadir at approximately 32 weeks of age. HIV-
positive infants had lower mean haemoglobin levels than HIV-negative infants. HTV-
negative infants bom to HIV-positive mothers had slightly lower haemoglobin levels at 
the end of the first year of life compared to infants born to HIV-negative mothers. 
Placental malaria was a risk factor for anaemia in early infancy. HIV-infected infants 
with co-existent parasitaemia had lower haemoglobin levels than HIV-uninfected infants 
with or without parasitaemia, or HIV-infected infants without parasitaemia. Close 
monitoring, malaria treatment with an effective antimalarial, and haematinic 
supplementation did not prevent anaemia in most infants, with anaemia prevalence 
remaining high throughout the second half of infancy. 

In chapter 8, we assessed whether HIV alters maternal and cord plasma malarial 
antibody responses and the mother-to-infant transfer of the antibodies to recombinant 
malarial proteins [merozoite surface protein 1 (MSP-li9kD). the erythrocyte binding 
antigen (EBA-175)], the synthetic peptides [(MSP-2, MSP-3), rhoptry associated protein 
1 (RAP-1), and the pre-erythrocytic stage, circumsporozoite protein (NANPjs], antigenic 
determinants of Plasmodium falciparum, and tetanus toxoid (TT). The prevalence of 
maternal antibodies to the malarial antigenic determinants was high, and HIV infection 
was only associated with reduced antibodies to (NANP)s in maternal and cord plasma, 
and reduced mother-to-infant antibody transfer to (NANP)s. No consistent HIV-
associated differences were observed for other antigenic determinants, suggesting that the 
increased susceptibility to malaria among HIV-infected pregnant women may not be 
explained on the basis of their reduced antibody response to malaria antigens. 

In conclusion: the studies described in this thesis suggest that HIV and malaria 
interact and together form a major public health problem in sub-Saharan Africa. The high 
rates of antenatal clinic attendance in Africa imply that the impact of HIV and malaria in 
pregnancy can be reduced by incorporating malaria prevention, through intermittent 
chemoprophylaxis and the use of insecticide-treated bed nets, and access to HIV 
diagnosis and antiretrovirals into routine antenatal care. While the scientific communities 
concerned with malaria and HIV may have developed the basis for these interventions, 
incorporating these tools into service delivery will be critical. The studies described in 
this thesis were carried out in a changing environment of perinatal HIV and malaria 
prevention and have been transformed into a programme of delivery of nevirapine to 
HIV-infected women and their infants to prevent vertical transmission at birth, and a 
system to support the provision of intermittent preventive antimalarial treatment in 
pregnancy according to newly adopted national policy. Efforts are underway to develop 
and expand this prevention programme more widely in Kenya, with HIV counseling and 
testing, community education, the provision of antimalarials to prevent the consequences 
of malaria and antiretrovirals for MTCT prevention. Continued investigation into the 
nature of the HlV-malaria interaction, combined with joint programming of key 
intervention strategies, could lead to both immediate and long-term benefits. 
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Samenvatting 
In Afrika zuidelijk van de Sahara worden jaarlijks ongeveer 24 millioen vrouwen 
zwanger in gebieden met malaria. Malaria tijdens de zwangerschap is een belangrijk 
gezondheidsprobleem in dit werelddeel. In gebieden endemisch voor malaria kan bij 
meer dan 50% van de vrouwen die voor de eerste of tweede keer zwanger zijn malaria 
voorkomen. Plasmodium falciparum parasitaemie gedurende de zwangerschap is 
geassocieerd met bloedarmoede bij de vrouw en een laag geboortegewicht bij het kind 
ten gevolge van vroeggeboorte of een intra-uteriene groeiachterstand. Een laag geboorte
gewicht is een belangrijke risicofactor voor ziekte en sterfte in het eerste levensjaar. 

In de afgelopen twintig jaar is HIV/AIDS een belangrijk gezondheidsprobleem 
geworden in veel gebieden in Afrika ten zuiden van de Sahara waar ook malaria veel 
voorkomt. Ongeveer 28 miljoen mensen zijn hier besmet met HIV, en 80% van de 
vrouwen met HIV op de wereld leven in deze regio. Vanwege de uitgebreide 
geografische overlap tussen HIV en malaria is de HIV epidemie aanleiding tot 
ongerustheid over de potentiële interacties tussen de twee infecties. 

Het onderzoek in dit proefschrift beschrijft de interactie van malaria en HIV-
infectie in de zwangerschap en de effecten van de twee infecties op de gezondheid van 
moeder en kind. Het onderzoek omvat twee studies. De doelstellingen van de eerste 
studie waren om de effectiviteit en veiligheid van verschillende behandelingsstrategieën 
met sulfadoxine-pyrimethamine (SP) voor de preventie van malaria in de placenta te 
bepalen, en het effect van HIV status te onderzoeken(hoofdstuk 2). 

In de tweede studie werden verschillende aspecten van mogelijke interactie 
bestudeerd: 

-het effect van placentaire malaria op perinatale HlV-transmissie van moeder naar 
kind (hoofdstuk 3), 
-een evaluatie van risicofactoren voor HIV-infectie onder asymptomatische 
vrouwen die voor zwangerschapscontrole kwamen (hoofdstuk 4), 
-malaria en HIV als risicofactoren voor bloedarmoede in het derde trimester van 
de zwangerschap (hoofdstuk 5), 
-een evaluatie van het effect van infectie met zowel HIV als malaria op de 
zwangerschapsuitkomst (hoofdstuk 6), 
-een evaluatie van malaria en HIV-infectie als risicofactoren voor bloedarmoede 
in het eerste levensjaar (hoofdstuk 7), 
-het effect van HIV infectie op antilichaamreacties tegen malariaparasieten in 
maternaal en navelstrengbloed, en op de overdracht van antilichamen van moeder 
naar kind (hoofdstuk 8). 

In hoofdstuk 2 vergeleken we de volgende strategieën voor de behandeling en 
preventie van malaria in de zwangerschap: 

a. behandeling met SP (1,500 mg sulfadoxine en 75 mg pyrimethamine) alleen bij 
klinische symptomen van malaria, 

b. twee preventieve doses met SP (bij het begin van deelname in het tweede 
trimester en opnieuw in het begin van het derde trimester), en 

c. maandelijks SP (een behandelingsdosis bij begin van deelname in het tweede 
trimester en daarna maandelijks tot 34 weken zwangerschap). 
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Bij HlV-seropositieve vrouwen waren twee doses SP minder effectief voor het 
verminderen van malaria in de placenta dan bij HIV-seronegatieve vrouwen. Minder dan 
2% van de deelnemende vrouwen rapporteerden bijwerkingen, en er was geen verschil 
tussen HlV-seropositieve en HIV-seronegatieve vrouwen wat betreft bijwerkingen. 
Intermitterende behandeling met SP bij primi-en secundigravidae bleek een veilige en 
effectieve methode voor de preventie van malaria in de placenta. Hoewel een strategie 
met twee doses SP effectief zal zijn in een gebied met een lage prevalentie van HIV, zou 
het maandelijks toedienen van SP gedurende het tweede en derde trimester overwogen 
kunnen worden in gebieden met een hoge prevalentie van HrV. 

In een studie naar het effect van malaria in de placenta op de verticale transmissie 
van HIV (hoofdstuk 3) waren matemale HIV-RNA-spiegel en een perineum trauma (een 
episiotomie of een perineum scheur) de belangrijkste factoren voor een toename van 
verticale transmissie, in overeenkomst met eerder gepubliceerde studies. De verticale 
transmissie was minder bij vrouwen met malaria in de placenta met een lage 
parasietendichtheid en toegenomen bij vrouwen met malaria in de placenta met een hoge 
parasietendichtheid. Deze bevinding suggereert echter niet dat de huidige aanbevelingen 
voor het gebruik van intermitterende malaria behandeling bij zwangere vrouwen in 
gebieden met malaria veranderd zouden moeten worden. De meerderheid van de vrouwen 
geïnfecteerd met zowel malaria als HIV zal een lage parasietenconcentratie hebben, met 
als gevolg een bescheiden reductie van verticale transmissie, een minderheid zal 
onvoldoende gecontroleerde infecties hebben met hoge parasietenconcentraties met als 
gevolg een toename van de verticale transmissie. Op dit moment zijn we niet in staat om 
van te voren te kunnen differentiëren welke vrouw in welke groep zal eindigen. 
Daarnaast is een belangrijk voordeel van behandeling met malariamiddelen dat de 
waarschijnlijkheid dat vrouwen een infectie hebben met een hoge parasietendichtheid 
afneemt, en dat het ook helpt de andere nadelige gevolgen van malaria in de 
zwangerschap te verminderen, zoals bloedarmoede, een laag geboortegewicht, en 
vroeggeboorte. 

Wij evalueerden of het mogelijk was om risicofactoren voor HIV infectie te 
identificeren in de studiepopulatie van zwangere vrouwen (hoofdstuk 4). Identificatie 
van risicofactoren voor HIV infectie zou het mogelijk kunnen maken om de beperkte 
middelen voor HIV-counseling en HIV-testen in de ontwikkelingslanden te richten op 
bepaalde risicogroepen van vrouwen die de prenatale kliniek bezoeken. In de 
studiepopulatie was 26% van de zwangere vrouwen met HIV geïnfecteerd. Het was niet 
mogelijk een groep met een verhoogd risico op HIV infectie te identificeren zonder 
serologische informatie, en dat suggereert dat in deze populatie, universele toegang tot 
vrijwillige HIV-counselen en testen te prefereren is boven gerichte screening. 

Wij evalueerden de prevalentie van bloedarmoede bij vrouwen die in het derde 
trimester voor zwangerschapscontrole kwamen en bepaalden de bijdrage van malaria en 
HIV-infectie aan bloedarmoede (hoofdstuk 5). Bij vrouwen in de eerste en tweede 
zwangerschap (primi-en secundigravidae) waren malaria en HIV infectie belangrijke 
risicofactoren voor bloedarmoede, en de aanwezigheid van koorts tijdens het bezoek 
(axillair gemeten) en HIV infectie waren geassocieerd met ernstige bloedarmoede. In 
multigravidae (vrouwen met twee of meer zwangerschappen in het verleden) was HIV 
infectie de belangrijkste determinant van bloedarmoede, en dit was onafhankelijk van de 
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aanwezigheid van malariaparasieten in het bloed. Kortom, HIV infectie voegt een 
oorzaak toe aan de lange lijst van etiologische factoren voor bloedarmoede tijdens de 
zwangerschap in ontwikkelingslanden. Het is belangrijk om vast te stellen of 
behandelingen van bloedarmoede die bewezen effectief zijn in HIV-seronegatieve 
vrouwen, ook effectief zijn in HIV-seropositieve vrouwen. 

In hoofdstuk 6 evalueerden we het effect van een gecombineerde infectie met 
malariaparasieten en HIV op de geboorte-uitkomst. Vergeleken met vrouwen zonder een 
infectie hadden primigravidae met een gecombineerde infectie een driemaal zo grote kans 
op een kind met laag geboortegewicht, een bijna verdrievoudigd risico op prematuriteit 
en een ongeveer twee maal zo grote kans op een kind met een intrauteriene 
groeiretardatie. Bovendien hadden zowel primigravidae als multigravidae met een 
gecombineerde infectie een meer dan tweemaal zo grote kans op matige bloedarmoede 
(een hemoglobine gehalte < 8 g/dl). Een vergelijking van vrouwen met een 
gecombineerde infectie met vrouwen met alleen HIV liet zien dat het risico op laag 
geboortegewicht en prematuriteit bij primigravidae en matige bloedarmoede bij 
multigravidae verergerd was door de aanwezigheid van malaria. In vergelijking met 
vrouwen met alleen malaria vergrootte HIV in combinatie met malaria aanzienlijk het 
risico op matige bloedarmoede in zowel primi-als multigravidae. Samengevat, de 
combinatie van malaria en HIV vergroot de kans op een slechtere uitkomst van de 
geboorte voornamelijk bij primigravidae, en vergroot de kans op bloedarmoede bij de 
bevalling aanzienlijk bij alle zwangeren. 

In hoofdstuk 7 rapporteren we over bloedarmoede bij 661 kinderen (467 van 
HIV-seropositieve moeders and 194 van HIV-seronegatieve moeders) die maandelijks 
gevolgd werden gedurende het eerste levensjaar. Bloedarmoede kwam veel voor, waarbij 
het hemoglobinegehalte na de geboorte afnam en een dieptepunt bereikte bij een leeftijd 
van ongeveer 32 weken. HIV-positieve kinderen hadden een lager gemiddeld 
hemoglobinegehalte dan HIV-negatieve kinderen. HIV-negatieve kinderen van HIV-
seropositieve moeders hadden een iets lager hemoglobinegehalte aan het einde van het 
eerste levensjaar in vergelijking met kinderen van HIV-negatieve moeders. Malaria in de 
placenta was voornamelijk een risicofactor in de eerste maanden van het leven. HIV-
positieve kinderen met malaria hadden een lager hemoglobine gehalte dan HIV-negatieve 
kinderen met of zonder malaria of HIV-positieve kinderen zonder malaria. In de 
meerderheid van de deelnemende kinderen voorkwamen maandelijkse 
vervolgbezoeken, behandeling van asymptomatische malaria en ijzersuppletie 
bloedarmoede niet; de prevalentie van bloedarmoede bleef hoog tijdens de tweede helft 
van het eerste levensjaar. 

In hoofdstuk 8 bepaalden we in matemaal en navelstrengplasma of HIV infectie 
invloed heeft op serologische reacties tegen malaria, en of door HIV infectie verandering 
optreedt in de overdracht van moeder naar kind van malaria-antilichamen gericht tegen 
een aantal malaria-eiwitten [merozoite surface protein 1, 2 en 3, (MSP-li9kD, MSP-2 , 
MSP-3), erythrocyte binding antigen (EBA-175), rhoptry associated protein 1 (RAP-1), 
en circumsporozoite protein NANP5], en van antilichamen tegen tetanus toxoid (TT). De 
prevalentie van maternale antilichamen tegen de antigene determinanten van malaria was 
hoog. HIV infectie was alleen geassocieerd met een afgenomen hoeveelheid 
antilichamen tegen NAM'S. Voor de andere antigene determinanten werden geen 
consistente verschillen waargenomen in associatie met HIV infectie hetgeen suggereert 
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dat de toegenomen vatbaarheid voor malaria bij HIV-seropositieve vrouwen niet 
verklaard kan worden op basis van een verminderde antilichaamreactie tegen malaria 
antigenen. 

Samengevat: de studies beschreven in deze thesis suggereren een interactie 
tussen malaria en HIV tijdens de zwangerschap. Beide aandoeningen komen in dezelfde 
geografische gebieden voor en samen vormen ze een groot probleem voor de 
gezondheidszorg in Afrika zuidelijk van de Sahara. In dit deel van Afrika komen de 
meeste zwangere vrouwen ten minste éénmaal voor zwangerschapscontrole en dit biedt 
een mogelijkheid om de impact van HIV en malaria in de zwangerschap te verminderen 
door het aanbieden van malariapreventie door intermitterende chemoprofylaxe of door 
het gebruik van met insecticide behandelde klamboes, en het aanbieden van counselen, 
HlV-testen en anti-retrovirale middelen als onderdeel van de routinezorg. Nadat 
wetenschappelijk onderzoek de basis voor deze interventies heeft gelegd, is het 
incorporeren van deze interventies in de zorg van kritisch belang. 

De studies beschreven in dit proefschrift werden uitgevoerd in een veranderend 
klimaat van preventie van verticale transmissie van HIV en van malariapreventie tijdens 
de zwangerschap en zijn omgezet in een programma ter voorkoming van verticale 
transmissie van HIV door het aanbieden van nevirapine aan HIV-seropositieve zwangere 
vrouwen bij de bevalling, en een systeem dat de intermitterende behandeling van malaria 
tijdens de zwangerschap volgens nationale richtlijnen ondersteunt. Ook is men bezig deze 
programma's uit te breiden naar andere gebieden in Kenya. De combinatie van onderzoek 
naar de interactie tussen malaria en HIV, en het omzetten van belangrijke 
interventiestrategieën in toegepaste programma's zal leiden tot voordelen zowel op de 
korte als op de lange termijn. 
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