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1 1 

Introductio n n 



1)) Background 

Diseasess due to malaria and HIV-1 (HIV) infection have in common that they both pose a 
burdenn to millions of individuals, and each year cause millions of deaths. The World Health 
Organizationn (WHO) estimated that malaria caused 300-500 million cases worldwide and 1.5-2.7 
millionn deaths in 1997. Over 90% of cases and deaths were estimated to occur in sub-Saharan 
Africa,, in particular among children < 5 years of age (WHO 1998). By the end of 1999, an 
estimatedd 34.3 million people were living with HIV/AID S , of whom 15.7 million were women 
andd 1.3 million were children; 70% of the cases were in Sub-Saharan Africa (UNAIDS 2000). In 
Kenya,, over 4 million cases of malaria were reported in 1995 (WHO 1998), and an estimated 2.1 
millionn persons were living with HIV/AID S by the end of 1999, of whom over half were 
estimatedd to be women (UNAIDS 2000). 

Theree are some similarities between both diseases: Although in sub-Saharan Africa, the 
primaryy transmission routes are sexual contact for HIV and vector-bome for malaria, both can 
alsoo be transmitted by blood transfusions and the infection rates can be reduced by behavior 
changee and decreased exposure through use of barriers (condoms for HIV and insecticide treated 
netss for malaria) (Huff 2001). Both diseases are characterized by an immune response in which 
antibodyy production does not necessarily confer protection, and cell mediated immune responses 
(inn particular THI cell responses) may constitute the most important part of immunity (Mossman 
1994;; Kuhn et al, 2001; Clerici et al, 1996; Cruz Cubas et al, 1994). An increased risk with lower 
socioeconomicc status has been established for both diseases and both pose their largest burden in 
sub-Saharann Africa. In forty percent of the 39 sub-Saharan countries where malaria is endemic 
ann antenatal clinic HIV seroprevalence of more than 10% has been reported. There is also some 
overlapp in therapeutic arsenal; some drugs used for treatment of opportunistic infections in HIV 
havee antimalarial activity and some drugs used for malaria have, at least in vitro, reported effects 
onn HIV replication. 

Althoughh there are some similarities, the dissimilarities are pronounced. Malaria, a 
mosquito-bornn protozoan disease, is caused by four members of the genus Plasmodium, of which 
P.P. falciparum is the most dangerous and the most common in sub-Saharan Africa. It has 
accompaniedd humans throughout recorded history (White 1996). The most vulnerable group in 
areass with high transmission of malaria are children under 5 and pregnant women. There are a 
varietyy of clinical manifestations of malaria, depending on the transmission intensity in the area, 
thee age and immunological experience with malaria of the individual, and genetic factors. The 
mostt common symptoms are fever and anemia, and the course of disease can be rapid, resulting 
inn death within a few days, or more protracted, resulting in chronic anemia. Although malaria 
parasitess can harbor in the placentae of pregnant women, congenital malaria in newborns is not 
common.. Most episodes of malaria, if treated promptly, can be cured, but drug resistance is a 
majorr problem. Affordable drugs, such as chloroquine and sulfadoxine-pyrimethamine (SP) have 
traditionallyy been the mainstay of therapy in sub-Saharan Africa, but as parasite resistance to 
thesee drugs becomes increasingly widespread, they wil l need to be replaced by more expensive 
drugs,, most likely to be delivered in combination therapy. 

HIV-11 (HIV) is a retrovirus; the predominant mode of transmission in developing 
countriess is through heterosexual contact. The disease process is generally slow, resulting in 
progressivee immune deficiency, and resultant opportunistic infections. The earliest reports of 
AIDS,, the clinical end-stage of HIV infection, date from the late seventies, with the first 



descriptionn in the United States in 1981 (Gottlieb et al, 1981). Pregnant women can transmit the 
viruss to their children during pregnancy, labor, or breastfeeding. Although vertical transmission 
iss the most common route for children to become infected, treatment of malaria-related anemia 
withh blood transfusion can be an important infection route in areas where no reliable blood 
supplysupply is available (Greenberg et al, 1988). Opportunistic infections can be prevented and treated 
andd antiretroviral drugs are available to slow downn disease progression. However, these drugs 
cann have considerable side effects, and are expensive for most persons living in countries in sub-
Saharann Africa. 

Pregnancy y 
Thee normal course of pregnancy has been associated with a variety of changes in 

immunity,, as a presumed adaptation of the host to the foreign genetic material of the fetus. An 
increasedd risk of acquisition and severity of several diseases during pregnancy has been reported, 
inn particular for conditions in which cell-mediated immunity plays an important defense role, 
suchh as polio, influenza A, herpes genitalis, Epstein Barr virus, variola, cytomegalovirus, 
toxoplasmosis,, measles, and malaria (Weinberg 1984). However, it is observed that pregnant 
womenn maintain essentially normal levels of humoral immunity, and gestation has been 
associatedd with depression of selective rather than general aspects of cellular immunity. Specific 
alterationss in T cell subpopulations have been documented. However, as Miotti et al (1992) and 
LandersLanders et al (1997) pointed out, results of studies conducted in industrialized and developing 
countriess to investigate T cell phenotype changes during pregnancies differed widely. 

T-cellss mediate many of their effects via secretions of cytokines, and several patterns of 
responsess to infection have been recognized; T helper cells 1 (THI) cells uniquely secrete 
interleukin-22 (IL-2), interferon-gamma (IFN-y), and rumor necrosis factor-betha (TNF-P), and 
aree helper cells for cell- mediated immunity. TH2 cells uniquely secrete interleukin-4 (IL-4), 
interleukin-55 (IL-5) and interleukin-10 (IL-10) and are associated with antibody and allergic 
responses.. It has been postulated that the maternal immune system during pregnancy 
preferentiallyy mounts TH2-biased responses, resulting in an increased susceptibility to certain 
auto-immunee diseases and intracellular infections (Wegmann et al, 1993). 

HIVV and pregnancy 
Severall  studies suggest that CD4 cell function and phenotype are altered in pregnancy, 

andd return to baseline postpartum in HTV-uninfected women but not in HIV-infected women 
(Landerss et al, 1997; Rich et al, 1995). The adverse pregnancy outcomes associated with 
maternall  HIV infections have been delineated in systematic reviews and meta-analyses by 
Brocklehurstt & French (1998); maternal HIV-infection was associated with spontaneous 
abortion,, stillbirths, perinatal mortality, infant mortality, intra-uterine growth retardation, low 
birthh weight and preterm delivery. HIV progression during pregnancy was more common in 
developingg countries (OR 3.71,95% CI 1.82-7.75) than in developed countries (OR 0.55,95% 
CII  0.27-1.11) (French & Brocklehurst 1998). A higher mortality among breastfeeding HIV-
infectedd mothers compared to HIV-infected mothers who were not breastfeeding has been 
reportedd (Nduati et al, 2001). Although HIV-infected pregnant women may experience more 
pregnancyy complications, including intrapartum infection, postpartum hemorrhage and 
postpartumm endometritis, the effect may apply primarily to individuals who are severely 
immunocompromisedd (Landers et al, 1997; Rich et al, 1995). Anemia in pregnancy was common 
inn sub-Saharan Africa before the introduction of HIV, but HIV infection adds yet another cause 



too the long list of etiological factors (Fleming 1989; Van Den Broek et al, 1998). 

Malariaa and pregnancy 
Thee epidemiology of malaria in pregnancy is intriguing. The already discussed 

immunomodulationn observed during pregnancy induces an increase in the frequency and density 
off  malaria parasitemia in pregnant compared to non-pregnant women in endemic areas. This is 
moree prominent during the second trimester compared to the third trimester, more common in 
primigravidaee than in women with higher gravidity number, and in younger women compared to 
olderr pregnant women (Brabin 1983; Menendez 1995). However, severe malaria-associated 
diseasee in pregnancy is mainly reported from areas with low to moderate transmission; in hyper-
andd holo-endemic areas most infections remain asymptomatic, undetected, and untreated, with 
thee major manifestations being maternal anemia and low birth weight in the newborn, which is a 
majorr risk factor for subsequent infant mortality (Mc Cormick 1985). McGregor (1984) 
postulatedd that the malaria parasite may find a temporary place to sequester in the placenta, an 
organn that could be considered malaria-naive. During the pregnancy, organ specific immunity 
cann build up and may explain the lower frequency of malaria at the end of pregnancy, and in 
eachh subsequent pregnancy. An immunological mechanism for this was recently proposed 
(Mooree et al, 2000a). Recent studies showed that women up to their fourth pregnancy had an 
increasedd risk on malaria compared to gravidae 5 or more, and that this also translated into a 
higherr risk for low birth weight, in particular in combination with severe anemia (Shulman et al, 
2001).. In an urban area in Malawi, young age was a more important predictor of malaria than 
gravidityy (Rogerson et al, 2000). 

InIn the Gambia, the changed cellular response in pregnancy was demonstrated in pregnant 
women,, who had depressed lymphop'-oliferative responses to P. falciparum antigens compared 
too parity matched non-pregnant women; this was most marked in primigravidae (Riley et al, 
1989).. Fried et al reported that placental blood samples (obtained by compressing fresh tissue in 
aa tissue grinder from a non-endemic area in Kenya) predominantly showed a bias towards type 2 
cytokines,, whereas samples from malaria-endemic areas showed predominantly a type 1 
responsee (Fried et al, 1998). In this study, elevated IFN-y and TNF-a levels were associated with 
aa low birth weight. Moore et al (1999) postulated that IFN-y is important in the control of 
placentall  malaria, because production of this cytokine by placental intervillous blood 
mononuclearr cells, obtained by a placental perfusion technique, was elevated in multigravidae 
withoutt placental malaria compared with primigravidae and multigravidae with placental 
malaria.. The presence of antibodies to the ligand chondroitin sulphate A (CSA), a molecule 
presentt in the placenta, correlated with the absence of, or low placental parasitemias, and 
thereforee CSA may be a molecular site for the sequestration of parasites in the placenta. This 
mayy indicate that parasites found sequestered in the placentas of pregnant women may differ 
fromfrom parasites derived from nonpregnant hosts by their ability to cytoadherence too CSA 
(Maubertt et al, 2000; Ricke et al, 2000; Duffy & Fried 1999). 

2)) Interaction of HIV and malaria: immunologic, clinical and epidemiological studies 

Overview w 
Theree is a potential for interaction between malaria and HTV infection. Malaria is a 

powerfull  stimulator of the immune system during the acute phase of the illness and repeated 
attackss could theoretically lead to increased HIV viral load and an increased rate of progression 



too AIDS (Chandramohan & Greenwood 1998). HIV infection might reduce immunity to malaria 
resultingg in more frequent and severe malaria infections. It is unclear how the depletion of CD4 
cellss in HIV-infected persons affects the ability of the host to develop an effective immune 
responsee against malaria, and how immunity to malaria in children could develop effectively 
withoutt CD4 cell involvement. However, early studies that examined how these two infections 
mayy affect each other did not find evidence for substantial interaction. Possible mechanisms 
suggestedd to explain this initial apparent absence of interaction between HIV and malaria 
included:: the selective depletion of T cell subsets not implicated in malaria response (Migot et al, 
1996),, the T cell independent non-specific parasite killing by macrophages (Butcher 1992; 
Marussigg et al, 1996), the development of compensatory mechanisms for the loss of subsets of 
lymphocytes,, like monocytes or CD8 cells (Migot et al, 1996), or the role of HIV in increasing 
effectorr cell activation by increasing TNF levels, a cytokine generated by both malaria and HTV 
(Butcherr 1992). 

Immunologicc studies 
Ann interaction between malaria and HIV is evident in animal models or in-vitro studies: 

however,, direction of the interaction and effect are not consistent. In an overview of observations 
inn a rodent model, the murine acquired deficiency syndrome (MAIDS) affected T cell memory of 
PlasmodiumPlasmodium but did not alter parasite killin g by macrophages (Marussig et al, 1996). Viral 
infectionn protected against death from cerebral malaria in this model, and this effect increased 
withh the severity of immunodeficiency. The effect of malaria infection on viral infection was 
oppositee to what was expected: certain manifestations of MAIDS were reversed. Repetitive 
infectionss with parasites from the beginning of the viral infection slowed down the development 
off  some of the MAIDS clinical and immunological manifestations. The viral load was 
unaffected,, indicating that the effects of plasmodial infection on the development of the viral 
diseasee was not due to control of virus replication but more to interference with the 
immunopathogenesiss of MAIDS (Marussig et al, 1996). 

Thiss is in contrast with results of Freitag et al (2001), where malaria increased viral 
replicationn transiently in a rodent model; the viral replication returned to baseline after 15 days, 
andd reinfection and recrudescence of infection were not accompanied by increased viral 
replication.. Neutralizing or blocking antibodies to TNF-oc, IFN-y and other cytokines thought to 
bee stimulated by malaria infection, did not prevent the induction of increased HTV-expression 
(Freitagg et al, 2001). In an in-vitro study, the presence of P> falciparum antigens significantly 
enhancedd HTV replication by activating lymphocytes through the production of TNF-a, 
suggestingg that P. falciparum modulates HTV pathogenesis (Xiao et al, 1998). This is supported 
byy results of in-vivo studies of Hoffman et al (1999) who showed that HTV-1 proviral loads were 
approximatelyy sevenfold higher in Malawian adult patients with malaria than in asymptomatic 
aparasitemicc HIV-infected blood donors; although the HTV-RNA concentrations decreased after 
treatment,, they remained higher for at least 4 weeks in some participants. In this study, CD4 
percentagee and baseline RNA-levels were positive independent predictors of a reduction of RNA 
concentrationss after antimalarial treatment, and not age, sex, malaria parasite density or plasma 
TNF-aa concentration (Hofftnan et al, 1999). The authors suggested that P. falciparum malaria 
mayy cause increased CD4 cell activation, and increase thereby the number of susceptible target 
cellss for HIV-1 infection, potentially resulting in increased HIV-1 RNA levels and continued 
neww infection of susceptible activated CD4 cells. However, it is difficult to assess if this 
hypothesiss was the case or if, when selecting HIV-positive patients with malaria, HIV-positive 



personss with a more advanced HIV disease were selected (see further on). CD4 counts in patients 
weree significantly lower than CD4 counts in asymptomatic blood donors. 

Thee effect of HIV on the immune response to malariaa has been examined in two studies. 
Inn a cross-sectional study in Uganda, AIDS patients (defined clinically) had significantly lower 
antibodyy levels to synthetic falciparum ring stage antigens (RESA 8) and other ring stages 
comparedd to HIV-uninfected patients (Wabwire-Mangen et al, 1989). Asymptomatic HIV-
infectedd trauma patients had increased levels in comparison to HIV-uninfected trauma patients 
(controls)) although this difference was not significant. The authors suggested that during HIV-1 
infection,, B cell activation may occur as noted in the HIV-1 seropositive trauma patients, but 
withh increased immunosuppression in advanced clinical AIDS, B cell stimulation may be 
diminished,, resulting in decreased production of malaria antibody (Wabwire-Mangen et al, 
1989).. In Burkina Faso, adult AIDS patients with a CD4 counts < 250 cells/ul, had higher total 
plasmaa IgG than did healthy subjects, indicating B cell polyclonal activation, but the mean levels 
off  antibodies to P. falciparum were decreased in AIDS patients, suggesting that the B cell 
activationn was selective (Migot et al, 1996). Compared with cells of healthy subjects, peripheral 
bloodd mononuclear cells of AIDS patients showed decreased levels of proliferation and of IFN-y 
andd IL-2 production in response to all malarial antigens except schizont extract, and IL-4 
productionn was similar in both groups. Immune responses obtained after stimulation of whole 
bloodd by mitogens showed the same results. Thus, although some components of the specific 
humann immune responses to falciparum parasites are modified during AIDS, other mechanisms 
off  protection against malaria may be preserved. 

Too date there is limited information on the effect of the combination of malaria and HTV 
inn pregnant women and the placenta. Placental transfer of specific IgG antibodies to 
StreptococcusStreptococcus Pneumonia was reduced in the presence of HIV infection or placental malaria in a 
Malawiann study (De Moraes-Pinto et al, 1998), potentially increasing the risk of pneumococcal 
infectionn in early infancy. In a study of placental malaria in Kenya, cytokine production by 
intervillouss blood mononuclear cells obtained by placental perfusion was reduced in placentas 
fromfrom HIV-infected women with a low CD4 count (< 500/ul), particularly in response to malaria 
antigenss (Moore et al, 2000b). Similar to what has been described for peripheral blood 
mononuclearr cells in adults, intervillous blood mononuclear cells of HIV-positive asymptomatic 
womenn showed impaired IFN-y responses to malarial antigens. TNF-a was generally enhanced 
inn both HIV-positive women and women with placental malaria (Moore et al, 2000b). IL-4 and 
IL-100 responses to malarial antigen were reduced in HIV-positive women; IL-10 was particularly 
reducedd when placental malaria had been present. An increased IL-10 production has been 
associatedd with HIV-infection as part of cytokine-induced immune dysregulation (Clerici et al, 
1994),, and this may suggest that malaria disrupts this dysregulation. 

Clinicall  and epidemiological studies in children 
Severall  hospital based retrospective and prospective cross-sectional and autopsy studies 

showedd no association between HIV infection and malaria in children (Muller & Moser 1990; 
Mullerr et al, 1990; Nguyen-Dinh et al, 1987; Lucas et al, 1996; Bell et al, 1997). 

Fourr hospital based cohort studies addressed the potential interaction between HIV and 
malariaa in children. In a study in Zaire among children infected with HIV through vertical 
transmission,, malaria blood smears were obtained whenever the child had documented fever or a 
historyy of fever in the past two days; a slight but significantly higher prevalence of peripheral 
parasitemiaa and fever was seen in HIV-positive children who had progressed to AIDS compared 



too HIV-negative children of HIV-positiv e mothers, and HIV-negative children of HIV-negative 
motherss (Greenberg et al, 1991). m children with AIDS, the geometric mean parasite density was 
higher,, compared to the other  groups, but this was of borderline significance. Malari a did not 
contributee significantly to deaths among HIV-positiv e children and did not appear  to accelerate 
thee rate of progression to AIDS in HIV-positiv e children; to the contrary, there was a suggestion 
thatt  malaria was more likely to be protective (OR 0.6,95% CI  0.2-2.2). 

Inn a cohort of transfused children in Kinshasa, Zaire, those who had been infected with 
HTVV through blood transfusions presented more often with episodes of fever  and malaria positive 
thickk blood smears per  person month observation than HIV-negative patients (P = 0.04 and P = 
0.003,, respectively, Colebunders et al, 1990). However, percentages of positive thick films per 
episodee of fever  were the same in both groups (46%). 

Inn a birt h cohort in Malawi, blood smears were obtained every three months; no 
significantt  difference was found in frequency of malaria parasitemia by maternal or  infant HIV 
sero-statuss after  controlling for  child's age; unscheduled visits also showed no difference after 
controllingg for  malaria treatment (Tana et al, 1994). In this last study, no information was given 
onn clinical malaria and HIV-disease progression, and data was not presented by person month of 
observation. . 

Inn a prospective birt h cohort in Kampala, Uganda, malaria blood smears were obtained 
whenn a child had documented fever  or  a history of fever  in the past two days during scheduled 
(everyy three months) and unscheduled visits; both types of visits were combined in the analysis 
(Kalyesubulaa et al, 1997). There was an increase in smears positive for  malaria parasitemia 
amongg seroreverters (risk ratio, 1.5; 95% CI  1.1 to 1.9) and control infants (risk ratio, 1.6; 95% 
CII  1.2 to 2.2) compared with HIV-positiv e infants. Even in older  age groups, the risk of malaria 
wass reduced in HIV-infected children compared to seroreverters and control infants, but the 
levelss of parasitemia were similar. A greater  proportion of malaria episodes among the HIV -
positivee group than among the control groups resulted in hospitalizations (P - 0.001) and blood 
transfusionss (P - 0.02), suggesting that HIV-infected children may be more susceptible to the 
effectss of malaria (Kalyesubula et al, 1997), or  that they may be more il l due to the concomitant 
presencee of other  infections. However, because a positive association was seen between time to 
clinicall  AIDS and absence of malaria in HIV-infected children, the authors suggested that either 
malariaa may offer  some protection against HTV progression, or  that chloroquine used to treat 
malariaa may have a direct effect against HTV. 

Clinicall  and epidemiological studies in adults 
Inn cross-sectional studies in Zambia, Uganda, Rwanda and Malawi no association was 

foundd between HTV infection and malaria (Simooya et al, 1988; Simooya et al, 1991; Muller  & 
Moserr  1990; Allen ett  al, 1991; Nwanyanwu et al, 1997). Among male adults in Malawi, an 
associationn between HTV and fever, and not malaria, was reported; the authors suggested that this 
mayy lead to an overestimation of fever  as presumably caused by malaria in areas with a high 
prevalencee of both HTV and malaria (Nwanyanwu et al, 1997). In a cross-sectional study in rural 
Tanzania,, malaria infection was more common in HIV-positiv e than in HIV-negative persons, 
butt  no association was seen with parasite densities (Atzori et al, 1993). In a study in Burundi of 
riskrisk  factors for  poor  prognosis in cerebral malaria in 31 adults, HTV infection did not affect the 
clinicall  or  biological presentation of cerebral malaria, and did not appear  to influence the 
outcomee (Niyongabo et al, 1994). No difference in the prevalence of HTV was noted among 
patientss admitted with cerebral malaria compared to the prevalence of HIV among ICU patients 



inn Zambia (Leaver et al, 1990). 
AA cross-sectional study in Malawi enrolled 161 febrile adult patients and 18 healthy 

aparasitemicc controls, and compared HIV viral RNA levels among HIV-positive participants 
(n=129)) stratified by presence of malaria and positivity of a blood culture (Jason et al, 2001). 
HTVV viral RNA levels were significantly lower among HIV -positive controls compared to HIV-
positivee parasitemic patients with a negative blood culture, aparasitemic patients with a negative 
bloodd culture and aparasitemic patients with a positive blood culture; between the last three 
groupss no significant differences in HTV RNA-levels were observed. HIV-positive patients with 
parasitemiaa had less severe HTV immunosuppression, as represented by CD4 percentage, 
comparedd to aparasitemic HIV-positive febrile persons with or without a positive blood culture 
(Jasonn et al, 2001). In this study no association was seen between HIV serostatus, severity of 
HIVV infection (as measured by HIV RNA viral load level and CD4 counts) and degree of 
parasitemia. . 

Too date, the most comprehensive study is an 8-year prospective cohort study from 
Ugandann adults (Whitworth et al, 2000). In this study, parasitemia was more common in HIV-
positivee individuals compared to HIV-negative persons. In addition, clinical malaria was more 
commonn as well in HIV-positive individuals and the frequency of clinical malaria increased with 
increasingg immunosuppression as measured by CD4 counts (Whitworth et al, 2000). Increasing 
incidencee rates of fever in association with P. falciparum infection and decreasing CD4 cell 
countss were also reported among HIV-infected adults in another Ugandan cohort study with 14 
monthss of follow up (French et al, 2001). In this study, parasite densities in asymptomatic 
malariall  infections were significant lower across all CD4 count levels compared to parasite 
densitiess in symptomatic infection; the rates of recurrent disease were high irrespective of CD4 
counts.. Despite this increased susceptibility, there was no apparent effect on the severity of 
malariall  fever and no cases of severe and complicated malaria were observed in this study. 
However,, an HIV-negative control group was not included. 

Inn a case-control study in Uganda, co-infection in adults with HTV and malaria parasites 
wass associated with an increased occurrence of acute febrile episodes compared to those with 
singlee infection with HIV or malaria (Francesconi et al, 2001). This may indicate that the "anti-
disease""  immunity for malaria may be different in HIV-infected persons. In this last study, 
clinicall  malaria was associated with HIV infection as well. 

Pregnantt women 
Inn three cohort studies, HIV-positive pregnant women had a higher prevalence of 

parasitemiaa at enrollment, delivery and in the placenta than HIV-negative women (Steketee et al, 
1996;; Parise et al, 1998; Verhoeff et al, 1999). When stratified by gravidity, this was only 
significantt for HIV-positive multigravidae in the studies in Malawi; however, parasite densities 
weree higher in HIV-positive women across all gravidities (Steketee et al, 1996). In the study of 
Parisee et al (1998) in Kenya, women were enrolled in their first and second pregnancy only; a 
significantlyy higher proportion of HIV-positive pregnant women had peripheral parasitemia in 
thee second trimester and placental parasitemia at delivery (Parise et al, 1998). One could 
speculatee that the immune-modulation during pregnancy resulting in an increased frequency of 
parasitemiaa is augmented by HIV infection, but whereas HIV-negative women can develop an 
immunee response important for malaria control during the last trimester or in the next pregnancy, 
thiss response may be diminished in HIV-positive women. 

Conflictingg reports exist on the importance of placental malaria for the vertical 



transmissionn of HTV. In a large cohort study in Malawi, infants born to HIV-1-infected women 
withh placental malaria infection had a 3.4-fold increased risk of post-neonatal death compared to 
infantss bom to HIV-infected women without placental malaria infection (Bloland et al, 1995). 
Thee levels of immunosuppression in the HIV-infected mothers and HTV infection status of 
infantss were not determined (Bloland et al, 1995). In a large community based cohort in The 
Gambia,, birth in the rainy season, when generally higher transmission of malaria occurs, was a 
riskrisk factor for vertical transmission of HIV-1 infection(0'Donovan et al, 1999). However, 
placentall  malaria was not a risk factor for perinatal HIV transmission in a hospital based cohort 
inn Kinshasa, Zaire (St Louis et al, 1993). 

HIV-infectionn and antimalarial treatment 
Theree are some major concerns on efficacy and toxicity of antimalarial treatment in HIV-

positivee persons, the effect of antimalarial treatment on progress of HIV infection, and of the 
effectt of prophylaxis against opportunistic infections for HIV-positive individuals in Africa on 
malariaa treatment. 

I:: Toxicity 
Side-effectss to sulfonamides, pyrimethamine and dapsone are reported to be more 

frequentfrequent in HIV-infected persons (Bayard et al, 1992). However, in two studies in pregnant 
womenn where presumptive antimalarial treatment with SP was given, there was no evidence of 
ann enhanced risk of side-effects after treatment with SP (Parise et al, 1998; Verhoeffet al, 1998). 
Itt is likely that the use of SP will increase after introduction of presumptive treatment of SP as 
nationall  policy for malaria in pregnancy. Continued surveillance is needed. 

II :: Efficacy 
InIn two studies, one in children infected perinatally with HTV, and the other in children 

andd adults infected with HTV through blood transfusion, antimalarial treatment with oral quinine 
showedd no significant difference in the proportion of treatment failures (defines as parasitemia 
onn day 7 following treatment) by HIV status (Colebunders et al, 1990; Greenberg et al, 1991). 
Moreover,, no difference by HIV-infection status in response to treatment with chloroquine or SP 
forr children or adults was reported in a retrospective hospital based study in Uganda (Muller & 
Moserr 1990). In a Ugandan study, HIV-positive children under 5 years of age were perhaps more 
likelyy to fail chloroquine treatment than HIV-negative children in the same age-group (Fisher's 
exactt test P = 0.096); no difference was seen in the subjects 5 years and older. However, the 
numberss of HIV-positive children were small, and this observation needs confirmation in larger 
studiess (Kamya et al, 2001). 

Inn a study in 27 HIV-positive Malawian adults, followed for 4 weeks after SP treatment 
forr symptomatic malaria with SP, all patients were aparasitemic and afebrile after one week, and 
alll  but one remained aparasitemic for the remainder of the study (Hoffman et al, 1999). 

Thee previously cited study by Parise et al (1998) is the first to suggests a difference in 
efficacyy of treatment for malaria in HIV-positive compared to HIV-negative pregnant women. 
Althoughh SP was efficacious in clearing peripheral parasitemia in both HIV-infected and 
uninfectedd women, the two dose regimen of presumptive treatment with SP (once in the second 
andd once early in the third trimester) was not as efficacious in clearing placental malaria 
infectionn in HIV-positive compared to HIV-negative women; a monthly dosing interval 
increasedd the efficacy in HIV-positive women. The study was conducted among women in their 



firstt and second pregnancy who are more prone to asymptomatic malaria; the results need to be 
confirmedd in an other study. 

Trimethoprim-sulfamethoxazolee is recommended by UNAIDS for prophylaxis in Africa 
againstt opportunistic infections for HIV-infected adults with CD4 counts < 500/ul. This 
recommendationn was based on two studies in Abidjan, Cote d'lvoire, which showed that daily 
prophylaxiss with trimethoprim-sulfamethoxazole decreased morbidity in HIV-positive 
individualss (with stage 2 and 3 AIDS) and mortality in HIV-infected individuals with 
tuberculosiss (Anglaret et al, 1999; Wiktor et al, 1999). For P. falciparum, cross-resistance 
betweenn sulfonamides is known (Triglia et al, 1997) and cross-resistance between trimethoprim 
andd pyrimethamine has been described (Petersen 1987; Iyer et al, 2001). Iyer et al (2001) 
expressedd concern that the daily prolonged use of trimethoprim-sulfamethoxazole prophylaxis 
"mayy shorten the useful life of sulfadoxine-pyrimethamine where it is already in use, introduce 
sulfadoxine-pyrimethaminee resistance where these drugs are currently held in reservoir; or 
introducee resistance to other antifolate antimalarials under development". In malaria endemic 
areas,, HIV-infected persons using trimethoprim-sulfamethoxazole prophylaxis and who suffer P. 
falciparumfalciparum infection may increase the prevalence of antifolate mutations in the P. falciparum 
population,, thus increasing the prevalence of SP-resistant malaria. In countries, like Kenya, 
wheree the chloroquine resistance is high and the first line treatment is SP, treatment options for 
malariaa in HIV-positive persons on cotrimoxazole prophylaxis or the general population are 
limited,, and expensive. 

SP,, azithromycin and atovaquone are all drugs that are used in the therapeutic arsenal for 
bothh diseases, and effects of the drugs on both diseases and resistance patterns may need to be 
consideredd before using them. 

Ill :: Effect of antimalarial medication on progression of HIV 
Duee to the increasing resistance of P. falciparum to chloroquine, the importance of this 

antimalariall  for treatment of malaria in sub-Saharan Africa is declining; however, recent studies 
havee suggested that chloroquine has interesting antiretroviral qualities. 

Thee effects of chloroquine on HIV-infection are not consistent; reports are conflicting as 
too whether chloroquine can inhibit or enhance viral replication. In one murine study, replication 
off  viruses (Semliki forest Virus and encephalomyocadritis virus) was enhanced by antimalarials 
suchh as chloroquine, primaquine, pyrimethamine, sulfadoxine and quinine (Maheshwari et al, 
1991).. In vitro experiments demonstrated that chloroquine enhanced cellular uptake of Tat 
protein,, a promoter of HIV replication in activated T cells (Frankel & Pabo 1988). 

Onn the other hand, chloroquine inhibited HTV-1 and HTV-2 replication in HIV-infected 
cellss exposed to chloroquine concentrations in-vitro, and it decreased the infectivity of the newly 
producedproduced virus (Savarino et al, 2001). An in vivo study comparing hydroxychloroquine (800 
mg/day)) to zidovudine (500 mg/day) for 16 weeks in asymptomatic HTV-1 infected patients with 
CD44 counts between 200 and 500 cells/mm3 showed reduced levels of HTV-1 RNA load in 
plasmaa in both groups. There was no difference in CD4 count at the end of the study between the 
twoo groups (Sperber et al, 1997). Boelaert et al reported that chloroquine can accumulate in 
breast-milkk cells, and suggested this may have a potential role on HIV-transmission through 
breastfeedingg (Boelaert et al, 2001a). Other benefits of chloroquine may include an inhibitory 
effectt on opportunistic infections like Cryptococcus neoformans (Levitz et al, 1997), an 
inhibitoryy effect on the synthesis of several pro-inflammatory cytokines that may play a role in 
thee progression of HIV infection, and a potential to restrict tissue iron accumulation that may 



possiblyy affect HIV in a negative way (Boelaert et al, 2001b). Chloroquine is an attractive drug 
becausee it is inexpensive, not stigmatizing, and widely distributed in developing countries with 
malaria.. The principal mechanism of HIV- 1 inhibitio n by chloroquine seems to be an effect on 
gpl200 on a post-transcriptional level (Tsai et al, 1990; Savarino et al, 2001). Because this is a 
differentt  mechanism than known from other  anti-retrovirals , it has been proposed as a potential 
usefull  drug in combination therapy (Boelaert et al, 2001b; Savarino et al, 2001). 

Severall  countries with a high prevalence of HTV-infection, like Kenya and Malawi, have 
changedd to the use of SP as first line treatment for  malaria. Although no report of an effect of SP 
onn HIV-replicatio n could be identified, in vitr o studies suggest that pyrimethamine in 
concentrationss corresponding to clinical practice suppresses the stimulation of human blood 
mononuclearr  cells (Bygbjerg et al, 1986). SP has been successfully used for  the prevention of 
opportunisticc infections in HTV, in particular  infections with Pneumocystis carinii  and 
toxoplasmosis,, and may be more likely to decrease viral load indirectly through its effect on 
opportunisticc infections. 

Forr  amodiaquine and quinine, no effects on HTV-infection are known, except for  the 
enhancedd replication of virusses as described above (Maheswari et al, 1991). Primaquine has 
beenn reported to be an inhibitor  of HTV integrase, an enzyme used for  viral replication, in an in-
vitr oo model (Fesen et al, 1993). No publication on an interaction between artemesininn derivatives 
andd HTV or  AIDS could be identified. 

Conclusion n 
Althoughh theoretically an interaction was expected between HIV and malaria, initia l 

studiess showed conflicting results. Several studies had potential for  bias (case-control studies, 
retrospectivee studies) and/or  an inadequate sample size. More recent studies suggest that there is 
ann interaction between malaria and HIV , and that this may be influenced by the "native"  state of 
immunityy before HTV-infection was contracted: 

Pregnancy:Pregnancy: HIV-positiv e pregnant women have a higher  prevalence of peripheral and 
placentall  parasitemia, and higher  parasite densities in comparison to HIV -
negativee pregnant women. HTV-infection may act as an effect modifier  in the 
intermittentt  preventive treatment of placental malaria in pregnancy. The role of 
malariaa in pregnancy on transmission of HTV is not clear. 

Adults:Adults: HIV-infected adults appear  to have an increased risk  of P. falciparum parasitemia, 
higherr  density infection and symptomatic infections compared to HTV-uninfected 
adults.. The prevalence of parasitemia and clinical malaria increases with 
decreasingg CD4 counts in HIV-infected adults. However, no association has been 
demonstratedd between HTV infection and presentation with cerebral malaria. 

Children:Children: Although data are somewhat conflicting, overall there is not strong evidence that 
HTVV infection is associated with an increase in the prevalence of malaria. 
Childrenn may be more susceptible to the pathogenesis of malaria (increased 
morbidity) ,, once they have the infection. Malaria in infants may be associated 
withh a less rapid progression of HTV. 

Becausee malaria is such a common disease likely to be encountered by HIV-infected inhabitants 



inn sub-Saharan Africa, it is important to assess possible interactions between HIV and malaria 
throughh carefully designed studies. 

3)) Placental malaria infection and perinatal transmission of human immunodeficiency 
viru ss type 1 infection in Kenya 

Thiss study was designed to assess whether placental malaria is a cofactor for perinatal HIV 
transmissionn and/or for earlier progression of HIV-related illness during the first year of life. 
Effectivee strategies to prevent placental parasitemia are available and would have the potential 
forr decreasing the incidence of mother-to-infant transmission of HIV during pregnancy and/or in 
thee peripartum period or possibly to slow the rate of progression of HIV-related disease. The 
primaryy objectives were: 

A.. To determine whether children bom to HIV-infected women who have placental malaria 
parasitemiaa are at increased risk of congenital HIV infection and/or earlier progression of 
HIV-relatedd disease. 

B.. To determine whether HIV-infected women are at increased risk of placental malaria 
infectionn and/or to have higher placental parasite densities compared to women who are 
nott HIV-infected. 

C.. To assess whether HIV-infected women with low CD4-lymphocyte counts (<200 
cells/ul)) are more likely to have placental malaria infection and/or higher placental 
parasitee densities than HIV-infected women with higher CD4+-lymphocyte counts. 

Thee "vertical transmission study" (VT-study) was a unique opportunity to address other issues as 
well.. This thesis describes results of studies of malaria and HIV in pregnancy, their effects, and 
consequencess for the infant. 

Inn chapter 1 we give an overview of malaria, and HIV in pregnancy, and the potential and 
evidencee for interaction. It also gives an overview of the study site, population and the research 
unit.. Chapter 2 reports on risk factors for HIV infection among asymptomatic pregnant women 
attendingg an antenatal clinic in Western Kenya, and chapter 3 reports on HIV and malaria as risk 
factorss for anemia in late pregnancy. Chapter 4 reports on the effect of HIV on prevalence of 
malariaa in pregnancy, and the interaction as was observed in the VT-study. In chapter 5 the effect 
off  malaria in the presence of HIV infection on the outcome of pregnancy is described. Chapter 6 
reportss risk factors for malaria in pregnancy in the urban and periurban population of Kisumu, 
andd chapter 7 reports on the effect of maternal and infant infection with malaria and/or HIV on 
thee prevalence of anemia in the study population. In chapter 8, summaries of the findings are 
presented. . 

StudyStudy site and population 
Thee studies were conducted in the city of Kisumu, located on the shores of lake Victoria 

withh a population of approximately 300,000 inhabitants. In 1999 an estimated 17,696 
pregnanciess occurred, resulting in a crude birth rate of 54/1,000 inhabitants and "birth density" 
off  61/km2 (Ministry of Finance and Planning, 1999). Most of the population belongs to the Luo 
tribe,, but other tribes are represented (Luhya, Kisii , Kikuyu, Kalenjin, Nandi). Important sources 



off  income are trade, small business labor, subsistence farming, and fishing. Most people in the 
urbann area have casual jobs. 

Inn the areas surrounding Kisumu, estimated individual exposure to mosquito bites 
infectivee for malaria ranges from 90 to 400 per year (Beier et al, 1990; Githeko et al, 1993); 
however,, vector densities and entomological inoculation rates within Kisumu are largely 
uncharacterized.. Transmission is likely to be highest during peaks of rainfall in April-July and 
October-December.. The majority of malaria infections in Kisumu are due to P. falciparum. 
Malariaa is consistently the leading cause of outpatient and inpatient morbidity and mortality, 
accountingg for 15.3% of inpatient admissions and 901 deaths in 1999, according to Kisumu 
Districtt Medical Office of Health figures. 

Thee Provincial Hospital is a 400-bed referral hospital, serving the local low-income 
population.. Approximately 100 pregnant women attend the antenatal clinic per day, and 30 of 
themm do so for the first time. There are approximately 2,200-2,500 deliveries per year, and an 
estimatedd 70% of the women who deliver in the hospital have visited the ANC of the same 
hospital. . 

Amongg women who visited the ANC of the Provincial Hospital and agreed to participate 
inn the VT-study, 20% carried malaria parasites in their blood. The HIV prevalence among 
asymptomaticc women participating in the study has been stable around 25% during the study 
period.. An HIV prevalence of 31% among ANC attendees was reported by a different study 
usingg the same hospital, when consecutive ANC attendees were interviewed, indicating some 
selectionn bias in the VT-study enrollment (Glynn et al, 2001). This last study showed that the 
HIVV prevalence among ANC attendees was very similar to that found in women in the general 
populationn in Kisumu. 

CDC/KEMRICDC/KEMRI Research Unit 
Thee Division of Parasitic Diseases (DPD), CDC, Research Station in Kenya was 

establishedd in 1979 as part of the Kenya Medical Research Institute (KEMRI). Over the past 21 
years,, CDC's investment in the Research Station has resulted in a well-trained staff of Kenyan 
scientists,, clinicians, laboratory technicians, and field workers. 

Sincee 1994, the Research Unit has been involved in research activities at the Provincial 
hospital.. The VT-study, starting in 1996, was originally conducted in the outpatient department 
off  the hospital, but the study soon outgrew its capacity. A study clinic was built on the hospital 
compoundd and was completed in 1999. The laboratory can perform basic tests such as 
assessmentt of hemoglobin level, rapid HIV testing, preparation, staining with Giemsa, and 
readingg of blood smears, and preparation of blood samples. More complex procedures, like DNA 
HIV-PCRR testing, are performed in the laboratories in Kisian, 16 kilometers out of Kisumu. 
Sampless are transported daily. 

EthicalEthical issues 
Thiss study was carried out in a changing environment of perinatal HIV and malaria 

prevention.. In 1998, the Kenyan Ministry of Health switched from chloroquine to SP for the first 
linee treatment of malaria in pregnancy, and to intermittent preventive treatment with SP for the 
controll  of malaria in pregnancy. In cooperation with the Ministry of Health, intermittent 
treatmentt with SP was implemented in the Provincial Hospital. 

Studiess in 1998 and 1999 have shown the benefit of short courses of antiretrovirals in 
preventingg perinatal HIV-transmission. During the yearly review process of the study protocol, 



thee Kenya Ministry of Health repeatedly determined that, in the absence of national consensus 
andd policy, it was inappropriate to introduce provision of services outside of the research 
questionss being addressed that were not standard of care and were not available to women 
outsidee of this study; IRB officials at participating institutions accepted this approach. However, 
sincee 2000, CDC's global AIDS Program (GAP) has initiated AIDS prevention and treatment 
programss in Kenya. GAP, in cooperation with the Kenyan Government, has made nevirapine 
availablee in the Provincial Hospital for the prevention of vertical transmission in HIV-positive 
womenn who know their HIV-status. 
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Summary:: Our objective was to evaluate HTV prevalence and identify risk factors 
forr HTV infection among women attending the antenatal clinic (ANC) at a large 
publicc 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-childd transmission of KfV in western Kenya, HfV-1 antibody testing was 
offeredd to women with a singleton uncomplicated pregnancy of 5*32 weeks' 
gestationn attending the ANC. Women were interviewed using a structured 
questionnairee and had a fingerstick blood sample collected for haemoglobin (Hb), 
malariaa smears, and HTV antibody testing. 

Overalll  HTV 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/dl)) (risk ratio (RR) 1.8), malarial parasitaemia (RR 1.6), fever (axillary 
temperaturee 5=37.53C at screening) (RR 1.6), a history of being treated for either 
vaginall  discharge (RR 1.5) or tuberculosis (RR 1.6), reported alcohol consumption 
(RRR 1.6), being an unmarried multigravida (RR 2.2) or a history of the most recent 
childd having died (RR 2.0). Poisson regression analysis for all women identified 5 
significantt factors independently associated with HIV seropositiviry: anaemia 
(adjustedd 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% Q 
1.1-2.0),, fever (adjusted RR 2.0; 95% CI 1.3-3.2) and reported alcohol consumption 
(adjustedd RR 1.6; 95% CI 1.1-2.5). Multigravidae women whose most recent child 
hadd died were also more likely to be HTV 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 
factorss fitted the data well (goodness-of-fit x2=18.41, P=0.10), its collective capacity 
too predict HIV infection was poor; while 74% of the truly positive women were 
correctlyy predicted positive by the model, 52% of the truly negative women were 
misclassified. . 

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

Keywords::  Risk factors, HIV , pregnancy, antenatal clinic, Kenya, Afric a 
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womenn and young children in sub-Saharan Africa1. 
Inn addition to complications of pregnancy, it is one of 
thee 2 leading causes of death among women of 
reproductivee age in this region2-3. In sub-Saharan 
Africa,, HIV is mainly spread through heterosexual 
transmission,, and the seroprevalence among child-
bearingg women is high. Pregnant women serve as an 
importantt group to monitor the extent of the HIV 
infectionn in the sexually-active general popula-
tion*-tion*- 55.. The prevalence of HIV infection among 
pregnantt women has increased markedly in some 
areass of sub-Saharan Africa from less than 10% in 
1980ss to > 30% in 1997/1998 in Zambia, Malawi and 
Zimbabwe6-* .. Kenya is experiencing a growing 
HIV/AID SS epidemic, and in Nairobi, HIV preva-
lencee among pregnant women increased from 6.5% 
inn 1989 to 13.0% in 19919, and to 16.4% in 199810. 

AA recent study indicated that a short course of 
zidovudinee given in late pregnancy and at delivery 
decreasedd vertical transmission of HIV in a non-
breastfeedingg population by 50%n. In addition, 
HIVV transmission through breastfeeding has been 
clearlyy documented12. The identification of HIV-
infectedd pregnant women through ANC counsel-
lingg and testing would allow for the targeting of 
preventionn strategies to reduce HTV transmission 
fromm mother-to-infant during pregnancy, and in 
thee postpartum period, would permit women to 
makee informed reproductive decisions about 
futuree pregnancies, and would facilitate long-range 
healthh planning for mothers and infants13-1'. 

Accesss to HTV counselling and testing for 
pregnantt women is not common in Kenya or most 
partss of sub-Saharan Africa16. The identification of 
factorss associated with maternal HIV infection may 
enhancee the targeting of the limited resources for 
counsellingg and testing in developing countries to 
sub-populationss among the ANC attenders who 
wil ll  most benefit from the services. As part of an 
on-goingg study to determine the effect of placental 
malariaa on mother-to-child transmission of HTV in 
westernn Kenya, we evaluated HTV prevalence and 
identifiedd risk factors for HTV seropositivity among 
womenn attending the ANC at a large public 
hospitall  in Kisumu town. 

SUBJECTSS AND METHODS 

Studyy site 

Kisumuu is located on the shores of Lake Victoria in 
westernn Kenya with a population of 300,000. The 
mainn ethnic groups in this area are the Luo, 
followedd by the Luhya and the Kisii. Malaria is 
highlyy endemic in the area around Kisumu 
municipality,, principally infection caused by Plas-
modiummodium falciparum, which accounts for 98% of 
malariaa cases (the remaining 2% being P. malariae/ 
P.P. ovale). HTV infection is also highly prevalent in 
thee area1017. Our study was conducted at Nyanza 
Provinciall  General Hospital (NPGH), a large 
governmentt referral hospital with 400 beds, which 

providess healthcare mostly to the low-income 
populationn in this area. On average, about 30 
pregnantt women present each day for their first 
antenatall  care visit to the ANC service. 

Enrolmentt procedures 

Dataa on risk factors for HIV seropositivity were 
collectedd as part of an on-going larger study to 
assesss interactions between HTV infection and 
malariaa during pregnancy and the impact of both 
infectionss on maternal and infant health. The 
objectivess and procedures of the larger study were 
explainedd in the local languages (Dholuo and 
Kiswahili).. All women who came for regular 
antenatall  follow-up and had undergone their 
routinee ANC care were candidates for the study 
iff  they had an uncomplicated singleton pregnancy 
off  >32 weeks of gestation (based on the fundal 
heightt estimation by clinic nurse/midwife), if they 
residedd within the Kisumu municipality, and if 
theyy had no known underlying chronic illness. 
Basedd on these inclusion criteria, on average, only 
100 of the 30 pregnant women making new visits to 
thiss ANC per day were eligible for the study each 
day.. The most common reason for ineligibility was 
residencee outside of Kisumu municipality. Upon 
givingg signed informed consent, each woman was 
interviewedd by trained study assistants using a 
structuredd questionnaire to obtain information on 
sociodemographk,, health, and obstetric factors. 
Shee was then weighed, and a height and axillary 
temperaturee obtained. Upon completion of the 
questionnairee and measurements, each woman 
wass counselled by a trained HIV counsellor in the 
locall  languages, and afterward an appointment for 
post-testt counselling was made. 

Afterr pre-test counselling, a blood sample was 
takenn for HTV antibody testing, Hb, and malaria 
thickk blood smear. To ensure confidentiality, post-
testt counselling was done by the same counsellor 
whoo did the pre-test counselling. The counsellor 
wass the only one who had access to the HTV test 
resultt and the laboratory personnel did not have 
accesss to study participant names. The woman 
receivedd the result in a sealed envelope, and during 
thee post-test counselling session, the implications 
off  the results were discussed with her. If the 
womann requested, more counselling sessions were 
offered,, and all women were encouraged to deliver 
inn Nyanza Provincial General Hospital As part of 
thee post-test counselling for HTV-seropositive 
women,, the risk of breast milk transmission was 
discussed.. The present Ministry of Health policy is 
too recommend continued breastfeeding. Access to 
zidovudinee was not standard in Kenya during the 
studyy period. The study protocol was approved by 
thee institutional review boards at the Kenya 
Medicall  Research Institute (KEMRI) and at the 
CentersCenters for Disease Control and Prevention (CDC), 
Atlanta,, Georgia, USA. 
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Laboratoryy procedures 

HIVV testing was done using 2 rapid tests: Serostrip 
HIV-1/22 [Saliva Diagnostic Systems (Singapore) 
Ptee Ltd] and Capillus HTV-l/HrV-2 (Cambridge 
Diagnosticss Ireland Ltd). A woman who tested 
positivee on both tests was counselled and given 
resultss as HIV seropositive. We had previously 
assessedd the sequential rapid test algorithm by 
confirmationn with Western blot; when positive 
bloodd samples on both tests were confirmed by 
Westernn blot, the sensitivity was 99.8%, specificity 
wass 98.9% and the negative and positive predictive 
valuess were of the same magnitude, respectively18. 
Malariaa smears were stained with 10% Giemsa for 
100 min and parasites in positive smears were 
documentedd using standard methods19. Haemo-
globinn was measured using a Hemocue? machine 
(Missionn Viejo, California, USA). 

Definitions s 

Ann uncomplicated pregnancy was defined as a 
pregnancyy without the presence of hypertension, 
pre-eclampsia,, polyhydramnios an abnormal pre-
sentationn of the foetus, a history of a previous 
Caesareann section, haemorrhage, or repeated abor-
tionss (>2). Parasitaemia was defined as any 
plasmodiall  asexual form detected on a thick 
peripherall  blood smear. Women with Hb < l l g / 
dll  of blood and <7g/dl were considered to have 
anaemiaa and severe anaemia, respectively20. Fever 
wass defined as an axillary temperature of >37.5°C. 
Anyy level of parasitaemia in association with an 
axillaryy temperature of >37.5°C was considered a 
clinicall  case of malaria. Women with reactive sera 
onn the 2 rapid tests were considered HIV 
seropositive.. Marriage referred to having 'ever 
beenn married', whether or not the husband was 
deceased,, and not being currently divorced. 
Alcoholl  consumption referred to present users. 
Hospitalizationn was defined as an admission to the 
wardd for at least a day. Employment was defined 
ass any form of occupation where a wage is earned. 

Statisticall  analysis 

BivariateBivariate analysis 
Thee relationship between demographic, reproduc-
tive,, clinical and laboratory parameters and HTV 
seropositivityy was investigated by bivariate analy-
sis.. The Chi-square test was used to test for 
significantt differences in proportions. Risk ratios 
(RR)) were computed with their 95% confidence 
intervall  (CI) to measure the strength of the 
associationss between the above parameters and 
HIVV infection. Normally distributed continuous 
dataa were compared by the Student's f-test and 
one-wayy analysis of variance (ANOVA). 

MultivariableMultivariable analysis 
Becausee many factors associated with HTV sero-
positivityy are interrelated, adjusted RR were 

estimatedd by a Poisson regression analysis21 to 
adjustt for the confounding effect of different 
explanatoryy risk factors and to assess the indepen-
dentt contributions of each risk factor to the HTV 
seropositivity.. The categories with low prevalence 
weree used as the reference groups in the Poisson 
regression.. Variables were included in the regres-
sionn model if they were significantly associated 
withh HTV seropositivity in the bivariate analyses or 
iff  they are known from prior studies to be 
associatedd with HTV seropositivity. Stratified ana-
lysess by gravidity were performed to assess 
potentiall  confounding and effect modification. 

ModelModel evaluation 
Thee suitability of the model containing significant 
factorss independently contributing to predicting 
HTVV infection obtained in multivariable analysis 
waswas tested by calculating its goodness-of-fit After 
thee goodness-of-fit statistics, an attempt was made 
too evaluate (validate) the predictive accuracy of the 
modelmodel in an unbiased manner (i.e. we attempted to 
testt how the model was expected to fare in a 
different,, 'real' group of patiënte a short while after 
thee development of the model, by using the same 
dataa set)22. This was done by splitting the data set 
intoo 2. The first part (75%) of me data set 
representedd the derivation/training set (i.e. the 
groupp used for deriving the model). The remaining 
dataa set (25%) was used as the test/validation data 
sett to evaluate the derived model21. A person's 
predictedd probability of being HIV positive is 
computedd based on the individual's risk factors. 
Variouss cut-offs in predicted likelihood of being 
HIVV positive were used to evaluate the sensitivity 
andd specificity of the model. If the predicted 
probabilityy is below the cut-off, the model classifies 
thee person as being HTV negative; otherwise the 
personn is classified as being HTV positive. The 
sensitivityy and specificity of the model were 
calculatedd for each of the specified cut-offs. The 
cut-offf  with the best sensitivity and specificity 
valuess was then selected as the classification cut-off 
point.. Epi Info 6.01 (Centers for Disease Control 
andd Prevention, Atlanta, Georgia, USA) and 
Statisticall  Analysis System (Version 6.12, SAS 
Institute,, Cary, North Carolina, USA) software 
packagess were used. P values <0.05 were con-
sideredd statistically significant 

RESULTS S 

Studyy population 

Fromm June 1996 to November 1997, of the 4308 
womenn residing within the study area who visited 
thee study clinic, 85% (3662/4308) met the study 
inclusionn criteria. Of the women eligible for the 
study,, 80% (2930/3662) accepted HTV counselling 
andd testing. Of the women who accepted, 2.9% (86/ 
2930)) had discordant results on the 2 rapid tests 
andd had indeterminate status with Western blot; 
thesee women were excluded from further analysis. 
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Off  the remaining women, 26.1% (743/2844) were 
HTVV seropositive (95% CI: 24.5-27.7). The baseline 
characteristicss of the women are given in Table 1. A 
totall  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 
off  abortion/stillbirth, and 6.7% reported that the 
abortionn or stillbirth had immediately preceded the 
presentt pregnancy. Among the multigravidae 
whosee last pregnancy had ended in live birth, 
19.8%% (319/1613) of the children had died by the 
timetime of interview. 

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

Thee prevalence of malarial parasitaemia at the 
timetime of enrolment was 20.5%, and 75.8% had third 
trimesterr anaemia (Hb<llg/dl). HIV prevalence 
wass 18.2% among the 13-15-year-olds, reaching 
peakk prevalence (>30%) among the 20-29-year-
olds,, with the prevalence decreasing to 14.6% 
amongg the > 35-year-old multigravidae with 6 or 
moree previous pregnancies (Figure 1). 

Factorss associated with HIV seropositivity 

BivariateBivariate analysis 
Characteristicss of the women's medical, demo-
graphics,, and obstetrical history and examination 
thatt were associated with HIV seropositivity by 
bivariatee analysis are shown in Table 2. Among the 

TableTable 1. Baseline characteristics of screened women, Kisumu, 
westernwestern Kenya, June 1996-November 1997 

Variable e 

Luoo ethnic 
Meann age (years) D 
Meann gravidity+ SD 
Primigravidae e 
Completedd primar y education 

(»88 years)* 
Unemployed d 
Marrie d d 
HTV(+) ) 

Al ll  women (n=2844) 

78.0% % 
22.22 9 (range 13—il) 

66 (range 1-12) 
39.2% % 
66.0% % 

75.9% % 
79.7% % 
26.1% % 

20-244 25-29 

Agee (years ) 

30-34 4 >=35 5 

ee data: one woman had no information on education 
Substandardd deviation 

FigureFigure 1. Prevalence of HIV  infection among antenatal clinic attenders 
byby age group and gravidity, Kisumu, western Kenya, June 1996-
NovemberNovember 1997. Figures on top of the bars refer to numbers examined 

 & ;  G2-G5.D »G6 

studyy population as a whole, significant risk factors 
forr HTV seropositivity were history of alcohol 
consumption;; history of treatment for tuberculosis 
orr vaginal discharge; fever at the time of testing; 
anaemia;; malaria parasitaemia and history of being 
hospitalizedd in the current pregnancy. Among 
multigravidae,, those who were not married and 
thosee whose most recent live-bom infant had died 
byy the time of screening were more likely to be HTV 
seropositivee (RR 1.6; 95% CI: 1.2-2.0) and (RR 2.0; 
95%% CI: 1.7-2.3), respectively. Compared with 
otherr women, those whose occupation was un-
skilledd worker/vendor were at a higher risk of 
testingg HTV positive (RR 1.3; 95% CI: 1.1-1.5). 
However,, a history of one or more abortions 
(inducedd or spontaneous) or a stillbirth were not 
associatedd with an increased risk of HIV (RR 1.2; 
95%% CI: 0.9-1.5). Low maternal weight (<50kg), 2 
orr more weeks of medication use during the 
currentt pregnancy, having a positive Venereal 
Diseasee Research Laboratory (VDRL), or reporting 
obstetricall  complaints with the current pregnancy-
weree not associated with being HTV infected. 

MultivariableMultivariable analysis 
Poissonn regression models were performed for the 
wholee study population and separately for primi-
gravidd and multigravid women using significant 
variabless from the bivariate analysis. Factors 
independentlyy associated with HTV seropositivity 
amongg our study population were documented as 
feverr at screening, anaemia, malarial parasitaemia, 
aa history of alcohol consumption and history of 
treatmentt for vaginal discharge during the current 
pregnancyy (Table 3). A significant interaction was 
foundfound between parasitaemia and documented 
feverr (P=0.042). Clinical malaria was not associated 
withh increased risk of HIV infection, but para-
sitaemiaa without fever was. Similarly, documented 
feverr in the absence of malarial parasitaemia was 
associatedd with HIV infection. Compared with 
womenn with no risk factor, those with at least 
onee risk factor were at higher risk of HIV-1 
infectionn (RR 2.3, 95% CI: 1.5-3.6). Among the 
multigravidae,, reported death of the most recent 
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TableTable 2. Risk factors associated with HIV seropositivity among pregnant women attending the 
antenatalantenatal dink (ANC), Kisumu, western Kenya, June 1996-November 1997 

Al ll  women («=2844) 

Variable e HIV(+ )) M=743 (26.1%) HTV( - ) r«=2101 (73.9%) RR (95% CI) 

Agee <22 years 
Educationn >8 years* 
Employed* * 
Marrie d d 
Unmarriedd multigravidae* 
Lastt  child deceased* 
Consumess alcohol 
Treatedd for  TB (now/past) 
Vaginall  discharge* 
Hospitalized1 1 

Historyy of fever  previous week* 
Temperaturee ^375'C* 
Weightt  <50kg* 
VDRL(+)* * 
Haemoglobinn < l lg /d l * 
Bloodd smear  positive* 

50.1% % 
67.0% % 
24.1% % 
82.2% % 
8.4%%  (486) 

33.0%%  (449) 
3.2% % 
2.2% % 
73% % 
4.7% % 

28.2% % 
5.2% % 
2.6% % 
2.8% % 

85.1% % 
29.1% % 

55.4% % 
65.6% % 
20.4% % 
78.9% % 
4.5%%  (1242) 

14.4%%  (1165) 
1.6% % 
1.0% % 
4.3% % 
3.0% % 

25.3% % 
2.6% % 
2.2% % 
2.1% % 

72.5% % 
17.5% % 

1.22 (1.0-13) 
1.11 (0.9-1.2) 
1.22 (1.0-15) 
1.22 (0.9-1.4) 
1.66 (1.2-2.0) 
2.00 (1.7-23) 
1.66 (1.2-2.2) 
1.77 (1.2-2.4) 
1.55 (1.2-1.8) 
1.44 (1.1-1.8) 
1.11 (0.9-13) 
1.66 (13-2.1) 
1.11 (0.8-1.7) 
1.22 (0.8-1.8) 
1.88 (15-2.2) 
1.66 (1.4-1.8) 

ee data: one woman had no information on education, 4 women on work, one on fever  in the 
previouss week, 12 had no temperature measurements, 4 had no weight taken, 281 had no Venereal 
Diseasee Research Laboratory (VDRL) test results recorded on their  ANC card, 96 had no haemoglobin 
resultss and 11 had no blood smear 
*Multigravida ee only. Number  studied in parentheses 
'Hospitalizedd during «he current pregnancy 
Treatedd for  vaginal discharge durin g this pregnancy 
RR=riskk ratio; CI=confidence interval; TB=rubercuIosis 

live-bornn infant was the only risk factor in addition 
too the above identified factors. Being unmarried 
andd reported hospitalization during the current 
pregnancyy were no longer significant risk factors 
forr HIV infection after adjustment for other 
variables. . 

Thee prevalence, sensitivity, specificity, and 
positivee predictive value for individual factors 
independentlyy associated with HIV infection are 
displayedd in Table 4. Apart from anaemia, most of 
thee risk factors had low sensitivity but high 
specificity.. Most of the pregnant women had at 

TableTable 3. Risk factors associated with HIV seropositivity 
(multivariable(multivariable model) among pregnant women attending 
thethe antenatal clink in Kisumu, western Kenya by 
gravidity,gravidity, ]une 1996-November 1997 

Variable e 
Adjustedd RR (95% CI) 
All **  (n=2844) 

Feverr  with no parasitaemia 2.0 (13-3.2) 
Anaemiaa 1.7 (1.4-2.1) 
Parasitaemiaa without fever  1.7 (1.4-2.0) 
Consumess alcohol 1.6 (1.1-25) 
Treatedd for  vaginal discharge 15 (1.1-2.0) 
Lastt  child deceased' 1.9 (15-23) 

ee model adjusted for  ethnicity, age, axillary temperature 
atat screening, peripheral parasitaemia, anaemia, history of 
treatmentt  for  vaginal discharge, history of alcohol consump-
tionn and history of treatment for  tuberculosis. All were 
enteredd as categorical variables 

ee only (n=1728) 

leastt one of the significant risk factors; however, the 
presencee of at least one risk factor had high 
sensitivityy but low specificity and low positive 
predictivee value. Only 5.5% (156/2844) of the 
womenn had none of the identified risk factors; 
12%% (18/156) of those were HTV positive. Thus, 
onlyy a very small proportion (2.4%, 18/743) of the 
HIV-positivee women had none of the identified 
riskk factors. 

ModelModel evaluation 
Thee suitability of the 5-variable model for all 
womenn in predicting HTV infection was tested by 
calculatingg its goodness-of-fit. The results showed 
noo evidence of an overall lack of fit of the 5-variable 
model,, (goodness-of-fit xM8.41, P=0.10). After the 
goodness-of-fitt statistics, the predictive accuracy of 
thee 5-variable model was evaluated (validated), 
usingg 25% of the sample as already explained. Even 
thoughh the 5 variables in the model contributed 
independentlyy in predicting HTV seropositivity 
amongg pregnant women, their collective capacity 
too predict seropositivity was poor. When the 
sensitivityy and specificity of the 5-variable model 
weree calculated for various cut-off values for the 
predictedd probability of being HTV positive, the 
maximumm value for sensitivity (74%) and specifi-
cityy (48%) occurred at a cut-off of 0.20. Using 0.20 
ass a prediction cut-off point, we calculated the 
proportionn of women correctly classified [i.e. 
proportionn of screened women in the total sample 
whosee observed HTV status (negative or positive) 
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TableTable 4. Prevalence, adjusted relative risks, sensitivity, specificity, and and positive predictive value (PPV) of identified 
risk/actorsrisk/actors for HIV-1 infection among pregnant women attending the antenatal clink in Kisumu, western Kenya, 
JuneJune 1996-November 1997 

Riskk factor 

Anaemia a 
Parasitaemia a 
Treatmentt  for  vaginal discharge 
Feverr  (>373°Q 
Alcohol l 
Lastt  child deceased* 
Anyy risk factor 

Prevalencee (n) 

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

19%%  (1728) 
94.5%%  (2844) 

Adjustedd RR (95% CI) 

1.77 (13-2.0) 
1.77 (1.4-2.0) 
133 (1.1-2.0) 
2.00 (13-3.2) 
1.66 (1.1-23) 
1.99 (1.7-2.8) 
233 (13-3.6) 

Sensitivity y 

85.1% % 
29.1% % 
7.3% % 
5.2% % 
3.2% % 

30.5% % 
97.6% % 

Specificity y 

273% % 
823% % 
95.7% % 
97.4% % 
98.4% % 
86.2% % 
63% % 

PPV V 

293% % 
37.0% % 
373% % 
41.9% % 
41.4% % 
463% % 
27.0% % 

*Multigravida ee only. «=number  of women examined among the study population 

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

DISCUSSION N 

Thee high prevalence of HIV infection (26.1%) 
amongg this population of pregnant women visiting 
aa large government ANC in Kisumu town is 
consistentt with similar studies from sub-Saharan 
Africaa that have reported >20% HIV seropreva-
lencee among women attending the ANC6"10'17-23-28. 
Thee acceptance rate for HIV counselling and testing 
inn this public ANC was high (80%), and most 
womenn returned for their HIV test results18. 
Whetherr the prevalence of HTV infection among 
pregnantt women in Kisumu who were eligible to 
participatee in the study but declined to do so is 
greaterr or less than the observed 26.1% is 
unknown.. In addition, our study only included 
womenn who had attained a gestational age of 32 
weekss or more and who had uncomplicated 
pregnancies.. If early foetal loss were more common 
amongg HTV-seropositive women, then the true rate 
amongg pregnant women would likely to be higher 
thann that reported in our study. A recent study 
fromm Uganda indicated that HIV-seropositive 
womenn may have lower fertility rates23, which 
wouldd also suggest that the high rate reported 
amongg pregnant women in our study may actually 
bee an underestimate of the rate among all women 
off  reproductive age. The high prevalence of HIV-1 
infectionn (18.2%) observed among young pregnant 
womenn (< 16-year-olds) suggests that a sizeable 
numberr of women in western Kenya are exposed to 
HIVV almost from the time they became sexually 
active. . 

Mostt pregnant women in Kenya do attend ANC. 
Resultss from a survey we conducted in 1994 
indicatee that more than 95% of pregnant women 

inn western and coastal Kenya have at least one 
ANCC 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 
too identify HIV-infected pregnant women for 
interventionss to reduce mother-to-infant HIV 
transmission.. Although universal access to HTV 
counsellingg and testing for all pregnant women 
wouldd be optimal, the costs of such a programme 
mayy be prohibitive in many areas where most 
pregnantt women receive antenatal care through 
publiclyy financed clinics. The identification of risk 
factorss for HTV infection has the potential to allow 
targetingg of ANC counselling and testing services 
too women with the greatest risk and has the 
potentiall  for significant cost savings in a resource-
poorr environment such as western Kenya. 

Althoughh access to effective HTV treatment 
optionss are limited for pregnant women in most 
areass of the developing world, those who have 
acceptedd counselling and testing and who are 
foundd to be seropositive may benefit from advice 
regardingg improved self-care, including adequate 
hygienee and nutrition, seeking early healthcare at 
thee first sign of illness, and how to prevent the 
spreadd of the infection to others. In addition, 
interventionss such as short-course zidovudine13-14 

orr nevirapine15, which have been shown to reduce 
peripartumm mother-to-infant transmission, as well 
ass evaluation of strategies to prevent breast milk 
transmission300 hold the promise that mother-to-
infantt HTV transmission can be reduced even in 
resource-poorr settings. Delivery of these control 
strategiess will require a mother's knowledge of her 
HTVV infection status, since only HIV-infected 
womenn would be expected to benefit from these 
interventions. . 

Inn our multivariable analysis, malaria and 
anaemiaa were strongly associated with HTV sero-
positivity.. The higher risk of HTV infection among 
pregnantt women with malaria parasitaemia is 
consistentt with previous studies that demonstrated 
thatt HIV-infected women are at greater risk of 
malariaa during pregnancy than uninfected wo-
men17-31-33.. The markedly higher prevalence of HTV 
infectionn among pregnant women with anaemia 
hass also been observed in other studies in mis 



Ayisii  et al. Risk of HIV among pregnant women in Kenya 399 

region2-34.. One recent study documented a very 
highh HIV infection among anaemic pregnant 
womenn and recommended that HIV be included 
inn the evaluation of the aetiology of anaemia in 
areass of high prevalence of HIV infection35. In this 
study,, documented fever in the absence of malarial 
parasitaemiaa was also associated with HTV infec-
tion.. Fever per se has been reported to be a marker 
forr HTV seropositivity, and seroprevalence among 
febrilee patients has been found to be higher than 
thatt in the general population4-36. 

Reportedd death of the infant most recently 
deliveredd was associated with HIV infection during 
thee current pregnancy. The high prevalence of HIV 
infectionn among the pregnant women will inevi-
tablyy result in an increasing number of children 
whoo wil l be infected with HIV through mother-to-
infantt transmission. The association of maternal 
HIVV infection with death of the most recent infant 
amongg pregnant women has also been observed in 
otherr studies37 and is likely to be in part due to 
mother-to-infantt transmission of HTV either in the 
peripartumm period or through breastfeeding12-13. 
Thee association of higher infant mortality rates 
withh maternal HTV infection have been reported in 
studiess from Brazzaville (39%) and Kinshasa 
(21%)38-39.. The norm in most parts of Africa for 
womenn who loose their infants through death is to 
gett another pregnancy to replace the lost child. 
Accesss of such women to information about their 
HIVV infection status through ANC counselling and 
testingg may permit them to make better informed 
reproductivee decisions about their future pregnan-
ciess and prevent subsequent vertical transmission 
too susceptible infants. 

Wee observed no association between HTV 
infectionn and reported history of one or more 
abortionss (induced or spontaneous) or reported 
historyy of stillbirth among women in our study. 
Thiss is in contrast to an increased rate of 
spontaneouss abortion reported for HIV-infected 
womenn elsewhere in Africa40. Our study suggests 
thatt unlike women with more advanced disease, 
asymptomaticc HTV infection may not significantly 
increasee the rate of foetal wastage41. 

Thee prevalence of history of treatment for 
tuberculosiss was low in this population (1.4%) 
andd is likely due to the fact that women with 
knownn underlying illness were not eligible for 
enrolmentt into this study. Despite the fact that 
onlyy asymptomatic women in apparent good 
healthh were included in the study, there was a 
positivee association between HTV infection and 
historyy of being treated for tuberculosis in 
bivariatee analysis of the entire study population. 
Thiss confirms observations by other studies from 
sub-Saharann Africa, which have demonstrated a 
highh prevalence of tuberculosis and HTV co-
infection42-43. . 

HIVV seropositivity was also associated with 
historyy of treatment for vaginal discharge. We 
weree unable to collect more information on the 

aetiologiess of vaginal discharge in this population, 
butt studies have observed a high prevalence of 
vaginall  discharge, mostly due to candidiasis, 
amongg HTV-seropositive women and particularly 
amongg those with immunosuppression44"" . 
Althoughh few pregnant women reported alcohol 
use,, it was also associated with HTV seropositivity 
inn this population. A study from the Central 
Africann Republic showed an association between 
alcoholl  use and multiple sex partners, particularly 
amongg women47. However, our study was not 
designedd to determine whether such an associa-
tionn exists among pregnant women in western 
Kenya.. Cigarette smoking and blood transfusion 
wass very rarely reported in this population (less 
thann 1% of the women reported either of these 
factors)) and the small numbers made it impossible 
forr us to detect any potential association with HTV 
seropositivity. . 

Althoughh risk factors for HTV infection were 
discerniblee from our study by Poisson regression, 
thee model containing the 5 identified risk factors 
hadd a low positive predictive value for HTV 
infection.. In addition, only 5.5% of the women 
hadd none of the identified risk factors. Because of 
thee high prevalence of HTV and high prevalence of 
factorss associated with HTV infection in our entire 
studyy population, it was not possible based on our 
dataa to identify a well-defined sub-population of 
womenn to whom counselling and testing for HIV 
shouldd be targeted. As a consequence, the overall 
populationn of pregnant women attending this 
ANCC must be considered at high risk of HIV 
infection. . 

Ourr study confirms findings of previous 
studiess that were unable to identify asympto-
maticc HIV-infected women among ANC atten-
derss using non-serological information37'48. Given 
thee high prevalence of asymptomatic HIV infec-
tiontion in our population and elsewhere in sub-
Saharann Africa6-10'15'22"27 and the new and evol-
vingg opportunities for preventing perinatal HIV 
transmission,, it appears that in western Kenya 
andd in similar settings elsewhere, universal access 
too voluntary HIV counselling and testing would 
bee preferable to targeted screening. 
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Abstract.Abstract. To assess risk factors for  anemia in late pregnancy, we studied healthy pregnant women with a singleton 
uncomplicatedd pregnancy of a 32 weeks attending the prenatal clinic in the Provincial Hospital in Kisumu. Kenya. 
Betweenn June 1996 and December  1998, 4.608 pregnant women had a Wood sample collected for  hemoglobin (Hb) 
measurement,, malaria smear, and testing for  human immunodeficiency viru s (HIV) . The mean * standard deviation 
off  Hb was 9.58 * 1.8 g/dL; 21% had malaria in their  blood; and 2 5*  of the women were HIV seropositive. 
PlasmodiumPlasmodium falciparum parasitemia was more common among HIV-seropositive women in all gravidities compared 
withh HTV-seronegative women (risk ratio, 1.71; 95% confidence interval, 1.53-1.92). In a multivariat e analysis, for 
primi -- and secundigravidae women, the factors malaria, belonging to the Luo tribe, and HIV seropositivity were 
significantlyy associated with any anemia (Hb < 11 g/dL), and HIV seropositivity and documented fever  were asso-
ciatedd with severe anemia (Hb < 7 g/dL). In women of higher  gravidities. HTV seropositivity was the only statistically 
significantt  factor  associated with any anemia or  with severe anemia. Asymptomatic HIV seropositivity is an important 
riskrisk  factor  to be considered in the differential diagnosis of maternal anemia, independent of P. falciparum parasitemia. 

INTRODUCTIO N N 

Anemiaa in pregnancy is a major  public health problem in 
sub-Saharann Africa , where the prevalence can be as high as 
75%.,-tt Anemia, even when mild, is associated with reduced 
workk productivity . During pregnancy, severe anemia (he-
moglobinn [Hb] < 7 g/dL) may result in circulatory changes 
thatt  are associated with an increased risk of heart failure." 
Durin gg labor, women with severe anemia are less able to 
enduree even moderate blood loss and as a consequence are 
att  a higher  risk of requirin g a blood transfusion during de-
livery 7" **  In addition, severe anemia in pregnancy is an im-
portantt  direct and indirect cause of maternal death,10-"  and 
forr  the fetus, severe maternal anemia may result in intra -
uterinee growth retardation, stillbirth,  and tow birt h 
weight.7-'*- 1* * 

Thee etiology of anemia in sub-Saharan Afric a is complex 
andd multifactorial . Malari a is reported as a major  cause of 
anemia,, particularl y in first  and second pregnancies.2" 4-*  Iron 
deficiencyy is the most common cause of anemia related to 
nutritio nn and is particularl y common in multigravidae wom-
en.1-''  Other  nutritiona l deficiencies (vitamin B,;. folic acid, 
andd vitamin A), congenita) blood cell disorders (sickle ceil 
disease,, a-thalassemia. and glucosc-6-phosphatase deficien-
cy),, and infections (hookworm, schistosomiasis, or  tuber-
culosis)) may also contribute to anemia in pregnancy. 

Althoughh human immunodeficiency virus (HIV ) infection 
iss now well recognized as a major  problem among pregnant 
womenn in sub-Saharan Africa , its impact on maternal health 
inn the absence of acquired immunodeficiency syndrome 
(AIDS)) is not well documented. HIV infection has been as-
sociatedd with anemia in pregnancy*  and may have both a 
directt  effect on decreasing Hb levels and an indirect effect 
byy increasing malaria.," *  Conversely, iron-deficiency ane-
miaa and malaria have been associated with impairment of 
thee immune system and could have an impact on the course 
off  HIV and other  infections.1*-" 

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

MATERIA LL  AND METHOD S 

Studyy site. This study was conducted at Nyanza Provin-
ciall  General Hospital (NPGH.» in Kisumu. Kisumu. with a 
populationn of - 300.000, is located on the shore of Lake 
Victori aa in western Kenya. Malari a transmission occurs 
throughoutt  the year, with peak transmission typically at the 
endd of the rainy season from mid-Apri l through June. Plas-
modiummodium falciparum accounts for  98% of die malaria cases. 
Chloroquinee resistance is widespread, and - 75% of P. fal-
ciparumciparum infections demonstrate an RII-RII I  resistance pat-
tern.1''  NPGH is a government-referral hospital with a tout 
off  400 beds: it provides health care mostly to the local low-
incomee population. On average. — 100 women attend the 
prenatall  clinic service daily, of whom 30% arriv e for  their 
firstfirst  prenatal visit. 

Studyy population and enrollment procedures. Healthy 
pregnantt  women visiting the prenatal clinic service of the 
NPGHH with an uncomplicated singleton pregnancy of at 
leastt  32 weeks*  gestation and residing in the Kisumu area 
weree invited to participate in the study. Women with known 
underlyingg chronic illness (e.g.. diabetes mellitus or  cardio-
vascularr  disease), a complication of pregnancy, or  an in-
abilit yy to provide informed consent were excluded from par-
ticipation.. After  informed consent was obtained, a question-
nairee was completed to collect information on age. place of 
residence,, education, socioeconomic status, and medical and 
obstetricall  history. Informatio n was obtained regarding re-
centt  hospital admissions, symptoms, and medications. Body 
weightt  and axillar y temperature were measured. After  the 
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TABL EE 1 

Characteristicss of the study population 

Maternall  age (years), mean r SDt 
Luoo tribe <<H 
Educationn s 8 years ('t)* . 
Marrie dd (<*>§ 
Socioeconomicc status (low/middle) (%r1 
Reponedd fever  in previous week (%Jt 
Antimalarial ss in this pregnancy {%)$ 
Hematinicss in this pregnancy (%) 
Hospitalizedd in this pregnancy 
Gravidity ,, median (range) 
Weightt  (kg), mean  SDt 
Temperaturee s 37.5*C (%># 
Malari aa parasitemia l%)5 
Geometricc mean parasite density per  microliter  of bloodsj 
HIVV seropositive}** 
Hemoglobinn Ig/dL), mean - SDtt 
Hemoglobinn < ! 1 g/dL («*)$ 
Hemoglobinn < 7 g/dL (*> 

 CI  - pnnugravidae; C2 - vcundifravidac: CeJ - ftavidac 3 or  more. 
**  SD  siandan] drviaiion. 
tt  Beneen CI  and G*J . ^ < 0.05. and between C: and G i j . f < 0.03. 
II  Between il l fnridil v frmpl . > < 003. 
11 Between Gl and G2. /  < 0.05. and t* i*« n CI  and CE.1. f < 0.5. 
»» Between Gl and GeJ. ^ - 0.003. 
—— Result» of HIV t n o available far 4.317 ..omen. 
t tt  Between GÏ  JOd G*3. f» - 0.001. 

All l 
inn - 4.60t) 

22.11  4.9 
79.1 1 
63.7 7 
79.3 3 
79.3 3 
22.9 9 
19.5 5 
111 1 
3.1 1 

2(1-11) ) 
63.11 r 8.1 

2.1 1 
20.7 7 

545 5 
25.2 2 

9.588 i 1-8 
77.8 8 
6.8 8 

Gl l 
Inn - I-T-Ol 

18.88 = 2,5 
79.1 1 
70.2 2 
56.7 7 
74.1 1 
22-2 2 
I 6 J J 
11.4 4 
3.0 0 
I I 

62.66 = 7.7 
2.8 8 

27.3 3 
758 8 
22.0 0 

9.577 = 1.7 
78.6 6 
6.5 5 

G: : 
inn - U » 

21.22 i 3.0 
78.9 9 
69.3 3 
90.2 2 
83.4 4 
20.3 3 
17.6 6 
11.0 0 
3.4 4 
2 2 

62.44 = 7.5 
2.0 0 

19.0 0 
492 2 

29.0 0 
9.466 r 1.7 

80.6 6 
7.8 8 

Ct J J 
mm - 1.010) 

26.66 r 4.6 
79.3 3 
52.2 2 
98.0 0 
82,4 4 
25.6 6 
24.7 7 
10.7 7 
3.2 2 

4 ( 3 - 9) ) 
64.11 = 8.8 

1.3 3 
14.2 2 

285 5 
25.4 4 

9.688 Z. 1.8 
75.0 0 

6.5 5 

patientt  received counseling about HIV , blood was obtained 
byy fingerprick  for  HTV testing, a malaria thick smear, and 
Hbb levels. An appointment was made for  posttest counsel-
ing.. Al l women, regardless of their  HIV testing results, were 
encouragedd to deliver  in the hospital. Although iron and folic 
acidd tablets are standard components of prenatal services. 
durin gg the study period, they were not routinely available. 
Thee study was completed before the introduction of pre-
sumptivee intermittent treatment with sulfadoxine-pyrimeth-
aminee as the national policy for  control of malaria in preg-
nancy.-4 4 

Laborator yy procedures. Peripheral blood smears were 
stainedd with Giemsa and examined under  oil immersion for 
malariaa parasites. A thick smear  was considered negative if 
1000 microscopic fields revealed no parasites. Malari a para-
sitess were counted against 300 leucocytes. Parasite densities 
weree estimated by assuming a count of 8.000 white blood 
cellss per  microliter  of blood. Hemoglobin was measured 
withh a HemoCue machine (HemoCue AB, Angelholm. Swe-
den).. HIV testing involved the use of 2 rapid test methods: 
Serostripp 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; 
severesevere anemia was denned as Hb < 7 g/dL.'  An uncompli-
catedcated pregnancy was defined as a pregnancy without evi-
dencee of multipl e gestation, hypertension, pre-eclampsia. 
polyhydramnios,, an abnormal presentation of the fetus, a 
historyy of caesarian section, hemorrhage, or  recurrent abor-
tionss (> 2). Socioeconomic status was based on materials 
usedd for  house construction.25 Documented fever was an ax-
illar yy temperature of a 37.5aC at the time of screening. Low 
maternalmaternal weight was defined as a maternal body weight of 
<< 50 kg. Malaria was defined as the presence of asexual-

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

Analysiss and statistical methods. Differences in means 
weree compared by Student's /-test and 1-way analysis of 
variance.. The Mann-Whitney test was used for  nonparamet-
ricric  comparison of 2 groups. Differences in proportions were 
analyzedd using the chi-square test or  Fisher's exact test when 
appropriate.. Primi - and secundigravidae women (G1/G2) 
hadd many characteristics that were significantly different 
fromm women who were pregnant for  the thir d time or  more 
(G*=3)) (Table I) . To assess risk factors for  anemia, the anal-
ysiss was stratified by these gravidity groups (G1/G2. and 
G^3) .. Poisson regression was used to examine the associ-
ationn between anemia and several maternal characteristics 
thatt  were found to be significant in the univariate analysis, 
thatt  we thought were biologically important , or  both on the 
basiss of published repons. Factors were removed if they 
weree not statistically associated (P £ 005) with "any ane-
mia""  or  "severe anemia"  after  adjustment for  other  factors. 
Possiblee interactions between significant variables were as-
sessed.. The statistical programs SPSS (SPSS for  Windows 
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TABL EE 2 

Meann 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-
Dece'mberr  1998* 

Grand" ; ; 

1 1 
» » 

3 3 
4 4 
5 5 

>> 5 
Total l 

» » 
1.870 0 
1.128 8 

653 3 
429 9 
26) ) 
267 7 

4.608 8 

Menn = SD 

9.577 * 1.74 
9.466 i 1.72 
9.611  183 
9.700 * 1.81 
9.733 = 1.85 
9.777 * 1.75 
9.588 i 1.77 

Amm «ncmu 
144 i 

78.6 6 
80.6 6 
75.5 5 
74.6 6 
75.5 5 
74.2 2 
77.8 8 

Seven n 
anemiaa r* 

6.5 5 
7.8 8 
6.9 9 
6.5 5 
6.5 5 
5.6 6 
6.8 8 

 An> anemia - hemoglobin < 11 p4L: K« f i anemu  hrmaf lobia < 7 |AJL. SO -
tundardd deviation 

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

Ethicall  clearance. The study protocol was reviewed and 
receivedreceived ethical clearance by the institutional review boards 
off  the Kenya Medical Research Institute. Nairobi, the Cen-
terss for Disease Control and Prevention, Atlanta. Georgia, 
andd the Academic Medical Center of the university of Am-
sterdam,, The Netherlands. 

RESULTS S 

Characteristicss of the study population. From June 
19966 through December 1998. a total of 5.532 women at-
tendingg the prenatal clinic were eligible for the study, of 
whomm 4,724 (85%) agreed to participate. Twenty-six women 
(0.6%)) participated twice in the study because a second 
pregnancyy occurred within the study period, but only the first 
pregnancyy was included in this analysis. The Hb level was 
nott available for 90 women (1.9%). and these women were 
excludedd from analysis. Of the 4.608 women included in the 
finalfinal analysis, 1.870 women (40.6%) were G l, 1,128 
(24.5%)) were G2. and 1.610 (34.9%) were G&3. Sixty per-
centt of the women came from the urban Kisumu area, and 
40%% came from semiurban and rural areas surrounding Kis-
umuu town. 

Characteristicss of the study population are given in Table 
I.. Most participants belonged to the Luo tribe. Mean ges-
tationall  age at screening was 34.8 weeks (standard deviation. 
2.33 weeks), with no difference among gravidities. Multi -
gravidaee women had visited the prenatal clinic service fewer 
timess before enrollment (median. 2 times: range. 1-11 times) 
thann had Gl and G2 (median. 3 times: range. 1-11 times: 
Mannn Whitney test, P < 0.001). The G2 women had the 
lowestt mean Hb (9.46 g/dL) and the highest prevalence of 
severee anemia (7.8%) (Table 2). Grande multigravidae wom-
enn had the highest mean Hb (9.77 g/dL) and lowest preva-
lencee of severe anemia (5.6%). but the differences in mean 
andd prevalence of severe anemia were not significant be-
tweenn the different gravidity groups. 

Thee prevalence of maternal malaria at enrollment was 
27.3%% in GI and significantly higher than in G2 women (risk 
ratioo (RR). 1.44: 95% confidence interval [CI] , 1.25-1.66). 
Thee prevalence of malaria among G2 was also significantly 

higherr than among multigravid women (RR. 1.34; 95% CI 
1.13-1.59).. In 98.9% of the infections. Plasmodium falci-
parumparum was present. HIV-seropositive women were more 
likelyy to have malaria parasites than HIV-seronegative wom-
enn (RR. 1.71; 95% CI. 1.53-1.92) and to have significantly 
higherr geometric mean parasite densities (907 and 408 par-
asitess per microliter of blood, respectively: r-test. P < 
0.001).. In Gl with any anemia, the geometric mean parasite 
densitiess was significantly higher compared with GI with no 
anemiaa (r-test: P = 0.008). for severe anemia, no significant 
differencee was detected. Women of higher gravidities with 
anemiaa did not have significant differences in geometric 
meann parasite densities compared with those without anemia 
(dataa not shown). 

Overall.. 2.1% of the women had documented fever. The 
HIV-seropositivee women were more likely to have docu-
mentedd fever than were HIV-seronegative women (RR, 2.24: 
95%% CI, 1.50-3.36). Documented fever was associated with 
parasitemiaa among all women of all gravidities (RR, 2.08; 
95%% CI. 1.64-2.65). 

AA large proportion of women (44.4%) reported use of 
medicationn for fever or malaria in this pregnancy: 1,108 
womenn (54.1%) had used an antipyretic. 899 women 
(43.9%)) had used an antimalarial, and 40 women (2.0%) 
usedd an unknown drug. Of the 899 women who reported the 
usee of an antimalarial. 68.5% reported use of chloroquine. 
27.5%% reported use of sulfadoxine-pyrimethamine, and 4% 
reportedd use of quinine. The HIV-seropositive women were 
moree 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-seronegativee women (RR. 1.63; 95% CI. 1.17-2.28). 

Onlyy 509 pregnant women (11%) had a history of he-
matinicc 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%) 
hadd used iron tablets alone. Women with a history of intake 
off  hematinics were more likely to have a history of fever 
(RR,, 1.36; 95% CI, 1.18-1.57), to have taken antimalarials 
(RR,, 1.88; 95% CI. 1.64-2.16). or to have been admitted in 
aa hospital during this pregnancy (RR. 2.49; 95% CI. 1.71-
3.61).. but they were not more likely to be HIV infected. 

Riskk factors for anemia. Characteristics associated with 
anyy anemia and severe anemia by univariate analysis are 
shownn in Table 3. The factors associated with any anemia 
inn GI/G2 were, in order of the Strength of the association: 
malaria,, tribe. HIV seropositiviry. documented fever, enroll-
mentt during rainy season, and a history of fever: for severe 
anemia,, significant factors included documented fever, HIV 
seropositiviry.. tribe, and malaria. The factors associated with 
anyy anemia in G s3 included: HIV seropositiviry, tribe, an 
unfinishedd primary-school education, and malaria. However. 
HIVV seropositivity was the only significant factor for severe 
anemiaa for G&3. No significant association was found be-
tweenn severe anemia and marital status, socioeconomic sta-
tus,, fever in the week before the prenatal clinic visit, season 
off  the year, the use of antimalarials or hematinics in this 
pregnancy,, and low maternal weight. 

Amongg HIV-seronegative G1/G2. reported use of anti-
malariall  treatment in this pregnancy was associated with a 
significantt reduction in parasitemia (RR. 0.69; 95% CI. 
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TASLEE 3 
Factorss associated with anemia in late pregnancy. Kisumu. western Kenya. June 1996-November  1998* 

Variabl e e 

Trib e e 
Luo o 
Other r 

Educatio n n 
0-77 years 
aa 8 years 

Marita ll  statu s 
Singl e e 
Marrie d d 

SES S 
Low/middl e e 
High h 

Histor yy of fever 
Yes s 
No o 

Antimalaria l l 
Yes s 
No o 

Ferro/foli cc  supplementatio n 
Yes s 
No o 

Season n 
Rainy y 
Dry y 

Axillar yy  temperatur e 
C C 

<< 37.5*C 

Weigh t t 
<< 50 kg 
a::  50 kg 

Malari a a 
Present t 
Absen t t 

HIVV serostatu s 
Positiv e e 
Negativ e e 

c i / c ::

81.6 6 
70.6 6 

79.1 1 
79.4 4 

78.3 3 
79.8 8 

79.5 5 
78.7 7 

82.3 3 
78.5 5 

76.1 1 
80.0 0 

79.5 5 
79.3 3 

81.7 7 
77.5 5 

86.8 8 
79.1 1 

78.9 9 
79.3 3 

88.4 4 
76.4 4 

86.4 4 
77.0 0 

An y y 

RRR » 3 * Ct 

1.16 6 
1.10-1.22 2 

0.99 9 
0.96-1.04 4 

0.98 8 
0.94-1.02 2 

1.01 1 
0.97-1.06 6 

1.05 5 
1.01-1.09 9 

095 5 
0.90-1.00 0 

1.00 0 
0.95-1.06 6 

1.05 5 
1.02-1.09 9 

1.10 0 
1.00-1.20 0 

0.99 9 
0.88-1.12 2 

1.16 6 
1.12-1.20 0 

1.12 2 
1.08-1.16 6 

""  Ct  confluenc e i iuerni : C I / 0 2 "  pnmi - and «cundigravidae . G a 3
(determine dd on the bui s of material s fo r hous e construction) . An y anemi a

anemi a a 

G E J I * I I 

76.5 5 
69.5 5 

77.5 5 
72.8 8 

78.8 8 
75.0 0 

75.9 9 
70.8 8 

77.2 2 
74.2 2 

75.3 3 
74.9 9 

72.1 1 
75.4 4 

76.9 9 
73.3 3 

85.7 7 
74.9 9 

83.9 9 
74.8 8 

79.7 7 
74.4 4 

86.0 0 
71.6 6 

iravKta ee 3 or 
hemoglobi nn < 

RRR M l - a 

1.10 0 
1.02-1.19 9 

1.07 7 
1.01-1.13 3 

1.05 5 
0.88-1.26 6 

1.07 7 
0.99-1.16 6 

1.04 4 
0.98-1.11 1 

1.01 1 
0.94-1.07 7 

0.96 6 
0.87-1.06 6 

1.05 5 
0.99-1.11 1 

1.14 4 
0.96-1.37 7 

1.12 2 
0.96-1.31 1 

1.07 7 
1.00-1.15 5 

1.20 0 
1.14-1.27 7 

C l . t j ::  I < * I 

7.5 5 
5.1 1 

8.2 2 
6.4 4 

6.0 0 
7.4 4 

7.4 4 
5.5 5 

7.1 1 
6.9 9 

7.8 8 
6.8 8 

6.5 5 
7.0 0 

6.6 6 
7.2 2 

15.8 8 
6.8 8 

7.0 0 
7.0 0 

8.7 7 
6.4 4 

9.5 5 
6.1 1 

S oo ere 

RRR m a 

1.47 7 
1.02-2.12 2 

1.27 7 
0.97-1.67 7 

0.81 1 
0.60-1.09 9 

1.34 4 
0.95-1.90 0 

1.03 3 
0.75-1.41 1 

1.14 4 
0.82-1.59 9 

0.93 3 
0.61-1.42 2 

0.91 1 
0.70-1.19 9 

2J4 4 
1J7-3.99 9 

1.01 1 
0.43-2.38 8 

1-36 6 
1.02-1.80 0 

1.55 5 
1.17-2.04 4 

0 « ) i » i i 

7.1 1 
4.5 5 

7.4 4 
5.7 7 

9.1 1 
6.5 5 

6.3 3 
7.4 4 

6.3 3 
6.5 5 

7.6 6 
6.2 2 

8.1 1 
6.3 3 

7.6 6 
5.5 5 

14.3 3 
6.4 4 

6.5 5 
6.5 5 

5.3 3 
6.7 7 

9.8 8 
5.5 5 

RRR «<* a 

1.57 7 
0.92-2.68 8 

1.30 0 
0.90-1.89 9 

141 1 
0.47-4.20 0 

0.86 6 
0.54-1.36 6 

0.97 7 
0.63-1.49 9 

1.22 2 
0.81-1.84 4 

1.29 9 
0.75-2.36 6 

1.38 8 
0.95-2.01 1 

2.22 2 
0.77-6.43 3 

0.99 9 
0.26-3.82 2 

0.79 9 
0.44-1.42 2 

1.76 6 
1.21-2.58 8 

more ::  HIV - huma n inununodeficieac y trims ; U » risk  ratio : SES - socioecononu c statu s 
111 f /dL : «ever t anemi a - bemcftooi n < 7 f/dL.  Sifmncm t ris k rauo i are prime d in hold . 

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 
Ga3.. the reported use of an antimalarial was not associated 
withh a significant reduction in parasitemia, any anemia, or 
severee anemia. Although the prevalence of anemia and of 
parasitemiaa were generally higher  in women who reported 
too have taken chloroquine compared with women who re-
portedd the use of sulfadoxine-pyrimethamine, these differ -
encess were not significant (data not shown). 

Inn the multivariat e analysis, the factors malaria, tribe, and 
HI VV seropositivity remained significantly associated with 
anyy anemia for  GI/G2 (Table 4): for  severe anemia, HIV 
seropositivityy and documented fever  remained. For  Ga3 
women,, HIV seropositivity was the only factor  significantly 
associatedd with any anemia and severe anemia. There was 
noo significant interaction between malaria parasitemia and 
HI VV seropositivity in the final model for  any anemia in Gl / 
G2.. indicating that the effect of HIV seropositivity on ane-
miaa is independent of P. falciparum parasitemia. 

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

1),, and the relative risk increased with increasing gravidity 
(Gl::  RR, 148, 95% CI, 1.01-2.16; G2: RR. 1.57, 95% CI. 
1.05-2.36::  and Ga3: RR. 1.76 95% CI. 1.21-2.58). 

Thiss study demonstrates that malaria and HIV seroposi-
tivit yy are important , independent risk factors for  anemia in 
pregnancyy in Kisumu. Kenya. Anemia is a public health 
problemm here, as it likely is in other  places in sub-Saharan 
Afric aa where HIV infection and malaria are both common. 
Thee prevalence of any anemia in this population of other-
wisee healthy women was high (77.8%) and similar  to that 
reportedd from the other  studies among pregnant women in 
coastall  Kenya. Zaire, and Tanzania.:_4 However, in this study-
setting,, anemia in pregnancy was significantly higher  than 
previouslyy reported from western Kenya (44.4%) in 1981. 
ass well as from Mozambique (58%) in 1986 and Benin 
(55%)) in W&l.*-*  These lower  rates were reported before 
thee spread and intensification of chloroquine-resistant P. fal-
ciparumciparum and during a time when HIV infection among preg-
nantt  women emerged as a major  public health problem. A 
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TABL EE 4 

Associationn between anemia in late pregnancy and characteristics of the pregnant women by gravidity, multivariate analysis. Kisumu. Kenya. 
1995-1998' ' 

Vwuble e 

Luoo tribe 

Temperaturee s 37.53C 

Malaria a 

HIVV seropositive 

Amm ancmt» 

GIIO: : 
l**  - 2.9.VJ) 

1.13* * 
1.01-1.25 5 

1.05 5 
0.82-1.34 4 

1.13+ + 
1.03-1.24 4 

1.09+ + 
1.00-1.20 0 

0*3 3 
InIn  - 1.575) 

1.08 8 
0.94-1.25 5 

1.09 9 
0.67-1.80 0 

1.02 2 
0.87-1.20 0 

1.19* * 
1.04-1.35 5 

tdjuMedd RR 95aa C 

Severe e 

O I / G : : 
(nn  Z.tlSi 

1.39 9 
0.94-2.04 4 

2.23+ + 
1.24-4.00 0 

1.16 6 
0.85-1.58 8 

1.52+ + 
1.14-2.03 3 

anemu u 

G23 3 
Inn - 1.575) 

1.57 7 
0.89-2.76 6 

2.07 7 
0.65-6.62 2 

0.68 8 
0.37-1.24 4 

1.77+ + 
1.18-2.65 5 

**  CI  confidence 
f/dl_.. severe anemia 

**  P < 0.05. 

interval.. GI.'GT  primi - and secundigravidae. G?3 
**  hemoglobin s 7 g/dL 

 pavidae .1 or  more: HIV  human immunodeficiency i ;;  RR = nik raiio An> anemia = hemog loom < 11 

lowerr rate of anemia in pregnancy has also been recently 
reportedd from Malawi (60.0%). where malaria transmission 
iss lower than in western Kenya and where su If ado xine-py-
rimethaminerimethamine has replaced chloroquine for prevention of ma-
lariaa in pregnancy.39 

Thee prevalence of severe anemia (Hb < 7 g/dL) in this 
studyy was 6.8%. This was higher than that previously re-
portedd in 1991 from Zaire (3.7%) but slightly lower than 
recentt reports from coastal Kenya (9.8%). Tanzania (9.3%). 
andd Malawi (8.3% J.1-4-10 In all of these previous studies. Gl 
hadd the highest risk for severe anemia.:-* :9 In the current 
study,, women in their second pregnancy were most at risk 
forr severe anemia (7.8%). but differences with the rates in 
Gll  (6.5%) and multigravidae women (6.5%) were not sig-
nificant.. Pregnant women with clinical symptoms of severe 
anemiaa would have been excluded from participation in this 
Kisumuu study because only women who were believed to 
bee healthy and who had an uncomplicated pregnancy of at 
leastt 32 weeks' gestation were eligible for enrollment. Thus, 
thee prevalence of severe anemia reported in this study is 
likelyy to be an underestimate of the rate in the overall pre-
natall  clinic population. 

Ourr finding that malaria is an important risk factor for 
anemiaa among Gl and G2 in Kisumu but not among G^3 

Gravid aa 2* Gravid a 3 or more * 

 Hv" seronegative women  MV" seropositive women 

FICLKEE I The prevalence of severe anemia (hemoglobin < 7 g/ 
dL)) in laie pregnancy, stratified by gravidity and human immuno-
deficienoo virus (HIV) serostatus. in Kisumu. Kenya. June 1996-
Decemberr 1998. * P < 0.05. 

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

Inn mal aria-endemic areas where adults have acquired a high 
levell  of immunity to clinical malaria, women experiencing 
theirr first pregnancy, and to a lesser extent their second preg-
nancy,, have an impaired ability to clear malaria parasites 
fromm peripheral blood compared with nonpregnant women 
off  the same age.1' With increasing gravidity, the prevalence 
andd density of malaria parasitemia decreases.32-" Although 
inn our study malaria parasitemia was not associated with 
severee anemia late in first and second pregnancies, a recent 
studyy from coastal Kenya has reported that among Gl, treat-
mentt and prevention of malaria in pregnancy reduces severe 
anemiaa in the third trimester.-* 

Inn Kisumu. HIV-seropositive pregnant women were more 
likelyy to have positive malaria smears than HIV-seronegative 
pregnantt women. The susceptibility of HTV-seropositive 
pregnantt women to asymptomatic malaria parasitemia has 
previouslyy been reported from studies in Kenya and Mala-
wi.1718255 Unlike the studies in Malawi, where a significant 
differencee in the prevalence of malaria parasitemia was seen 
inn multigravidae women only, in this study, HIV-seropositive 
womenn of all gravidities were at increased risk of parasit-
emia.. The higher transmission rates of malaria in Kisumu 
comparedd with Malawi may contribute to the observed dif-
ferencee in prevalence of malaria parasitemia in HIV-sero-
positivee pregnant women by gravidity. These differences are 
nott likely to be due to a higher level of HIV-related immu-
nosuppressionn among pregnant women in Kisumu because 
onlyy asymptomatic women were eligible to participate, and 
thosee with symptomatic HIV-related immunosuppression 
wouldwould have likely been excluded. This is confirmed by the 
findingfinding that in this same study population in Kisumu. 70% 
off  asymptomatic HIV-seropositive pregnant women had a 
CD44 count of s 500 cells/u,L 1 month postpartum; thus, the 
increasedd risk of malaria in HIV-seropositive pregnant wom-
enn occurs even in the absence of AIDS or severe immuno-
suppressionn (Nahlen B. unpublished data). 

Inn first and second pregnancies. HIV seropositivity was 
ann important risk factor for any anemia and severe anemia. 
Althoughh HIV seropositivity was associated with a higher 
prevalencee of malaria parasitemia in these women, multi-
variatee regression analysis failed to show a significant inter-
actionn between malaria parasitemia and HIV seropositivity 
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forr  Gl and G2. Thi s indicates that HI V seropositivity is an 
importan tt  risk factor  for  maternal anemia independent of 
malari aa and confirms 2 earlier  reports fro m Zair e and Ma-
lawi. : : **  For  women wit h 2 3 pregnancies. HI V seropositiv-
it yy was the only risk factor  for  any anemia and severe ane-
miaa that could be identified in thi s study. Results of the 
multivariat ee regression analysis also suggest that the relativ e 
impactt  of HI V on maternal anemia was greater  among mul-
tigravi dd women than among women in their  first  or  second 
pregnancy. . 

Inn thi s study, no informatio n was available on other  fac-
tor ss that may contribut e to anemia durin g pregnancy, such 
ass red blood cell disorders and hookworm infection. Because 
wee did not measure iron , foli c acid, or  vitami n A levels in 
thee Kisumu prenatal clini c population, the contributio n of 
nutritiona ll  deficiencies to anemia in late pregnancy cannot 
bee assessed. Iro n deficiency is known to be a commonn cause 
off  anemia in pregnancy and is the most common nutritiona l 
deficiencyy among women in developing *  Iro n 
supplementationn has proven efficacious in reducing anemia 
inn pregnancy, but lack of availabilit y has been a problem.Ji" 
,?? Where vitami n A deficiency is common, vitami n A sup-
plementationn has also been shown to enhance the effect of 
ironn supplementation on reduction of anemia in pregnant 
women .""  Iron and foli c acid tablets are recommended and 
providedd as part of prenatal care services in Kenya. How-
ever,, in Kisumu. the actual number  of women receiving and 
takin gg either  of these supplements was low (11%), and less 
thann half of these women had used both iron and foli c acid 
tablets.. Thus, in this large prenatal cl inic , only I of every 
200 pregnant women was receiving the recommended doses 
off  iron and folate. The prevalence of anemia among women 
whoo reported taking iron and folate supplements was not less 
thann among women who did not, but no informatio n was 
availablee on the dose, length of treatment, and compliance 
wit hh the supplement regimen. Women wit h a history of fever 
orr  a hospital admission were more likel y to have taken iron 
orr  folate; thus, a beneficial effect of iro n and folate on Hb 
levelss would have been obscured i f pregnant women mainly 
tookk these drugs when they were il l and may have been more 
likel yy to be anemic. 

Preventionn of anemia may be particularl y importan t for 
HIV-seropositivee pregnant women, in whom the value of 
bloodd transfusions may be more limited.*-' *  Associat ions be-
tweenn blood transfusions, activation of latent vira l infections, 
andd a lack of survival benefit have been reported in people 
infectedd wit h H I V " ' Although studies have reported an as-
sociationn between maternal anemia and vertical transmission 
off  HIV . it is possible that anemia is a marker  for  more ad-
vancedd HIV-relate d immunosuppression and subsequent in-
creasedd risk of mother-to-infant HI V transmission.*°-4: 

Whetherr  programs to deliver  hematinics and antimalarial s in 
ann effort to prevent anemia durin g pregnancy wi l l be as ef-
fectivee for  HIV-seropositive women as for  HIV-seronegative 
womenn is unknown. The need for  more frequent doses of 
sulfadoxine-pyrimethaminee to prevent malari a in HIV-sero-
positivee pregnant women, the concern that iron supplemen-
tationn may be less useful in the presence of HI V infection, 
andd the reported beneficial effects of multivitami n supple-
mentationn among HIV-seropositive pregnant women on T-

celll  counts points to the need for  further  evaluation of pre-
ventionn strategies in areas of high HI V preva]ence.;5-4V47 

Thi ss study confirm s the importance of anemia in late preg-
nancyy as a common problem in sub-Saharan Africa . In this 
study,, anemia was associated wit h malaria parasitemia in 
firstfirst  and second pregnancies. For  alt pregnant women, 
asymptomaticc HI V infection was an importan t additional 
riskrisk  factor  to be considered in the differentia l diagnosis of 
anemia.. There is a need for  further  assessment of the effec-
tivenesss of malaria prevention on reduction of anemia in 
pregnancyy and subsequent improvement in maternal and in-
fantt  health. Prevention of HI V infection should be given 
highh priorit y as well; our  results indicate that a reduction in 
HI VV prevalence would be expected to have an impact on 
reducingg anemia among all pregnant women as well as other 
obviouss benefits. Increased knowledge of the impact of the 
routin ee interventions and assessment i f additional interven-
tions,, such as provision of multivitamin s and treatment for 
otherr  parasitic infections, should be provided to pregnant 
womenn in areas of high HI V prevalence, arc also needed.47 

Thee low coverage of iron and folate in thi s prenatal clini c 
populationn demonstrates the importance of developing strat-
egiess to improv e delivery and compliance of routin e inter-
ventionss that have already been shown to reduce anemia in 
pregnancy. . 
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Abstract t 

Objective::  To study the importance of HIV infection for malaria in pregnancy in Kisumu, 

Kenya. . 

Subjectss and methods: Healthy women with an uncomplicated pregnancy of *32 weeks 

attendingg the prenatal clinic in the Provincial Hospital between June 1996 and March 1999 were 

testedd for HIV and malaria after consent had been obtained. For participating women who 

deliveredd in the same hospital, a blood smear of the mother and the placenta were obtained. 

Results::  In the third trimester, 5,093 women consented to testing: the prevalence of malaria and 

HIVV was 20.1% and 24.9% respectively. Among the 2,502 screened women who delivered in the 

hospital,, the prevalence of HIV, peripheral parasitemia and placental malaria was 24.5%, 15.2%, 

andd 19.0%, respectively. Compared with HIV-seronegative women, HIV-seropositive women 

weree more likely to be parasitemic, to have higher parasite densities, and to be febrile when 

parasitemic.. Placental infections in HIV-seropositive women were more likely to be chronic, as 

indicatedd by the presence of moderate-to-heavy pigment depositions. When adjusted by age, the 

typicall  gravidity specific pattern of malaria in pregnancy disappeared in HIV-seropositive 

women;; HIV-seropositive primigravidae had a similar risk of malaria as HIV-seropositive 

multigravidae.. The excess malaria attributable to HIV in the third trimester increased from 

34.6%% among HIV-seropositive primigravidae, to 41.5% among HIV-seropositive 

secundigravidae,, and 50.7% among HIV-seropositive gravidae with ;>3 pregnancies. 

Conclusion::  HIV infection alters patterns of malaria in pregnant women; in areas with both 

infections,, all pregnant women should use malaria prevention. 

Keywords::  HIV infection, malaria, pregnancy, Africa , women 

Introductio n n 

Pregnantt women are at increased risk for malaria in sub-Saharan Africa, and this affects 

moree than 20 million pregnant women and their children each year [1]. In highly malaria-

endemicc areas, Plasmodium falciparum infection is generally not associated with fever, and 



4 4 

thereforee remains undetected and untreated. The adverse consequences include maternal anemia, 

prematuree delivery, and intrauterine growth retardation, resulting in the delivery of a low birth 

weightt infant [2, 3]. Low birth weight is known to be the most important risk factor for neonatal 

mortalityy [4, 5]. 

Duringg pregnancy, the ability to limit the presence and number of parasites is reduced. This 

increasedd risk of malaria is higher in primigravidae than in multigravidae, in teenagers than in 

olderr women, and in the second trimester than in the third trimester of pregnancy [2,3]. There is 

aa gravidity-specific decrease, with the highest prevalencee of malaria (and malaria-related 

morbidity)) in primigravidae, rapidly decreasing from the 2nd pregnancy onwards [2, 3]. 

Twoo studies in Malawi observed that in rural settings where malaria is highly endemic with 

seasonall  year-round transmission, human immunodeficiency virus (HlV)-seropositive 

multigravidaee had an increased susceptibility to malariaa compared with HIV-seronegative 

multigravidae,, but littl e difference was observed in primigravidae [6, 7]. In a later study 

conductedd in a peri-urban setting in Kenya with similar, although not seasonal, malaria 

transmission,, HIV-seropositive women in their first and second pregnancy were found to be at an 

increasedd risk for malaria [8]. 

Withinn a large study of maternal malaria and mother-to-child transmission of HIV, in a 

settingg with endemic HIV and malaria transmission, we further evaluated the effect of maternal 

HIVV infection on malaria in pregnancy. Effect of maternal HIV infection and malaria in 

pregnancyy on hemoglobin level have been reported elsewhere [9]. 

Material ss and Methods 

Studyy site 

Thiss study was conducted at Nyanza Provincial General Hospital (NPGH) in Kisumu, a town 

withh a population of approximately 300,000, located on the shore of Lake Victoria in western 

Kenya.. Malaria transmission is perennial and P. falciparum accounts for 98% of the malaria 
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cases.. Chloroquine resistance is widespread; in the early 1990s, 75% of persons infected with P. 

falciparumfalciparum were reported to have an RII/RIII resistance to chloroquine [10]. NPGH is a 

government-referrall  hospital with a total of 400 beds; it provides health care mostly to the local 

low-incomee population. On average, approximately 90 women attend the prenatal clinic service 

daily,, of whom 33% arrive for their first prenatal visit. 

Studyy population and enrollment procedures 

Thiss study formed part of an investigation of the interaction between malaria in pregnancy 

andd HIV infection, details of which have been described elsewhere [9]. Briefly, healthy pregnant 

womenn with no known underlying disease visiting the prenatal clinic service of the NPGH with 

ann uncomplicated singleton pregnancy of at least 32 weeks gestation and residing in the Kisumu 

areaa were invited to participate. After informed consent was obtained, a questionnaire was 

completedd to collect information on socioeconomic status, medical, and obstetrical history. Body 

weight,, height and axillary temperature were measured. After the client received counseling 

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

levels.. Post-test counseling, supportive counseling and haematinics were offered to all 

participatingg women. All women with symptomatic malaria (axillary temperature > 37.5°C) were 

treatedd with sulfadoxine-pyrimethamine (SP). At delivery blood was again obtained from the 

motherr by finger prick for a malaria smear and Hb level, and a placental blood smear was 

obtained.. The study was completed before the introduction of intermittent protective treatment 

withh SP as the national policy for control of malaria in pregnancy [11]. 

Laboratoryy Procedures 

Bloodd 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. 

Malariaa parasites were counted against 300 leucocytes. Parasite densities were estimated by 

assumingg a count of 8,000 white blood cells per microliter of blood. Placental smears were 
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treatedd and counted the same way. Pigment in placental smears was scored on a 1- 4 + scale that 

reflectedd the proportion of macrophages with pigment (1+: s: 10%; 2+: 10-25%; 3+: 26-50%; 4+: 

250%).. HIV testing involved the use of 2 rapid test methods: Serostrip HIV-1/2 (Saliva 

Diagnosticc Systems Pte. Ltd., Singapore) and Capillus HTV-l/HTV-2 (Cambridge Diagnostics, 

Wicklow,, Ireland). A Coulter counter (AcT.10: Coulter Corporation, Miami, USA) was used to 

assesss the white blood cell (WBC) count for a subgroup of women, one month postpartum. 

Definitions s 

Malariaa was defined as the presence of asexual-stage parasites in thick smears, independent 

off  the presence or absence of clinical signs or symptoms and independent of species. A high-

densitydensity infection was defined as a parasitemia with a density of * 5000 parasites per mm . 

Chronic-activeChronic-active infection of the placenta was defined as parasitemia m the presence of moderate 

too heavy deposits of pigment (2+ or more) and past infection as the presence of pigment in the 

absencee of parasitemia [12]. Because we were interested in the effect of HTV on malaria during 

pregnancyy overall, maternal peripheral parasitemia at delivery and placental malaria were 

combinedd as evidence of active malaria infection at delivery. This is referred to as malaria at 

deliverydelivery in the analyses. Documented fever was an axillary temperature of :>37.5 C at the time of 

interview.. Clinical malaria was defined as a history of fever (within the last week in third 

trimesterr or the last two weeks at the time of delivery) or documented fever in the presence of 

parasitemiaparasitemia (any density). HIV seropositivity of women was defined as a reactive result on both 

rapidd tests; women not reactive by the Serostrip HTV-1/2 were considered HIV-seronegative. In 

casee of an inconclusive result, a Western blot test was performed. The median age (21 years) was 

usedd to define young maternal age (< 21 years). An uncomplicated pregnancy was defined as a 

pregnancyy without evidence of multiple gestation, hypertension, pre-eclampsia, polyhydramnios, 

ann abnormal presentation of the fetus, a history of caesarian section, haemorrhage or repeated 

abortionss (> 2). The absence of electrical supply to the house was considered as low 

socioeconomicsocioeconomic status (SES) [13]. 
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Analysiss and statistical methods 

Differencess in means were compared using the Student t test. The Mann-Whitney U test was 

usedd for nonparametric comparison of 2 groups. Differences in proportions were analyzed using 

thee chi-square test or Fisher exact test when appropriate. Risk ratios (RR) were used to calculate 

gravidityy specific attributable fractions (attributable fraction [AF] = {RR -1 / RR}xlOO) [14]. 

Poissonn regression was used to examine gravidity as a risk factor for malaria in HIV-

seropositivee and HlV-seronegative women in the third trimester and at delivery in multivariable 

analysis.. Gravidity was grouped as primigravidae (Gl), secundigravidae (G2), and multigravidae 

withh 3 or more pregnancies (G3+) as reference group. Age was dichotomized at the median age 

(211 years). Other variables adjusted for included tribe (belonging to the Luo versus non Luo 

tribe),, socioeconomic status as indicated by the presence of electricity in the house, location of 

residencee (peri-urban versus urban location), and the use of SP in pregnancy. 

Thee statistical programs SPSS (SPSS for Windows 9.0, SPSS Inc. Chicago, Illinois) and SAS 

(SASS system for Windows, version 6.12, SAS Inc. Cary, NC) were used for analyses. For all 

statisticall  tests, a two-sided P value < 0.05 was considered significant. 

Results s 

Characteristicss of women in the thir d trimester  and at delivery 

Betweenn June 1996 and March 1999, 5,211 women in their third trimester of pregnancy were 

interviewed.. Forty three women had two consecutive pregnancies during the three year study 

period;; only the first pregnancy was included. Fifty three women with an indeterminate HIV 

status,, and 22 women with no malaria smear result were excluded; the remaining 5,093 women 

contributedd to the analysis of the relationship between malaria and HIV in the third trimester. Of 

thesee women, 2,539 (49.9%) delivered in the hospital during the study period; 37 (1.5%) were 

excludedd because no peripheral or placental smear was obtained at delivery, leaving 2502 
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womenn in the analysis of data at delivery. Compared to the 2,502 women included in the 

analysis,, women who were not included were significantly older, were more likely to be 

multigravidae,, had less years of education, had a lower socio-economic status and were more 

likelyy to live in a peri-urban compared to an urban location (Table 1). 

Thee malaria prevalence in the third trimester was 20.1%, and 21.9% at delivery (15.2% 

maternall  peripheral parasitemia at the time of delivery and 19.0% placental malaria). The overall 

HIVV prevalence among women seen in third trimester was 24.9%; among women seen at 

deliveryy the HIV prevalence was 24.5%. The proportion of women with HTV infection among 

Gl,, G2 and G3+ women in the third trimester was 22.3%, 29.2% and 25.0% respectively, and 

thiss was similar to those delivering in the hospital (21.5%, 27.6% and 26.7% respectively). HTV-

seropositivee women were more likely to be older and multigravidae than HTV-seronegative 

womenn (Table 1). 

HI VV and malaria in pregnancy 

Malariaa parasitemia in the third trimester was more common in HIV-seropositive women 

comparedd with HIV-seronegative women (29.1% versus 17.1%, risk ratio [RR] 1.70,95% 

confidencee interval [CI] 1.52-1.90, P < 0.001); a similar pattern was seen at delivery (30.1% 

versuss 19.3%, RR 1.56,95% CI 1.34-1.81, P < 0.001). This difference in malaria infection rates 

wass most pronounced in multigravidae (Figure 1). Among the HIV-seronegative women, a 

typicall  pregnancy specific pattern of malaria risk was observed, with Gl being more at risk than 

G2,, who in turn were at an increased risk compared with the G3+ women. Among HTV-

seropositivee women, the expected trend of decreasing risk with increasing pregnancy number 

wass less evident. A similar pattern was seen with peripheral parasitemia at delivery, with 

placentall  malaria and with the combination of these 2 (data not shown). Calculation of the 

attributablee fraction showed that approximately one third of the malaria infections in HIV-

seropositivee Gl (37.5% in the third trimester and 31.5% at delivery), more than one third of the 

infectionss in G2 (42.9% and 38.7%, respectively) and more than half of the infections in HIV-
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seropositivee G3+ women (52.2% and 51.5%, respectively) could be attributed to concurrent HIV 

infection. . 

HIV-seropositivee women were more likely to have higher parasite densities in the third 

trimesterr than HIV-seronegative women (Table 2). Chronic-active infections of the placenta 

weree also significantly more frequent in HIV-seropositive women, but the prevalence of past 

placentall  infections was similar (1.8% in HIV-seropositive versus 1.6% in HIV-seronegative 

women).. To exclude an effect of decreased white blood cells (WBC) in HIV-seropositive women 

onn the estimation of parasite densities, we compared the WBC in a subgroup of women, for 

whomm WBC counts one month post partum were available. No significant difference was 

detectedd between 297 HIV-seropositive and 122 HIV-seronegative women (geometric mean 

6,6944 WBC/microliter and 6,855 WBC/microliter respectively, /-test P = 0.4). 

HIV-seropositivee women had more clinical malaria than HIV-seronegative women (Figure 

2).. Hospitalization during pregnancy was reported by 159 women, and was more frequent among 

HIV-seropositivee women (4.3%) compared with HIV-seronegative women (2.7%, RR 1.59, 95% 

CII  1.16-2.20, P = 0.005). Malaria was reported as the most common reason for admission during 

pregnancyy (39.6%), but among hospitalized women HIV-seropositive women were not more 

likelyy to have a malaria diagnosis than HIV-seronegative women (34.5% versus 42.3%, RR 0.82, 

95%% CI 0.53-1.25, P = 0.4). 

Usee of medication for fever or malaria in pregnancy was common: 43.8% of the study 

populationn reported use in the third trimester and 19.2% in the 2 weeks before delivery. HIV-

seropositivee women reported a higher use of antimalarials (SP, chloroquine, or quinine) in the 

thirdd trimester (21.7%) than HIV-seronegative women (18.8%, RR 1.16,95% CI 1.02-1.31, P = 

0.02).. No difference was seen in the use of antipyretics (Table 3). Antimalarial drug use in the 

thirdd trimester was reported significantly more frequently by G3+ women (27.0% in HIV-

seropositivee and 23.5% in HIV-seronegative women, compared with G2 women 20.8% and 

16.6%,, and Gl women 17.5% and 16.1% respectively). At delivery the differences in use of 

antimalarialss and antipyretic between HIV-seropositive and HIV-seronegative women (Table 3) 



10 0 

orr by gravidity group were not significant (use of antimalarials: Gl 6.0%, G2 6.8% and G3+ 

8.7%). . 

Thee use of SP was similar among HIV-seropositive and HTV-seronegative women (Table 3), 

andd was associated with a protective efFect against malaria in both HIV-seropositive and HTV-

seronegativee women in the third trimester and at delivery. Among the 81 HIV-seropositive 

womenn who reported the use of at least one dose of SP in the third trimester, 13.6% had a 

peripherall  parasitemia, compared with 29.9% in the 1176 HIV-seropositive women who did not 

reportt the use of SP in the third trimester (RR 0.45,95% CI 0.26-0.79, P = 0.001). Among the 

2011 HTV-seronegative women who reported the use of SP in the third trimester, 9.5% had a 

peripherall  parasitemia, compared with 17.6% among the 3595 HTV-seronegative women who 

didd not report the use of SP (RR 0.54,95% CI 0.35-0.83, P = 0.002). At the time of delivery a 

similarr protective effect of the reported use of SP, although not statistically significant, was seen 

(RRR 0.23,95% CI 0.04 - 1.54, P = 0.08 {Fisher exact test}, and RR 0.53,95% CI 0.21-1.35, P -

0.2,, respectively). 

Too determine if the effect of gravidity on malaria differed by HTV status when adjusted for 

potentiallyy confounding variables, we used a multivariate model, stratified by HTV status (Table 

4).. In HTV-seronegative women, Gl women remained at an increased risk for malaria compared 

withh G3+ women. In HTV-seropositive women, the gravidity specific effect was no longer 

evidentt and Gl women were at similar risk compared with G3+ women. Age, tribe, and location 

off  residence were the main confounders of the association between gravidity and malaria. 

Similarr results were seen when gravidae 4+, or gravidae 5+ were taken as the reference group. 

Thus,, HTV changed the epidemiology of malaria in pregnancy, increasing the risk for malaria in 

womenn of all gravidities. 

Discussion n 
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Thiss study shows that in areas of Africa where malaria is endemic, the growing HIV 

epidemicc has important consequences for malaria in pregnant women. This large hospital-based 

studyy was conducted in a setting with a mature HIV epidemic. We saw a marked increase of 

malariaa in HTV-seropositive women in the third trimester and at delivery. Parasite densities were 

higherr in HIV-infected women, who were more likely to experience clinical illness associated 

withh parasitemia and to report self-medication with antimalarials. Between 30% to 50% of the 

malariaa infections in HlV-seropositive pregnant women in this study population could be 

attributedd to HIV. Multigravidae women contributed relatively more to the increase in malaria in 

HIV-seropositivee women, with a doubled risk on malaria compared with HIV-seronegative 

women,, and a prevalence of malaria similar to HIV-seronegative primigravidae. Additionally we 

observedd that the use of SP was associated with a reduced prevalence of malaria in both HIV-

seropositivee and HIV-seronegative women. 

Ourr findings are consistent with previous reports of an increase in malaria prevalence and 

parasitee densities in HTV-seropositive pregnant women [6-8]. In the three previous studies, the 

numberr of HIV-seropositive women was approximately 160 per study, the numbers of HTV-

seropositivee primigravidae were small, and as a consequence the confidence intervals associated 

withh the estimate were large. One ot these studies was done in the early stage of the HIV 

epidemicc when the prevalence of HTV was low, and this may have affected the results; no 

increasedd risk of parasite prevalence was seen in HTV-seropositive primigravidae, but parasite 

densitiess in this group were significantly higher compared to HIV-seronegative women [6]. 

Consistentt with a previous study in Kisumu, we found a significant increase in prevalence of 

malariaa in all gravidity groups, in particular also in primigravidae [8]. 

Ass suggested by others, the most likely explanation for the increased risk on malaria in HTV-

seropositivee women is that HIV infection limits pregnant women's ability to mount an effective 

immunee response to malariaa [6]. HIV may have a negative impact on several components of the 

immunee system which have been explored to explain the pregnancy-specific differences in 

malariaa risk, including hormonal regulations, cellular and humoral responses, and cytokine 
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productionn [15-18]. For example, recent studies have highlighted the potential importance of 

locall  production of cytokines and the risk of placental malaria infection [18]. The cytokine 

interferon-vv (IFN-v) responses, in particular, may play a critical role in protection against 

placentall  malaria [18], and these responses are impaired in HIV-seropositive pregnant women 

[19]. . 

Thee lower risk of malaria in HIV-seronegative multigravidae is believed to be a function of 

bothh pregnancy specific immunity acquired over multiple pregnancies and non-pregnancy 

specificc immunity which is acquired over a life time and is strongly correlated with age and 

cumulativee exposure. This hypothesis is supported by the increasing magnitude of the effect of 

HIVV with increasing gravidity seen in the current study. However, the enhanced risk of malaria 

inn HIV-seropositive primigravidae, also suggests that other mechanisms may be important. 

Thesee may include the pregnancy specific immuno-modulation, which may be stronger in HIV-

seropositivee primigravidae than in multigravidae (e.g because of higher Cortisol levels) [16,17], 

orr may be related to the further impairment of age-related acquired immunity in HIV-

seropositivee women, unrelated to pregnancy [20]. 

Althoughh environmental or behavioral factors may partly explain the difference in malaria 

betweenn HIV-seropositive and HIV-seronegative women, in this study population HTV-

seropositivee women did not differ from HIV-seronegative women with regard to socio-economic 

status,, place of residence, house characteristics (data not shown), or employment. The mean age 

off  HIV-seropositive women was slightly older (22.3 vs 22.0 years, P=0.054) and they were more 

likelyy to be multigravidae, but both these characteristics are generally associated with a 

decreasedd risk of malaria in pregnancy, and do not explain the direction and magnitude of the 

effectt of HTV infection on malaria found in this study. This study population was a selected 

groupp of relatively healthy women, with a high proportion of Gl and G2 women (65.3% in the 

thirdd trimester and 70.3% at delivery). Although this proportion is representative of the prenatal 

clinicc population in this referral hospital, it is much higher than expected in the overall 

populationn of pregnant women (45%, Kenya demographic survey) [21]. They, however, do 
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illustratee the potentially large impact of HIV on malaria in pregnancy in this urban population; 

takingg a pregnant population with 45% Gl and G2 women and an HIV prevalence of 25%, the 

populationn attributable factor (PAF) of HIV on malaria in the third trimester and at delivery 

couldd be approximately 17 %. In other words, 17% of the malaria infections in all pregnant 

womenn could be due to the effect of HIV-infection on the immunity against malaria. The 

magnitudemagnitude of the risk reported is likely to be an underestimate, as women with advanced HIV 

infectionn were excluded, and multigravidae, the group most affected, were under represented. 

Thee geometric means of WBC counts were similar in HIV-seropositive and HIV-

seronegativee women, making a systematic overestimation of parasite density in HIV-seropositive 

womenn unlikely. Although the WBC in thiss study was obtained 1 month postpartum, a previous 

studyy in a malarious area confirmed no difference in mean WBC between HTV-seropositive and 

HIV-seronegativee women in a group of women seen in the third trimester and at 6 weeks 

postpartumm [22]. A recent report from Uganda showed an increased risk of high density 

parasitemiaparasitemia and clinical malaria among HIV-infected adults, and this risk increased with 

decreasingg CD4-cell counts [20]. In the subgroup of women for whom we had CD4 counts 

obtainedd 1 month post partum, no association was seen between CD4 count and parasite 

prevalence,, density, or clinical malaria in HIV-seropositive women in third trimester or at 

deliveryy (data not shown). 

Thee increased risk of malaria in HIV-infected pregnant women is likely to have considerable 

publicc health implications in areas where both diseases are prevalent. In this study population, 

duall  infection with malaria and HIV is associated with a significant reduction of birth weight and 

maternall  hemoglobin levels at delivery in both primi-and multigravidae (unpublished data). 

Kenyaa has recently adopted a policy of using intermittent protective treatment (IPT) with SP in 

pregnancy.. The reported use of SP was beneficial in reducing malaria in both HIV-seropositive 

andd HIV-seronegative women in our study. This is encouraging and consistent with a recent 

studyy in which monthly doses of SP in HIV-seropositive women showed substantial protection 

againstt malaria [8]. In addition, results of this study confirm that HIV-seropositive multigravidae 
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havee a similar risk of malaria as HTV-seronegative primigravidae and indicate that in areas with a 

highh prevalence of HIV, programs to control malaria in pregnancy should not be limited to 

primigravidaee but should target women of all gravidities. In addition, it wil l be important that 

thesee control strategies to prevent or decrease the morbidity of malaria, like IPT with 

antimalarialss and insecticide-impregnated bed nets, be evaluated in HlV-seropositive women to 

assesss their benefit and appropriate deployment in this very vulnerable population. 
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Objective:: To determine the effect of dual infection with HTV and malaria on birth 

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

Kisumu,, western Kenya. 

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

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

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

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

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

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

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

deliveriess respectively. Maternal HIV, 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 

withh both IUGR and preterm delivery, resulting in a reduction in mean (95% CI) birthweight 

off  145g (82-209) among HIV-seronegative and 206g (115-298) among HlV-seropositive 

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

factorss for postpartum maternal anaemia and HlV-seropositive women with malaria were 

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

Conclusion:: The adverse effect of malaria on birth outcome is worsened by HIV infection. 

Inn areas with moderate or high prevalence of HIV and malaria, priority should be given to 

interventionss that control malaria and anaemia in pregnancy for all pregnant women, as the 

provisionn of these interventions is critical to improved birth outcomes. 

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

Kenya. . 



Introduction n 

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

estimatedd 24 million pregnant women, especially primigravidae [1,2]. In malaria endemic 

areass Plasmodium falciparum parasitaemia in pregnancy is associated with anaemia in 

pregnantt women, and reduced birthweight resulting from premature delivery and intrauterine 

growthh retardation [3-5], which are important risk factors for early infant mortality and 

morbidityy [6]. 

Duringg the past two decades, HIV/AID S has emerged ass a major problem in many 

malaria-endemicc areas of sub-Saharan Africa. It is estimated that 25.3 million people in sub-

Saharann African are infected with HTV [7]. In some areas of sub-Saharan Africa, HTV" 

infectionn rates as high as 25-40% have been reported among pregnant women [8-14]. Africa 

southh of the Sahara accounts for over two-thirds of the world's HIV-infected persons, and 

80%% of the world's HIV-infected women [7,14]. Thus malaria and HIV infection are now 

common,, widespread and overlapping public health problems in many areas of Africa south 

off  the Sahara, and the potential interaction between these two important infectious diseases 

hass been the topic of several previous investigations [9,11,13,15,16]. Studies among 

pregnantt women in sub-Saharan Africa have shown that HIV-infected women, particularly 

multigravidaee are more likely to be infected with P. falciparum, and to have higher parasite 

densitiess than HTV uninfected women [9,11,13]. Thus HTV infection seems to alter the well 

establishedd parity-specific pattern of malaria susceptibility in areas of stable malaria 

transmission,, where in the absence of HIV, primigravidae and, to a lesser extent, 

secundigravidaee are more affected than are other parities [1,3]. 

Althoughh it is now well established that HTV-seropositive pregnant women are more 

susceptiblee to malaria, littl e is known of the adverse consequences of dual infection with 

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



infectionss on infant outcomes, including their effect on the two major etiological pathwayss of 

LBW:: shortened gestation [preterm delivery (PTD)] and intrauterine growth retardation 

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

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

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

infectionss on maternal anaemia at delivery. This paper forms part of a series of studies 

conductedd in Kisumu, in western Kenya, of the interaction between HIV and malaria during 

pregnancy.. The impact of HIV on the risk of malaria in this same study population, and that 

off  dual infections on maternal anaemia in the third trimester will be published elsewhere [21]. 

Subjectss and methods 

StudyStudy site 

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

Kisumuu town. Kisumu, with a population of approximately 300 000, is located on the shores 

off  Lake Victoria in western Kenya. Malaria transmission within Kisumu town is perennial 

andd P. falciparum is the predominant species, accounting for 98% of malaria cases. The 

remainingg 2% are caused by P. malariae and P. ovale. Malaria prevalence in town however, 

iss markedly lower than that reported from the surrounding rural areas [22,23]. Chloroquine 

resistancee is prevalent in the area with 75-80% of P. falciparum strains showing RII/RIII 

resistancee pattern [24]. The prevalence of HTV infection among pregnant women in this 

studyy population is approximately 25% [11,25]. More than 50% of the pregnant women in 

thee study area deliver at home (M. Parise, B. Nahlen and J. Ayisi, unpublished data). NPGH 

iss a large government referral hospital with 400 beds, which provides health care mostly to 

thee low-income population in this area. On average, about 100 pregnant women present each 

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



ANCC package for  this hospital, women making their  first ANC visit are tested forr  syphilis 

usingg the rapid plasma reagin (RPR) card test, (Becton Dickinson microbiological systems, 

Cockeyville,, USA), and those seroreactive for  syphilis are treated with 2.4mU intramascular 

benzaminee penicillin, according to guidelines established by the Kenyan government, 

Ministr yy of Health [26]. The current National Malari a Control Policy for  malaria and 

anaemiaa in pregnancy includes protective intermittent treatment of malaria with sulfadoxine-

pyrimethaminee in the second and thir d trimesters of pregnancy. These guidelines were 

implementedd as part of the standard antenatal care package in the NPGH on the 13th of March 

1999.. Only women who delivered before this date were included in the current analysis. Al l 

studyy women were offered routine haematinic supplementation of 200mg of ferrous sulfate 

andd Smg of folic acid daily until delivery. 

EnrollmentEnrollment Procedures 

Screeningg procedures and characteristics of the women, HTV* prevalence, and risk 

factorss have been described elsewhere [25]. Al l study participants gave informed consent 

andd all agreed to be HTV tested. Briefly , women were eligible for  participation if they had an 

uncomplicatedd singleton pregnancy of 232 weeks gestation (based on the fundal height 

estimationn by the clinic nurse/midwife), if they resided within the Kisumu municipality , and 

i ff  they had no known underlying chronic illness. After  written informed consent was 

obtained,, an interviewer-administered structured questionnaire was given in the local or  the 

nationall  languages (Dholuo orKiswahili) to all women who had undergone routine antenatal 

caree to obtain information on sociodemographic, health, and obstetric factors. 

Uponn completion of the questionnaire, each woman was counselled by a trained 

HI VV counsellor  in the local languages, and an appointment for  posttest counselling was 

made.. After  pretest counselling, a blood sample was taken for  HIV antibody testing, 



hemoglobinn (Hb), and malaria thick blood smear. All screened women were encouraged 

too deliver  in NPGH. 

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

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

delivery.delivery. Withi n 24 hours of birth , infants were weighed to the nearest one gram on an 

electronicc balance (Ohaus Florham Park, NJ, USA), and their  gestational age was assessed by 

trainedd study assistants using a standardized Ballard method [27]. Maternal, placental and 

cordd blood malaria smears and maternal haemoglobin were collected soon after  delivery. 

EthicalEthical review 

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

Medicall  Research Institut e (KEMRI) , the Centers for  Disease Control and Prevention 

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

Amsterdam,, Amsterdam, The Netherlands. 

LaboratoryLaboratory Procedures 

Peripheral,, placental and cord blood smears were stained with 10% Giemsa for 

100 minutes and examined under  oil immersion for  malaria parasites. A thick smear  was 

consideredd negative if 100 microscopic fields revealed no parasites. Haemoglobin was 

measuredd using a Hemocue® machine (Mission Viejo, CA, USA.). HIV testing was done 

usingg two rapid tests: an initia l Serostrip HIV-1/2 [Saliva Diagnostic Systems 

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

Wicklow,, Ireland Ltd) on all samples that tested positive by Serostrip. Western blot was 

performedd on discordant samples. 



Definitions Definitions 

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

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

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

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

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

peripherall  parasitaemia or  placental parasitemia, either  in the presence of asexual stages or 

malariaa pigment), detected on a thick blood smear. Anaemia was defined as haemoglobin 

(Hb)) < llg/dl of blood [28], and moderate to severe anaemia was defined as Hb <8g/dl of 

bloodd [29]. HIV-seropositivity was defined as a positive result on both rapid tests; women 

nott  reactive with the initia l Serostrip HIV-1/2 test were considered HIV-seronegative. 

Womenn whose serostatus could not be determined (i.e., those with discordant results on the 

twoo rapid tests and an indeterminate status with Western blot) were excluded from analysis. 

Womenn who were HIV-seronegative and had no malaria at delivery were considered to be 

uninfected.uninfected. Women who had malaria at delivery but were HIV-seronegative were 

consideredd to be infected with malaria-alone. Women who were HIV-seropositive but had 

noo malaria at delivery were considered to be infected with HIV-alone. Women were 

consideredd to have dual infection if they were HIV-seropositive and had malaria at delivery. 

Newbornss were classified as normal birthweight if they weighed £2500g regardless of 

gestationall  age and low birthweight (LBW) if they weighed <2500g [30]. Preterm delivery 

(PTD)(PTD) was defined as any delivery mat occurred before 37 completed weeks of gestation. 

SmallSmall for gestational age (SGA) was defined as a sex-specific birthweight at or  below the 10* 

percentilee for  weight-for-gestational age of an international reference population [31]. For 

thee purpose of this analysis normal weight-for-gestational age were children with a 

birthweight ss >10* percentile of the weight-for-gestational age reference population. Rainy 



seasonseason included the months April , May and June (long rains) and October  and November 

(shortt  rains). 

DataData analysis and statistical methods 

Womenn screened in the ANC who delivered at the NPGH from June 1996 through 

Marchh 1999 were included in this analysis. Differences between women who did and did not 

deliverr  at NPGH were assessed using data collected for  all pregnant women at screening in 

thee ANC. The relationship between malaria at delivery, maternal HTV-infection and 

demographicc and obstetric factors on adverse birt h outcome (defined as a LBW, PTD or  SGA 

infant,, or  moderate to severe maternal anaemia at delivery) were investigated by bivariate 

analysis.. The Chi square test was used to test for  significant differences in proportions. Risk 

ratioss (RR) were computed with 95% confidence intervals (CI) to measure the strength of the 

associations.. Normally distributed continuous data were compared by the Student's Mest and 

one-wayy analysis of variance (ANOVA) . Multipl e linear  regression analysis [32] was used to 

assesss the relative impact of HTV, malaria, and dual infection on birt h weight, gestational age 

andd maternal haemoglobin levels. Adjusted risk ratios for  LBW, PTD, SGA and moderate to 

severee anaemia associated with maternal HTV, malaria, and dual infection were computed 

usingg Poisson regression analysis [33]. We first looked at all models including HIV , malaria 

andd the covariates for  birt h weight, gestational age, maternal haemoglobin levels, LBW, 

PTD,, SGA and moderate to severe anaemia, and assessed the possible statistical interaction 

(effectt  measure of modification) [34] between malaria and HTV; no evidence for  a statistical 

interactionn was seen and thus the interaction term was not included in any of the models. We 

thenn repeated the analyses using the infection categories: no infection, HTV-alone, malaria 

alonee or  dual infection. Al l four  models for  LBW, SGA, PTD and moderate to severe 

anaemiaa at delivery were adjusted for  the potential confounding effect of maternal weight (< 



255 percentile vs £25 percentile, kg), maternal age (< 20 vs £20 years), years of education (< 8 

vsvs >8 years), ethnicity (Luo vs non Luo), season of delivery (rainy vs dry), hospitalization in 

currentt pregnancy, and gender of the child. The model for postpartum anaemia was also 

adjustedd for type of delivery (i.e., caesarean section or assisted delivery vs normal delivery) 

andd any use of haematinics. The covariates were included in the models if they were 

significantlyy associated with any of the four outcomes measures in the bivariate analyses or if 

theyy were known to be associated with these outcome measures based on prior studies. 

Analysiss was done using EPI INFO 6.01 (Centers for Disease Control and Prevention, Atlanta, 

GA,, USA) and SAS (Version 6.12, SAS Institute, Cary, North Carolina, USA). 

Results s 

StudyStudy population 

Duringg the study period, 5168 women were screened of whom 75 (1.5%) had no 

completee laboratory results available, and hence were excluded from analysis. Of the 

remainingg 5093 women, and consistent with patterns of home versus health facility 

delivery,, 2539 (49.9%) delivered at the study hospital (Figure 1). Data on birth outcome 

weree not available for the remaining 2554 (50.1%) women who delivered elsewhere. Of 

thee 2539 hospital deliveries, 34 twin and 2 triplet deliveries; and 37 women without 

malariaa smear results were excluded from further analysis (Figure 1). The maternal 

characteristicss of the women excluded and included in the analysis are shown in Table 1. 

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

moree likely to be older, to have less than complete primary school education, to be 

married,, to be a multigravidae, to be of Luo ethnicity, to reside in the peri-urban rather 

thann urban area of Kisumu and to have moderate to severe anaemia in the third trimester. 

Thee HIV and syphilis seroprevalence did not differ between the two groups. Among the 



12977 multigravidae who were included in the analyses, 88 women (6.8%) had a history 

off  a stillbirth or abortion as the result of the most recent pregnancy, whereas 93 women 

(5.4%)) had this outcome among the 1711 excluded multigravidae (P = 0.1). Of the 5093 

womenn seen in the third trimester, 1024 (20.1%) were parasitaemic, and the prevalence 

didd not differ between women included and excluded from the analyses (Table 1). 

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

Comparedd 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.00I]. Among the 

24666 women, 599 (24.3%) women were HIV-seropositive and 543 (22.0%) had evidence 

off  malaria infection at delivery. Malaria infection at delivery occurred in 179 of 599 

HIV-seropositivee women (29.9%) compared to 364 of 1867 HTV-seronegative women 

(19.5%)) [risk ratio (RR), 1.5; 95% Confidence Interval (CI), 1.3-1.8; P < 0.001], and was 

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

deliveryy compared to 220 out of 1297 (17.0%) among multigravidae (RR, 1.6; 95% CI, 

1.4-1.9;; P < 0.001). Of the 543 women with malaria infection at delivery, 245 (45.1%) 

alsoo had malaria infection in the third trimester, whereas of the 1923 women who had no 

malariaa at delivery, 227 (11.8%) had malaria in the third trimester (RR, 3.8; 95% CI, 3.3-

4.5,, P< 0.001). 

Thee presentation of the infant was cephalic for 2436 out of 2466 women (98.8%), 

andd thirty women had a breech or transverse presentation (1.2%). Assisted deliveries 

(forceps/vacuumm extraction) occurred in 0.4% (10 out of 2465) and 4.2% (104 out of 

2465)) of the women had a caesarean section. Intrapartum medical complications such as 

placentall  abruption, placenta previa and pre-eclampsia all combined were uncommon, 

occurringg in only 7 of the 2463 women examined (0.3%). In addition, 8 out of 2461 

womenn examined (0.3%) had post partum haemorrhage. Of the 34 stillbirths, 17(1.1%) 



weree recorded among 1503 women without HTV and malaria infection, 4 (1.0%) among 

4200 women infected with HIV-alone, 9 (2.5%) among 364 women with malaria-alone, 

andd 4 (2.2%) among 179 women with dual infection. Compared to women without 

malaria,, stillbirth s were more common in women with malaria infection at delivery, 

irrespectivee of HTV status [1.1% (21 of 1923) versus 2.4% (13 of 543); P = 0.02]; 

stillbirt hh rates were similar  in women with and without HIV infection regardless of 

malariaa infection [1.3% (8 of 599) versus 1.4% (26 of 1867); P - 1.00]. Al l stillborn 

infantss were removed from the further  analysis, leaving 2432 live singleton infants with 

maternall  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 

populationn (reported by less than 1% of the women) and was not included in the analysis. 

AdverseAdverse birth outcome in relation to maternal HIV  and malaria infection 

ComparisonComparison of prevalence and multivariable analyses 

Birthweight: Birthweight: 

Off  the 2432 live singleton infants, birthweight was recorded for  2431 (99.9%). 

Thee overall mean (SD) birthweight was 3235 g (450), and 113 of 2431 babies (4.6%) had 

loww birthweight (< 2500 g), with an increase in prevalence seen among firstborns whose 

motherss were infected with HIV-alone, malaria-alone, or  dual infection compared to 

thosee with neither  of these infections (P - 0.09,0.006 and <0.001) respectively (Table 2). 

However,, no difference was seen in prevalence of low birthweight and maternal infection 

statuss among multigravidae (P = 0.3, P - 0.4, and P = 1.0, respectively). In a multipl e 

linearr  regression model, maternal HTV 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 regression model, this 

meann (95% CI) birthweight was 40g (-32 to 112,/*  = 0.3) lower in primigravidae women 

withh 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 women with dual infection. The mean 

(SD)) birthweight of infants of uninfected multigravidae women was 3373g (447) (Figure 

2).. Maternal HIV-alone and dual infection lowered this mean birthweight by 138g (78-

199)) and 161 g (63-259), respectively (P < 0.001 for each), but malaria infection alone 

hadd no effect (8g, 95% CI -71 to 88; P = 0.80). Women who had parasitaemia in the 

thirdd trimester and also had malaria at delivery were at a higher risk of delivery of LBW 

babyy compared to aparasitaemic women in the third trimester who had malaria at delivery 

[100 .5 % (25 out of 239) versus 5.5% (16 out of 291), RR, 1.9; 95% C, 1.0-3.5; P = 0.04]. 

Inn a Poisson regression model, malaria-alone and dual infection were associated 

withh a 2-fold and a 3-fold increased risk of LBW (P - 0.008 and P < 0.001) respectively 

amongg the primigravidae, with no significant effect seen among the multigravidae (P=0J 

forr both groups; Table 3). 

GestationalGestational age: 

Gestationall  age was determined for 2397 singleton live born infants (98.6% of the life born 

singletons).. The mean (SO) gestational age was 38.6 weeks (1.3 weeks) and 160 infants were 

deliveredd preterm (6.7%). Higher rates of preterm delivery were seen with maternal malaria 

infectionn (P - 0.027) or dual HIV/malaria infection (P < 0.0001), but only in the 

primigravidaee (Table 2). The mean (SD) gestational age of infants of uninfected 

primigravidaee women was 38.6 (1.3) weeks. After adjusting for other covariates in the linear 

regressionn model, HIV infection alone had no effect on the mean gestational age among 

primigravidae,, mean (95% CI) reduction 0.02 (-0.02 to 0.2) weeks, (P = 0.9). However, the 



meann (95% CI) gestational age was 0.4 weeks (0.1-0.6) lower in primigravidae with malaria-

alonee (P< 0.001) and 0.4 weeks (0.1-0.7) (P - 0.004) in dually infected primigravidae. In a 

multiplee linear regression analysis among multigravidae, HIV infection was not associated 

withh gestational age, mean reduction 0.04 (-0.2 to 0.1) weeks, (P  0.7). Further analysis 

revealedd that malaria and dual infection were associated with a significant increase in the 

meann gestational age of 0.3 (0.1-0.5) weeks (P = 0.02) and 0.3 (0.0-0.6) weeks (P = 0.04) 

respectively. . 

Inn a Poisson regression model, primigravidae women infected with malaria-alone 

hadd increased risk of PTD when compared with uninfected women, but this risk was only 

marginallyy significant (P = 0.06), while dual-infection in the same group increased the 

riskrisk of PTD by 3-fold (P < 0.001); none of the infections had any effect on PTD among 

thee multigravidae (HIV-alone P = 0.5, malaria-alone P = 0.3 and dual-infection P - 0.2, 

Tablee 3). 

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-alonee (P = 0.008) or dual-infection (P = 0.02), and was higher in multigravidae 

withh dual infection (P = 0.01) (Table 2). As was the case with LBW, women who had 

parasitaemiaa in the third trimester, and also at delivery were at higher risk of delivery of 

SGAA infant compared to aparasitaemic women in the third trimester who had malaria at 

deliveryy [18.2% (43 out of 236) versus 11.4% (33 out of 290), RR, 1.6; 95% CI, 1.1-2.4; 

PP « 0.03], but no effect was observed on prematurity [8.5% (20 out of 236) versus 9.0% 

(266 out of 290), RR, 0.9; 95% CI, 0.5-1.7; P=Q.%]. In a Poisson regression model, 

primigravidaee women infected with malaria-alone or dual infection were significantly at 

increasedd risk of delivery of a SGA infant when compared with uninfected women (P = 



0.011 and P = 0.03 respectively). Multigravidae with dual infection had a borderline 

significantt increase in the risk of SGA (P = 0.06). 

MaternalMaternal anaemia: 

Hemoglobinn levels taken within 12 hours of delivery were available for 2173 out of 2432 

womenn (89.4%) who delivered singleton live-born infants. The mean (SD) hemoglobin 

wass 10.5 (2.4) g/dl and 1243 out of 2173 women (57.2%) had anaemia (Hb < 11 g/dl), 

andd 300 women (13.8%) had moderate to severe anaemia (Hb < 8 g/dl). A higher 

prevalencee of moderate to severe anaemia was seen among primigravidae with HIV-

alonee (P = 0.008) or in both gravidae women with dual infection (P = 0.003 for 

primigravidae)) and (P< 0.001 for multigravidae) (Table 2). Mean hemoglobin levels, 

stratifiedd by maternal infection status and gravidity are shown in Figure 2. The mean 

(SD)) haemoglobin of uninfected primigravidae was 10.8 (2.4) g/dl. After adjusting for 

otherr covariates in the multiple linear regression model, this mean (95% CI) haemoglobin 

wass 0.9 (0.4-1.3) g/dl lower in primigravidae women with HlV-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 2). Among 

uninfectedd multigravidae women, the mean (SD) haemoglobin was 10.7 (2.4) g/dl. 

Amongg the multiple women, multiple linear regression showed that infection with HIV-

alonee lowered the mean (95% CI) Hb levels by 0.4 (0.05-0.7) g/dl (P = 0.03), but 

malaria-alonee had no effect, mean reduction 0.4 (0.0-0.8) (P = 0.1). Dual infection 

significantlyy lowered the mean (95% CI) Hb by 1.3 (0.7-1.8) g/dl (P< 0.001) (Figure 2). 

Inn a Poisson regression model, primigravidae with HIV-alone had a 1.8-fold 

increasedd risk of postpartum moderate to severe anaemia (P = 0.01; Table 3), and this 



riskk was more than 2-fold among dually infected women in both primigravida e and 

multigravida ee (P - 0.002 and P < 0.001 respectively). 

AdverseAdverse birth outcome in relation to single versus dual infection 

Comparedd to primigravida e women infected with HTV-alone, those with dual 

infectionn had a borderline significant increase in the risk of LBW {P = 0.06), and an 

increasedd risk of PTD (P = 0.03); and among the multigravidae, there was an increased risk 

off  moderate to severe anaemia (P - 0.002; Table 3). Dually infected primigravida e women 

hadd a borderline increased risk of moderate to severe anaemia when compared to women 

infectedd with malaria-alone (P - 0.05), and this effect was significant among the 

multigravida ee (P «= 0.03; Table 3). 

Discussion n 

Thee current analyses were conducted to determine the effect of HIV , malaria and dual 

infectionn on birt h outcome. Several studies conducted in areas of different malaria 

transmissionn pressure in sub-Saharan Afric a have reported that, compared to HTV-

seronegativee women, HTV-seropositive women have higher  prevalences and density of both 

peripherall  and placental parasitaemia [9,11,13]. However, the adverse consequences of 

malariaa and HTV on birt h outcome and maternal anemia have been less clear. 

Consistentt  with findings of other  studies in the region [35,36], we found that, 

comparedd to uninfected women (with no malaria or  HTV), maternal HIV infection was 

associatedd with a reduction in mean birthweight of 99 g and the effect was most evident 

amongg multigravidae seropositive for  HIV-alone where there was a 138 g reduction in 



meann birthweight. This differential effect of HIV by gravidity is likely due to the fact 

thatt multigravidae are older and more likely to have an HIV infection of longer duration. 

Indeed,, in our study, women with higher gravidity had, on average, lower CD4 counts 

(dataa not shown). The HIV-associated reduction in birth weight may be attributable to 

thee direct effects of intrauterine infection through mother-to-child transmission [37]. In 

ourr study, women infected with HIV-alone were also at greater risk of delivering a LBW 

baby,, but the prevalence of LBW overall was low and the difference was not statically 

significant. . 

Inn the present study, neither prematurity nor small for gestational age was found 

too be associated with maternal HIV-infection alone, a finding that is consistent with the 

studyy carried out among asymptomatic HTV-seropositive women in Uganda [36], but is 

inn contrast to a study conducted in Kinshasa that included many women with HIV-

associatedd disease (symptomatic women) and reported a significantly higher prevalence 

off  prematurity and LBW among infants born to symptomatic HTV-seropositive women 

[38].. We have no explanation for the modest, but significant increase in gestational age 

amongg multigravidae infected with malaria-alone or dual infection observed in our study. 

Infectionn with HIV-alone nearly doubled the risk of postpartum moderate to 

severee anaemia in primigravidae, and was associated with a reduction in mean 

haemoglobinn levels in multigravidae, consistent with a previous study in which HIV-

seropositivee multigravidae were found to be at a significantly increased risk for severe 

anaemiaa (Hb < 7g/dl) in the third trimester, independent of malaria [21]. Postpartum 

haemorrhagee has been found to be associated with HIV infection [39] and could have 

loweredd the postpartum Hb levels in our study, however, this pregnancy outcome was 

reportedd 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 



maternall  postpartum Hb levels due to volume redistribution resulting from the effects of 

labour.. The blood sample for Hb estimation in our study was taken soon after delivery in 

aa consistent manner for all the women in the four groups. Thus the observed trend in 

Figuree 2 is likely a true trend reflecting the direct effect of HIV and/or its co-infection 

withh malaria on postpartum anaemia. 

Womenn who had parasitaemia during the third trimester and also had malaria at 

deliveryy had increased risk of both LBW and SGA, when compared to women with malaria at 

deliveryy but had no detectable parasitaemic in third trimester. This is presumably because 

longer-standingg infection is necessary to impact on foetal growth. As expected maternal 

malariaa infection identified at delivery was associated with a reduction in mean birth weight 

resultingg from a combination of reduced gestational age and an increased risk of intra uterine e 

growthh retardation among the primigravidae [40], However, among multigravidae, infection 

withh malaria-alone had no effect on birth weight, prematurity or intra uterine growth 

retardation. . 

Comparisonn of dual with singly infected women showed that primigravidae with dual 

infectionn had increased risk of delivery of a premature baby and a marginally increased risk 

off  delivery of a LBW baby compared to their counterparts infected with HTV-alone. Among 

thee multigravidae, dual infection substantially increased the risk of moderate to severe 

anaemiaa over and above that among women infected with HIV-alone or malaria-alone. No 

additionall  adverse effects on infant outcome were observed among dually infected women in 

comparisonn with women with single infections. Even though we observed lack of a statistical 

interactionn (effect measure of modification) between malaria and HTV infection in our 

analysis,, our data show that the excess risk of adverse birth outcome due to dual infection is 

equall  or greater than the sum of excess risks due to individual infections, suggesting a 

synergisticc (additive) effect of the dual infection [34]. When compared to uninfected women, 



duall  infection among primigravidae was associated with a 3-fold increased risk of LBW, 

almostt 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. A recent study has shown maternal anaemia 

too be associated with a high risk of LBW [41], a known risk factor for infant mortality [6]. 

Duall  infection may thus have important detrimental impact on maternal morbidity through its 

associationn with maternal anaemia [20,21], and on infant survival through its direct and 

indirectt association with restriction on infant growth. We are currently also investigating 

whetherr children born from women dually infected with HIV and placental malaria are more 

likelyy to be infected with HTV, due to increased transmission of HIV from mother to infant in 

thee presence of placental infections with P. falciparum as was postulated in a study from 

Malawii  [42]. 

Ourr 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 

15.0%% reported by a previous study from the same hospital [43]. This is likely to have 

resultedd from the different entry criteria used in the current study: as opposed to the 

previouss study that included all women attending delivery at our study hospital, women 

inn the current study were eligible for screening only if they had no known underlying 

diseasee and, had attained a gestational age of 32 weeks or more (based on the fundal 

heightt estimation by clinic nurse/midwife), and had an uncomplicated pregnancy. 

Therefore,, our study sample is not representative of the overall ANC population in this 

hospitall  and represents a selection of otherwise "healthy" women. Because we only 

includedd women with a gestational age > 32 weeks, the effects of HIV and malaria 

infectionn on early events of pregnancy outcome, such as abortions, and very premature 



deliveryy could not be evaluated. In addition, the number  of perinatal deaths in our  study 

wass small (2.0% n = 2466), likely due to the same reasons noted above. 

Ourr  study, which is one of few studies with substantial numbers to determine the 

effectt  of dual infection of HIV and malaria on pregnancy outcome confirms an additional 

HIV-relate dd public health problem in malaria endemic areas of sub-Saharan Africa , where the 

effectss of malaria (single) infection on risk of LBW and prematurit y among the primigravida e 

aree exacerbated by dual infection in comparison with women with no infection. We conclude 

thatt  in areas with moderate or  high prevalence of HTV and malaria, priorit y should be given 

too interventions that control malaria in pregnancy for  all pregnant women, as the provision of 

thesee interventions is critical to improved birt h outcomes. It is also important to assess if 

treatmentss of anaemia that have proven to be beneficial in HTV-seronegative pregnant women 

offerr  the same benefits in HIV-seropositive women. 
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Figuree 1. Flowchart of inclusion and exclusion of study women for  analysis 

5168 8 
Screenedd at ANC 

75 5 
Noo lab results, excluded 

5093 3 
Hadd HIV results 

2554 4 
Deliveredd elsewhere, excluded 

2539 9 
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36 6 
Multipl ee deliveries, excluded 

1 1 
37 7 

Noo PM results, excluded 
2466 6 

Singletons s 

34 4 
Stillbirths ,, excluded 

2432 2 
Livee singletons 



Figuree 2. Mean birt h weight*  by maternal HI V and malaria (Mai) infection 

statuss and by gravidity , in Kisumu, western Kenya, Junee 1996-March, 1999 
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Noo infection HIV-atonee Malaria-abne Dual infection 

Maternall  status 
HIV:: human immunodeficiency virus. Error bars indicate the 95% confidence interval for mean 

estimates. . 

'Adjustedd for maternal weight (< 25 percentile versus *25 percentile, kg), maternal age (< 20 vs *20 

years),, years of education (< 8 vs * 8 years), ethnicity (Luo vs non Luo), season of delivery (rainy vs 

dry),, a hospitalization in pregnancy and gender of the child . 



Figuree 3. Mean haemoglobin by maternal HIV and malaria (Mai) infection status 

andd by gravidity , in Kisumu, western Kenya, June 1996-March, 1999 
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Maternall  status 

HIV:: human immunodeficiency virus. Error bars indicate the 95% confidence interval for 

meann estimates. 

'Adjustedd for maternal weight (< 25 percentile versus *25 percentile, kg), maternal age (< 20 

vsvs *20 years), years of education (< 8 vs * 8 years), ethnicity (Luo vs non Luo), season of 

deliveryy (rainy VJ dry), a hospitalization in pregnancy, gender of the child, type of delivery 

(caesareann section or assisted delivery vs normal delivery) and use of haematinics. 



Tablee 1. Baseline Characteristics of the women excluded and included in the analysis, 

NyanzaNyanza Provincial General Hospital, Kisumu, western Kenya, Junel996-March, 1999 

Variable e 

Meann age (years)  SD 

Primigravidae e 

Completedd £8 years of 

education n 

Unemployed d 

Married d 

Luoo ethnicity 

Urbann residence 

Syphiliss (RPR)+ 

HIV+ + 

Maternall  parasitaemia in 

33 rd trimester 

Hbb < 8 g/dl 3rd trimester 

Malariaa at delivery 

Cordd blood parasitaemia 

Hbb < 8g/dl Post delivery 

Unassistedd vaginal 

delivery y 

Loww birth weight 

Pretermm delivery1 

Smalll  for gestational age* 

Stillbirth h 

Excludedd from analysis* 
N=2627 7 

(N9-- with 
factor/total) ) 

916/2627 7 

1555/2626 6 

1960/2624 4 

2148/2627 7 

2125/2627 7 

1884/2627 7 

58/2445 5 

670/2627 7 

552/2627 7 

439/2578 8 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

22.44 9 

(34.9%) ) 

(59.2%) ) 

(74.7%) ) 

(81.8%) ) 

(80.9%) ) 

(71.7%) ) 

(2.4%) ) 

(25.5%) ) 

(21.0%) ) 

(17.0%) ) 

Included d 
N= = 

(N^with h 
factor/total) ) 

1169/2466 6 

1684/2466 6 

1879/2465 5 

1881/2466 6 

1907/2466 6 

2142/2466 6 

55/2288 8 

599/2466 6 

472/2466 6 

361/2438 8 

543/2466 6 

9/2409 9 

305/2197 7 

2351/2465 5 

122/2464 4 

160/2399 9 

236/2399 9 

34/2466 6 

inn analysis 
2466 6 

7 7 

(47.4%) ) 

(68.3%) ) 

(76.2%) ) 

(76.3%) ) 

(77.3%) ) 

(86.9%) ) 

(2.4%) ) 

(24.3%) ) 

(19.1%) ) 

(14.8%) ) 

(22.0%) ) 

(0.4%) ) 

(13.9%) ) 

(95.4%) ) 

(5.0%) ) 

(6.7%) ) 

(9.8%) ) 

(1.4%) ) 

P-value e 

<0.001 1 

<0.001 1 

<0.001 1 

0.216 6 

<0.001 1 

0.002 2 

<0.001 1 

1.00 0 

0.331 1 

0.100 0 

0.034 4 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 



'Reasonss for  exclusion: no hospital delivery (2554), multipl e delivery (36), no malaria result at delivery (37). 
SDD = standard deviation, NA - not applicable. 

nn = Number  studied. 

RPRR ™ rapid plasma reagin card test. 

fPretermm delivery was classified as any that occurred before 37 completed weeks' gestation, using a 

standardizedd Ballard method [27]. 

dd as sex-specific birt h weight at or  below the 10*  percentile weight-for-gestational age of an 

internationall  reference group [31]. 
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Riskk factors for  Malari a in pregnancy in an urban and periurban 

populationn in western Kenya 
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Abstract t 

Too assess risk factors for malaria in pregnancy in Kisumu, western Kenya, we 

studiedd healthy women with an uncomplicated pregnancy of 2 32 weeks attending the 

antenatall  clinic in the Provincial Hospital. Between June 1996 and March 1999, malaria 

andd HIV infection were examined in 5,093 pregnant women, 2,502 of whom delivered in 

thee hospital. 20.1% of the women were parasitaemic and 24.9% were HTV-seropositive. At 

deliveryy the prevalence of placental malaria, maternal peripheral parasitaemia, and HIV 

infectionn was respectively 19.0%, 15.2% and 24.5%. HIV infection (risk ratio [RR] 1.58, 

95%% confidence interval [CI] 1.32-1.89), young age (< 21 years: RR 1.51, 95% CI 119-

191),, being a primigravidae (RR 1.41, 95% CI 1.05-1.88), a periurban residence (RR 1.50, 

95%% CI 1.21-1.88), and Luo ethnicity (RR 1.74,95% 1.35-2.24) were risk factors for 

malariaa at delivery. The use of sulfadoxine-pyrimethamine (SP), reported by 2.1% of the 

women,, was a protective factor (0.44, 0.18-1.06). Results were similar in the 3rd trimester. 

InIn this urban/periurban setting, preventing HTV infection, delaying the first pregnancy after 

adolescence,, and applying an effective antimalarial strategy such as intermittent therapy 

withh SP could reduce the prevalence of malaria in pregnancy. 

Introductio n n 

Malariaa is an important infectious disease, affecting millions of persons in 

developingg countries, principally young children and pregnant women. In sub-Saharan 

Africaa more than 20 million pregnancies are at risk each year (UNITED NATIONS 

CHILDREN'SS FUND, 1998). In areas with high malaria transmission, Plasmodium 

falciparumfalciparum infection during pregnancy is generally not associated with acute symptoms 
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suchh as fever, and therefore remains undetected and untreated. Important adverse 

consequencess of malaria in pregnancy include maternal anaemia and infant low birth 

weight,, because of both prematurity and intra-uterine growth retardation (BRABIN, 1983; 

MENENDEZ,MENENDEZ, 1995; STEKETEE et al, 1996b). 

Manyy epidemiologic studies of malaria in pregnancy in sub-Saharan Africa have 

beenn conducted in rural settings in which malaria is endemic with seasonal or year-round 

transmission.. With the fast growing urbanization in sub-Saharan Africa (5-11% per year), 

urban/periurbann malaria is of increasing public health importance (SIMON, 1996). For 

Africann conditions a minimum population of 2,000 appears to be a common definition for 

ann urban population (NORDBERG & WTNBLAD) and this definition is also used in Kenya 

(CENTRALL BUREAU OF STATISTICS, NAIROBI, KENYA, 1994). Studies on malaria 

inn pregnancy have been reported from urban areas in Malawi, Uganda, Tanzania, Zaire, 

Mozambiquee and Burkina Faso (ROGERSON et al, 2000; KASUMBA et al, 

2000;STEKETEEE et al., 1988; MATTEELLI et al, 1994; BERGSTROM et al, 1993; COT 

ett al., 1993). In the urban area of Maputo, Mozambique, 15.5% of maternal deaths could be 

directlyy attributed to malaria (GRANJA et al, 1998). Compared with surrounding rural 

areas,, malaria transmission in urban/periurban areas may be lower (TRAPE et al., 1992) 

becausee of reduced or different vector populations (ROBERT et al, 1992; COENE, 1993). 

Characteristicss of urban/periurban malaria may differ because of access to medication and 

healthh services. 

Thee aim of this study was to describe the epidemiology of malaria in the 3rd 

trimesterr and at delivery in an urban and periurban population of western Kenya, an area 

withh perennial malaria transmission and a high HIV prevalence. We particularly were 

interestedd in both biologic factors (e.g. age, gravidity, and HTV) and programmatic issues 

(characteristicss amenable to intervention) of malaria prevalence in this study population. 
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Reportss on the epidemiology of HIV and anemia in this population have been published 

elsewheree (AYISI et al, 2000; van Eijk et al, 2001). 

Materialss and methods 

StudyStudy site 

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

Kisumu,, a town with a population of approximately 300 000 in an area covering 290 km2, 

locatedd on the shore of Lake Victoria in western Kenya. In 1999 an estimated 17,696 

pregnanciess occurred, resulting in a crude birth rate of 54/1,000 inhabitants (MINISTRY 

OFF FINANCE AND PLANNING, 1999). Most of the population belongs to the Luo tribe, 

butt other tribes are represented (Luhya, Kisii, Kikuyu, Kalenjin, Nandi). Malaria 

transmissionn is perennial, with peak transmission at the end of the long rainy season from 

mid-Aprill  through June. P. falciparum accounts for 98% of the malaria cases. Chloroquine 

resistancee is widespread, and in the early nineties in a nearby area (Siaya-district) 

approximatelyy 75% of P. falciparum infections were reported to have an RII/RUI resistance 

too chloroquine (BLOLAND et al., 1993). NPGH is a 400-bed government-referral hospital; 

itt provides health care mostly to the local low-income population. On average, about 90 

womenn attend the prenatal clinic service daily, of whom 33% arrive for their first antenatal 

visit. . 

StudyStudy population and enrollment procedures 

Thiss study was conducted as part of an investigation of the interaction between 

malariaa and HIV infection in pregnant women, details of which have been described 

elsewheree (VAN EIJK et al, 2001; AYISI et al, 2000). Briefly, healthy pregnant women 

visitingg the prenatal clinic of the NPGH with an uncomplicated singleton pregnancy of at 
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leastt 32 weeks gestation and residing in the Kisumu area were invited to participate. After 

informedd consent was obtained, a questionnaire was completed to collect information on 

socioeconomicc status (SES), medical, and obstetric history. Body weight and height were 

measured.. After the patient received counselling about HIV and consented to testing, blood 

wass obtained by finger prick for HIV testing and a malaria thick smear. All women were 

encouragedd to deliver in the hospital. However, typically about half of the women deliver at 

home.. After delivery, blood was again obtained from the mother by finger stick for a 

malariaa smear. A thick blood smear was made from maternal placental blood. The study 

wass completed before April 1999, when intermittent protective treatment with sulfadoxine-

pyrimethaminee (SP) was introduced as the national policy for control of malaria in 

pregnancy. . 

LaboratoryLaboratory Procedures 

Peripherall  blood smears were stained with Giemsa and examined under oil 

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

fieldss revealed no parasites. Malaria parasites were counted against 300 leucocytes. Parasite 

densitiess were estimated using an assumed count of 8,000 white blood cells per microliter 

off  blood. Placental smears were treated and counted the same way. HTV testing involved 

thee use of two rapid test methods: Serostrip HIV-1/2 (Saliva Diagnostic Systems Pte. Ltd., 

Singapore),, and subsequent confirmation by Capillus HTV-l/HTV-2 (Cambridge 

Diagnostics,, Wicklow, Ireland). 

Definitions Definitions 

MalariaMalaria was defined as the presence of asexual stage parasites in thick smears, 

independentt of the presence or absence of clinical signs or symptoms and independent of 
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species.. Malaria at delivery was defined as either a positive placental smear, or a positive 

maternall  peripheral smear at the time of delivery, or both. If a parasitaemia of * 5000 

parasitess per microliter was present, this was called a high-density infection. Urban areas 

weree areas located in or immediately around the centre of Kisumu; periurban areas were 

locatedd at the outskirts of Kisumu that border the rural areas. Rainy season included the 

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

socioeconomicsocioeconomic status (SES) was defined as the absence of electrical supply to the house 

(RYDERR et al, 1989). HIV seropositive of adult women was defined as a reactive result 

onn both rapid tests; women not reactivee on Serostrip HTV-1/2 were considered HIV 

seronegative.. In case of an inconclusive result, a Western blot test was done. Young women 

weree defined as women less than 21 years of age, the median age of the study population in 

thee 3rd trimester. A pregnancy was called uncomplicated if there was no evidence of 

multiplee gestation, hypertension, pre-eclampsia, polyhydramnios, an abnormal presentation 

off  the fetus, a history of caesarian section, haemorrhage or repeated abortions (>2). 

AnalysisAnalysis and statistical methods 

Differencess in means were compared using the Students Mest. The Mann-Whitney 

testt was used for nonparametric comparison of two groups. Differences in proportions were 

analysedd using Chi-square tests or Fisher exact test when appropriate. Poisson regression, 

whichh allows the determination of adjusted relative risks, was used for multivariable 

analysis,, to examine the association between malaria and maternal characteristics that were 

significantt in the univariate analysis, or factors that were thought to be biologically 

importantt based on published reports. Possible interactions between significant variables 

weree assessed. Because of the similarity between risk factors for placental malaria and 

peripherall  parasitaemia at delivery, and the considerable overlap between the two variables, 
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theyy were combined in one variable indicating malaria infection at the time of delivery. 

Factorss that were significant in the model for either 3rd trimester parasitaemia or malaria at 

deliveryy were kept in the models, even when not significant, to allow comparison between 

thee two time-points. Gravidity was used as a categorical variable, divided into 

primigravidae,, secundigravidae, and using gravidae 3 or more as the reference group. Age 

wass used as a dichotomy, indicating less than the median age of 21 years, or ;>21 years. A 

logisticc regression model was used to estimate the expected probabilities (and 95% 

confidencee intervals) of malaria in the 3rd trimester and at delivery by gravidity, age and 

HIV-status.. The statistical programs SPSS (SPSS for Windows 9.0, SPSS Inc., Chicago, 

Illinois,, USA) and SAS (the SAS system for Windows, 6.12, SAS Institute Inc., Cary, 

Northh Carolina, USA) were used. A two-sided P value < 0.05 was considered significant. 

InstitutionalInstitutional Review Board 

Ethicall  clearance was obtained from the institutional review boards of the Kenya 

Medicall  Research Institute, Nairobi, Kenya, the Centers for Disease Control and 

Prevention,, Atlanta, USA, and the Academic Medical Centre of the University of 

Amsterdam,, The Netherlands. 

Results s 

Betweenn June 1996 and March 1999,5,211 women in their 3rd trimester of 

pregnancyy were eligible for enrollment. Forty three women contributed twice to the data set 

withh two different pregnancies. Only the first pregnancy was included. Fifty three women 

whoo had an indeterminate HIV status, and 22 women with no malaria smear result were 

excluded;; the remaining 5,093 women contributed to the analysis of malaria in the 3rd 

trimester.. Of these women, 2,539 (49.9%) delivered in the hospital. Thirty seven women 
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weree excluded because no smear was obtained at delivery. The remaining 2,502 women 

contributedd to the analysis of malaria at the time of delivery. Women excluded at delivery 

weree significantly older, were more likely to be multigravidae, had fewer years of 

education,, had a lower SES and were more likely to live in a periurban location (Table 1). 

Forr women who delivered in the hospital, the median time between enrolment in the ANC 

andd delivery in the hospital was 4.4 (25 percentile 2.1; 75 percentile 7.0) weeks. 

MalariaMalaria parasitaemia in pregnancy and at delivery 

Thee prevalence of malaria in the 3rd trimester was 20.1%, and 21.9% at delivery 

(15.2%% for peripheral parasitaemia at delivery and 19.0% for placental malaria). In positive 

peripherall  smears combined, P. falciparum was present in 97.5%, a mixed infection of P. 

falciparumfalciparum and P. malariae in 1.5% and P. malariae as single infection in 1.0%. The 

distributionn of species for placental blood smears was 98.5%, 1.3% and 0.2%, respectively. 

Thee geometric mean parasite densities (95% confidence interval [CI]) were: 648 (583 -

721),, 459 (382 - 551) and 898 (754 -1071) parasites per microliter for smears in the 3rd 

trimester,, maternal peripheral smears at delivery, and placental smears respectively. Among 

womenn with a positive peripheral smear at delivery, 79.4% had placental malaria, and in 

65.9%% of the women with placental malaria, the peripheral smear was positive. 

UnivariateUnivariate analysis 

InIn the univariate analysis the importance of the following variables for malaria in 

thee third trimester and at the time of delivery were assessed: a young age, primi-and 

secundigravidaee versus gravidae ^3, marital status, education level, the absence of an 

electricall  supply to the residence, location of residence, ethnicity (Luo versuss other tribes), 
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maternall  weight, maternal body mass, HIV serostatus, season, a history of fever, and the 

reportedd use of SP in pregnancy (Table 2). 

Ann increased risk of malaria in the 3rd trimester was associated in the univariate 

analysiss with young age, being primi- or secundigravidae, being unmarried, a periurban 

residence,, belonging to the Luo tribe, a weight < 58 kg (the 25th percentile in the 3rd 

trimesterr of this study population), a body mass < 23.3 kg/m2 (the 25th percentile in the 3rd 

trimester),, a history of fever, and HIV infection. A decreased risk was associated with the 

reportedd use of sulfadoxine-pyrimethamine (SP) in pregnancy (Table 2); however, this was 

onlyy significant for the women excluded at delivery. 

Onlyy 13.7% of the positive smears in the third trimester had high densities (> 5000 

parasites/mm3),, with no difference among women who delivered in the hospital (13.4%) or 

womenn who delivered elsewhere (13.9%). High density infections were associated with 

beingg a primi- or secundigravidae (RR 1.93,95% CI 1.22-3.07, P = 0.003, and RR 1.88, 

95%% CI 1.12-3.17, P = 0.02, respectively), HIV infection (RR 2.37,95% CI 1.74-3.23, P < 

0.001),, and marital status (RR 1.48,95% CI 1.09-2.03), but not with young age (RR 1-25, 

95%% CI 0.90-1.73, P = 0.2), or any of the other variables used for univariate analysis. 

Malariaa at the time of delivery was associated with all characteristics significant in 

thee univariate analysis for 3rd trimester parasitaemia, and a low SES and rainy season at the 

timee of delivery. 

AA high-density infection was present in 21.5% of the positive placental smears, and 

wass associated with a history of fever in the 2 weeks preceding delivery (RR 1.53,95% CI 

1.08-2.17,, P - 0.03) but not with a primi- or secundigravidae (RR 1.61,95% CI 0.95-2.71, 

PP = 0.08 and RR 1.15, 95% CI 0.60-2.20, P = 0.7 respectively), HTV infection (RR 1.15, 

95%% CI 0.81-1.64), a young age (RR 0.93, 95% CI 0.65-1.33), or any of the other variables 

usedd in univariate analysis. 
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Womenn with a gravidity number 3 or 4 did not have a different risk on parasitemia 

comparedd to women with a higher gravidity number in the third trimester (14.6% versus 

12.9%,, RR 1.13,95% CI 0.88-1.46, P = 0.3), but a significant difference was seen at 

deliveryy (17.3% versus 10.7%, RR 1.62,95% CI 1.08-2.43, P = 0.02). Grand-multigravidae 

(womenn with *6 pregnancies) did not have a different risk on malaria than women with 

gravidaa number 3 to 5 in the third trimester and at delivery (data not shown). 

AntimalarialAntimalarial use in pregnancy 

Inn the 3rd trimester, 21.5% of the women reported a history of fever in the week 

beforee the ANC visit and 26.4% had a history of fever in the 2 weeks before delivery. The 

reportedd history of fever was not confirmed by documented objective observations. Out of 

50533 women in the 3rd trimester, 2211 women (43.8%) reported the use of medication for 

feverr in pregnancy, and at deliver)' 475 out of 2476 women (19.2%) reported the use of 

feverr medication in the last 2 weeks. Approximately one out of each 5 women (19.6%) 

reportedd the use of an antimalarial in the 3rd trimester, and 7.0% of the women at delivery 

hadd used an antimalarial within the last 2 weeks. The history of the use of antimalarials was 

nott confirmed by urine tests for metabolites of chloroquine and SP, or by documentation on 

medicall  forms. Women who reported the use of SP had less malaria in the 3rd trimester and 

att delivery (table 2). The recent use of chloroquine was not associated with parasitaemia in 

thee third trimester, but an increased risk of parasitaemia was seen at delivery (RR 1.37, 

95%% CI 1.01-1.85, P - 0.046). Multigravidae (G*3), older women, and HTV-seropositive 

womenn reported a higher use of an antimalarial in both the 3rd trimester and at delivery (e.g 

inn the 3r i trimester: RR 1.44,95% CI 1.29-1.61, P < 0.001, RR 1.70,95% CI 1.51-1.92, P < 

0.001,, and RR 1.16,95% CI 1.03-1.32, P » 0.02, respectively), however, an increased 
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frequencyy of complaints of fever was only seen in HTV-seropositive women (data not 

shown). . 

MultivariableMultivariable analysis and risk groups 

Characteristicss associated with maternal parasitaemia in the 3rd trimester and at 

deliveryy included young age, HIV-infection, and Luo ethnicity (Table 3). Primigravidae, 

andd a periurban residence were associated with parasitaemia in the women in the 3rd 

trimesterr excluded at delivery, and in women at delivery. Maternal body mass and SES 

weree not consistent as risk factors for malaria. The use of SP was associated with a 

reductionn in malaria, but this was only significant in women in the third trimester excluded 

att delivery. When the history of the use of SP in the 3rd trimester and at delivery was 

combined,, SP use was a significant protective factor at delivery as well (adjusted RR 0.58, 

95%% CI 0.38-0.89). Repeating the models without significant factors only changed the 

modell  of malaria in the third trimester of women included at delivery; the risk ratio of 

youngg age (adjusted RR 1.99, 95% CI 1.67-2.37), HTV seropositive (adjusted RR 1.85, 

95%% CI 1.55-2.20), and periurban residence (adjusted RR 1.30,95% CI 1.09-1.56) 

increased,, while the risk ratio of Luo ethnicity (1.43,95% 1.10-1.85) decreased when 

gravidityy and the use of SP in pregnancy were excluded. The effect of body mass was 

similar. . 

Figuree 1 shows the relationship between gravidity and age on the prevalence of 

parasitaemiaa in HIV-seronegative women in thiss study population in the 3rd trimester. 

Womenn who reported use of SP in pregnancy were excluded for this analysis. Among 

primigravidae,, young women (age < 21 years) were at an increased risk for malaria 

comparedd with older women (age *21 years, RR 1.97,95% CI 1.42-2.74, P < 0.001). 

Amongg G*3, a similar trend was seen, although the differences were less pronounced (age 
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<< 21 years versus *21 years: RR 1.67,95% CI 1.04-2.68, P = 0.05). The secundigravidae 

showedd no significant differences in the prevalence of parasitemia within different age 

groups.. Compared with primigravidae, secundigravidae had a significantly lower 

prevalenceprevalence of parasitaemia at an age < 21 years (RR 1.65,95% CI 1.31-2.09, P < 0.001). At 

i.i. 21 years of age, differences between gravidity groups were not significant (e.g. Gl versus 

G2:: RR 0.90,95% CI 0.61-1.33, P = 0.6). The pattern of the graph for malaria at delivery 

wass similar (not shown). The pattern for HIV-seropositive women was similar, but at 

higherr prevalence rates of malaria (data not shown). 

Wee estimated the expected probabilities of malaria parasitaemia in the 3rd trimester 

andd at delivery in a logistic regression model for age, gravidity, and HIV status (Table 4). 

Too simplify the model, gravidity was grouped into primigravidae versus multigravidae. 

Older,, HTV-seronegative primi- and multigravidae had the lowest probabilities of 

parasitemia,, and young HIV-seropositive primi-and multigravidae the highest. The effect of 

HTV-infectionn seemed to annihilate the protective effect of older age in primigravidae, with 

similarr probabilities in HIV-positive older primigravidae compared to young HTV-

seronegativee primigravidae; in multigravidae a similar pattern was seen. 

Discussion n 

Wee identified multiple risk factors associated with malaria during pregnancy, and 

mostt risk factors were consistent in 3rd trimester and at the time of delivery. As has been 

reportedd from previous studies in rural Malawi, important determinants for malaria 

infectionn included increased exposure (periurban residence), lower or altered immune 

responsee (first pregnancy, young age, and HTV infection), or adequate treatment (use of SP) 

(STEKETEEE et al.y 1996a, 1996b). Unlike in Malawi, in this area of perennial 

transmission,, there was no difference in risk of malaria by season of the year. 
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Onee of the most striking features of the epidemiology of malaria in pregnancy is the 

decreasingg risk for malaria with increasing gravidity number, whereby women in their first 

pregnancyy have the highest prevalence of parasitaemia. In studies in rural Malawi, young 

agee was a risk factor as well, independent of gravidity (STEKETEE et aL, 1996a). Age 

appearedd as a more important determinant of malaria in pregnancy than gravidity in the 

urbann population of Blantyre, Malawi, and in in rural southern Mozambique (ROGERSON 

etet aL, 2000; SAUTE et aL, 2002). Young age was mainly a risk factor in primigravidae 

and,, contrary to the findings in Blantyre, was not associated with high parasite densities 

(ROGERSONN et aL, 2000). 

Youngg pregnant women may have different risk behaviour related to exposure to 

malaria,, e.g. the sleeping arrangements in a house whereby scarce protective resources such 

ass bed nets may be prioritized to parents and small children. The current study also suggests 

thatt young pregnant women may be less likely to self-medicate with antimalarials 

comparedd to older women. However, we saw an age effect that was independent of the 

reportedd use of antimalarials, socio-economic status, level of education, or HTV infection. 

Anotherr explanation may be that immunity to malaria develops further during adolescence 

andd early adulthood. In addition, age may not only be an indicator of immunity developed 

ass a consequence of cumulative exposure over the years, but may also be an indicator of 

hostt factors associated with maturation of the immune system, as was recently suggested by 

reportss of an association between pubertal development in boys and girls and resistance to 

P.P. falciparum (KURTIS et aL, 2001; Leenstra, T., personal communication). As a 

consequence,, delaying the first pregnancy after adolescence may reduce the risk of malaria 

inn pregnancy and may benefit the pregnancy outcome. 

Ass was reported in previous studies, HIV infection was a strong and consistent 

determinantt of malaria in pregnancy (STEKETEE et aL, 1996c; VERHOEFF et aL, 1999). 
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HIVV seropositive young multigravidae had a twofold increased probability and young HIV-

seropositivee primigravidae had a more than a threefold increased probability of parasitemia. 

Preventionn of HIV may result in a substantial reduction of malaria in pregnancy, besides 

otherr obvious benefits. 

Thee findings that 20.1% of the women were parasitaemic in the 3"1 trimester and 

21.9%% at delivery, indicate there is still considerable transmission in an urban/periurban 

settingg in this part of Kenya. In Blantyre, an urban area in Malawi with seasonal 

transmission,, a prevalence of 40.4% was reported in the 3rd trimester over a 1-year period 

(ROGERSONN et al., 2000). A study in Kampala, Uganda, reported a prevalence of 6.7% of 

placentall  malaria (KASUMBA et al, 2000); however, the hospital in the last study served a 

middle-classs population, with a high proportion of use of antimalarials. In Maputo, a 

prevalenceprevalence of 13.4% malaria at delivery was found in urban and periurban areas 

(BERGSTROMc/a/.,, 1993). 

Withinn Kisumu itself, urban areas had a lower prevalence than surrounding 

periurbann areas, indicating differences in transmission intensity in a short geographic 

distance,, as reported from Rwanda, Cameroon and Colombia (ALLEN et al, 1991; 

ROBERTT et al, 1993; MENDEZ et al, 2000). TRAPE et al. (1992) suggested that the 

limitedd dispersion of anopheles from breeding sites in (peri)urban areas may contribute to 

thiss phenomena; because of the low and localized transmission, vector control operations or 

thee use of impregnated bed nets in a limited number of areas may have a significant impact 

onn malaria morbidity in an urban/periurban setting. This may be one of the factors 

amenablee to change to reduce urban/periurban malaria in pregnancy. 

Thee use of antimalarials in pregnancy (19.6% in the 3rd trimester) was less than 

whatt has been reported from Maputo (39.5%, BERGSTROM et al, 1993), and Kampala 

(37-43%,, KASUMBA et al, 2000), and more than reported from rural areas in Malawi 
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(10.0%% in Chikwawa district [VERHOEFF et al., 1999], 17.7% in Mangochi district, 

[STEKETEEE et al., 1996a]). 

InIn the present study, almost 70% of the women who reported the use of an 

antimalariall  in the 3rd trimester took chloroquine. The use of chloroquine or SP was not 

confirmedd with urine tests for metabolites and no information was present on number and 

timingg of dose. In this respect, the history of drug use for the two weeks preceding delivery, 

mayy provide the most reliable limited information. The use of chloroquine was a marker for 

malariaa at the time of delivery, suggesting that CQ has littl e to offer in this population for 

relieff  of parasitemia. The use of SP was protective against parasitemia at delivery, 

indicatingg that SP is a useful drug in this area. 

Olderr women had a higher reported use of antimalarials compared to younger 

women,, despite a lower frequency of malaria and a similar history of fever compared to 

youngerr women. One possible explanation could be that young pregnant women, 

particularlyy adolescent primigravidae, may be less likely to seek health care when il l and 

havee less (financial) means to purchase drugs. 

Thiss study was conducted just before the introduction of intermittent protective 

treatmentt for all pregnant women with two doses of SP as part of a national program for the 

controll  of malaria in pregnancy. Given the risk factors that we identified, delivery of 

intermittentt protective treatment to all pregnant women is important and targeting to certain 

groupss would be inappropriate. First, because the effect of age is independent of HTV-status 

andd gravidity, and age can be difficult to ascertain in most endemic areas, and second, 

becausee it is not possible to identify all HIV-seropositive women. In areas where HTV 

testingg and counselling is done in the context of prevention of vertical transmission with 

antiretrovirall  drugs, an opportunity exists to ensure delivery of intermittent protective 

15 5 



therapyy with SP to HTV-seropositive women who may benefit from more frequent doses 

thann the present recommended national policy of two doses (P ARISE et al, 1998). 

Thiss study population is a selection of the ANC population of this specific hospital. 

Onlyy pregnant women who had reached 32 weeks of pregnancy and were in good physical 

healthh were included in the study. This may have led to an underestimation of the 

prevalencee of malaria and clinical malaria, as women who were acutely il l were not 

included.. On the other  hand, women with a higher  SES were relatively under-represented 

(onlyy 1 out of 5 women reported use of electricity in the house), and these may include 

womenn who have more means to protect themselves against malaria. At delivery the 

selectionn may have been more biased towards a more urban population with a higher  SES 

andd a lower  exposure to malaria compared with the study population in the 3rd trimester. 

Thus,, care should be taken to extrapolate results from this study to the general pregnant 

populationn in Kisumu. 

Overall,, risk factors of malaria in this urban/periurban population were comparable 

too previous reports from a rurall  area in Malawi (STEKETEE et at., 1996a). Factors that wil l 

likelyy reduce malaria in pregnancy may include community malaria control measures to 

decreasee malaria transmission in the urban/periurban area, preventing HTV-infection, and 

preventingg first  pregnancy in adolescence. Once a woman is pregnant, the use of an 

efficaciouss antimalarial and/or  impregnated bed nets may be effective strategies to reduce 

thee prevalence and burden of malaria. Given the relative better  accessibility of health care 

inn the urban/periurban area, programs should focus on delivering an effective antimalarial 

strategyy to all pregnant women. 
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Tablee 1: Characteristics of the study population of pregnant women, Kisumu, June 1996-

Marchh 1999. 
Maternall  characteristics in 3™ 3rd trimester Excluded at Included at 
trimesterr group (N=5093) delivery*  delivery 

(N=2591)) (N=2502) 
Meann age, years (SD) 

Gravidity y 

Primigravidae,, % 

Secundigravidae,, % 

Gravidaee 3 or more, % 

Meann gestational age (SD) 

Meann years of education (SD) 

Loww SESc, % 

Periurbann residence, % 

Luoo ethnicity (versus other 
ethnicity),, % 
Historyy of fever last week, % 

Reportedd use of fever 
medicationn in pregnancy4, % 
Weightt < 58 kge,% 

HIV-infected,, % 

Malariaa parasitaemia, % 

GMPDD (95% CI) parasites/ul 

22.11 (4.8) 

40.9 9 

24.4 4 

34.7 7 

34.88 (2.3) 

8.22 (2.8) 

79.3 3 

21 1 

79.2 2 

21.7 7 

43.8 8 

24.1 1 

24.9 9 

20.1 1 

6488 (583 - 721) 

22.44 (4.9) 

34.9 9 

25.6 6 

39.5 5 

34.66 (2.3) 

7.99 (2.8) 

82.1 1 

28.5 5 

80.9 9 

22.6 6 

42.9 9 

26.2 2 

25.4 4 

21 1 

6899 (596-795) 

21.7(4.7)" " 

47.2b b 

23.1b b 

29.7b b 

35.00 (2.3)b 

8.55 (2.8)b 

76.5b b 

13.1b b 

77.4b b 

20.8 8 

44.6 6 

22.0b b 

24.5 5 

19.1 1 

6055 (518-707) 

SD:: standard deviation; HTV: human immunodeficiency virus; GMPD: geometric mean 

parasitee density; CI: confidence interval 

aa Excluded from the analysis because they did not deliver in the hospital (2554), or no 

malariaa smear result was available at delivery (37). 

bb P < 0.05 comparing women excluded versus included at delivery (Mest or chi-square 

test). . 

cc SES: Socio-economic status based on the absence of electricity in house. 
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Feverr medication: antipyretics or antimalarials 

ee A body weight of 58 kg is the 25 percentile in the 3rd trimester. 
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Tablee 3: Risk factors for malaria in the 3rd trimester and at delivery in multivariable 

analysis,, Kisumu, Kenya, June 1996-March 1999* 
Characteristic c Parasitaemiaa 3™ 

trimester,, women 
excludedd at delivery 

RRR (95% CI) 

Parasitemiaa 3rd 

trimester,, women 
includedd at delivery 

RRR (95% CI) 

Parasitaemiaa at 
delivery y 

RRR (95% CI) 
(maternall  peripheral 
andd placental malaria 

combined) ) 
Gravidity y 

Primigravidae e 

Secundigravidae e 

Gravidaee ^3 

Agee < 21 years 

Luoo ethnicity 

Periurbann residence 

HIVV infected 

Loww SESb 

BMM < 25 percentile0 

UseofSPd d 

1.666 (1.27-2.17)a 

1.18(0.91-1.54) ) 

reference e 

1.455 (1.16-1.83)" 

1.411 (1.09-1.83)" 

1.30(1.09-1.83)" " 

1.83(1.54-2.19)" " 

1.04(0.82-1.30) ) 

1.32(1.10-1.58)' ' 

0.322 (0.14-0.67)" 

1.23(0.91-1.67) ) 

0.88(0.65-1.20) ) 

reference e 

1.47(1.14-1.90)" " 

1.811 (1.38-2.39)" 

1.27(0.99-1.63) ) 

1.61(1.33-1.95)" " 

1.02(0.82-1.26) ) 

1.27(1.03-1.55)" " 

0.84(0.55-1.28) ) 

1.411 (1.05-1.88)" 

1.04(0.78-1.39) ) 

reference e 

1.511 (1.19-1.91)" 

1.74(1.35-2.24)" " 

1.50(1.21-1.88)" " 

1.58(1.32-1.89)' ' 

1.33(1.06-1.65)' ' 

1.14(0.94-1.39) ) 

0.44(0.18-1.06) ) 

RR:: risk ratio; 95% CI: 95% confidence interval; HIV: Human immunodeficiency virus; 

SP:: sulfadoxine-pyrimethamine. 

'P<0 .05 5 

bb SES: Socio-economic status based on the absence of electricity in house0 BM: body mass: 

23.33 kg/mm2 was the 25 percentile of maternal body mass in the 3rd trimester. 

dd In the 3rd trimester SP use was reported during pregnancy so far; SP use at delivery was 

reportedd for the two weeks preceding delivery. 
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Malari aa and human immunodeficiency virus infection as risk factors for 
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Abstract.Abstract. The role of maternal and pediatric HTV-1 infection and malaria as risk factors for 

anemiaa was determined in a birt h cohort of infants bom to mothers participatin g in a study of the 

interactionn between placental malaria and HIV infection, in Kisumu, Kenya. Between June 1996 

andd Apri l 2000,661 infants bom to 467 HTV-seropositive and 194 HIV-seronegative mothers 

weree monitored monthly from birth . At each visit a questionnaire was completed and a blood 

samplee collected for  the determination of hemoglobin, malaria, and HIV . Anemia was common 

andd rose from 13.6% at 1 month to 75% at 6 months and remained high throughout the second 

halff  of infancy. Placental malaria, infant malaria, and HIV infection of the infant were all 



associatedd with infant anemia in a multivariate model, adjusting for other co-variates found to be 

associatedd with infant anemia. HIV-infected infants with malaria parasitemia had lower mean 

hemoglobinn levels compared with HIV-uninfected infants, or HIV-infected infants without 

malaria,, suggesting that HIV-infected infants are particularly vulnerable to the adverse 

consequencess of malaria at this age. Early detection and prompt treatment of infant malaria and 

treatmentt of anemia as part of the study protocol failed to prevent most of the infants from 

becomingg anemic. The efficacy of micronutrient supplementation as a means of preventing 

anemiaa should be prospectively assessed in HIV-infected infants. 

INTRODUCTION N 

Three-quarterss of preschool children in sub-Saharan Africa suffer from anemia and the 

consequencess are considerable.1 Malaria associated anemia is a major contributor to morbidity 

andd mortality.2,3 Iron-deficiency anemia in infants has been associated with an impaired mental 

andd physical development and alteration in the immune system.4"7 Children with severe anemia 

aree at an increased risk of acquiring human immunodeficiency virus (HIV) because of the blood 

transfusionss they may need.8,9 Nutritional deficiencies (iron, folic acid, and zinc deficiency), 

infectiouss diseases (including tuberculosis, hookworm infection, malaria, and schistosomiasis) 

andd genetic red blood cell disorders (e.g. a-thallasemia, sickle cell disease) contribute to anemia 

andd interactions between causes have been described.10 

Anemiaa has been reported as the most common hematologic consequence of HTV 

infectionn in children in the western hemisphere and has been associated with HTV infection in 

developingg countries as well.11"13 Significant differences were reported in mean hematocrit 

betweenn HIV-infected and HIV-uninfected children in hospital-based, cross-sectional studies in 

Zaire.9,144 Results from longitudinal studies in Africa have been lacking. 

Duringg the past 2 decades HIV/AID S has emerged as a major problem in malaria-

endemicc areas. Malaria is a well known and important cause of anemia in infants in malaria 



endemicc areas. The prevalence of malaria increases with age in the first year of life, and is lowest 

inn the first months when the transfer of maternal antibodies before delivery and the presence of 

fetall  hemoglobin provide some protection against malaria infection, high density parasitemia and 

clinicall  malaria.15 In the second half of the first year of life however, most maternal antibodies 

andd fetal hemoglobin have disappeared, and infants are frequently reported to suffer the greatest 

burdenn of anemia and malaria.3,16,17 Littl e is known about the additional effect of malaria 

parasitemiaa in HIV-infected infants on anemia. 

Adversee 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 

weightt has been associated with an earlier depletion of iron stores in the newborn and early 

developmentt of iron-deficiency anemia.19 Studies in Malawi and Cameroon showed an 

associationn between placental malaria and anemia in infants at the age of 2 months and 6 months 

off  age respectively, and in Cameroon this was independent of low birth weight.i7,20 This finding 

needss to be confirmed and gains importance with the increased risk for HIV-seropositive 

pregnantt women to develop P. falciparum parasitemia and placental malaria, particularly in 

multigravidae.2'' ~23 

Wee assessed the effect of HIV infection and placental malaria in the mother and HIV 

infectionn and malaria in the infant on anemia in the first year of life, using longitudinal data from 

aa cohort study in an urban and periurban area in Kenya, which is endemic for both diseases. 

MATERIAL SS AND METHODS 

Studyy site, enrollment and study population. This study was conducted at the Nyanza 

Provinciall  General Hospital (NPGH) in Kisumu town. Kisumu is located on the shores of Lake 

Victoriaa in western Kenya with a population of approximately 300,000. Malaria transmission is 

perenniall  and Plasmodium falciparum accounts for 98% of the malaria cases. Chloroquine 

resistancee is widespread; 75% RII/RIII resistance of P. falciparum infections to chloroquine was 



reportedd in 1990.24 NPGH is a 400-bed government referral hospital, providing health care 

mostlyy to the low-income population in this area. 

Healthyy pregnant women visiting the prenatal clinic of the NPGH with an uncomplicated 

singletonn pregnancy of 32 weeks or more and residing in the Kisumu area were invited to 

participatee in a study of the interaction between HIV and placental malaria. After informed 

consentt was obtained, a questionnaire was completed to collect information on age, place of 

residence,, education, socioeconomic status, and medical history. Participants were counseled 

aboutt HIV-infection, and blood was obtained by finger prick for HTV-testing, hemoglobin, and a 

malariaa smear. An appointment was made for post-test counseling and all women, irrespective of 

theirr HIV-test result, were encouraged to deliver in the hospital. After delivery in the hospital, 

bloodd 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 

assessedd using a standardized modified Dubowitz scoring system.25 HIV-seropositive women 

withh and without placental malaria were invited to visit the study clinic with their newborn every 

44 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 

placentall  malaria and 110 HIV-negative women without placental malaria were enrolled over the 

coursee of the study. In addition to recruitment in the prenatal clinic, eligible women could also be 

recruitedd directly from the labor ward. For these participants, blood smear and hemoglobin result 

inn the third trimester were not available. Hemoglobin of the newborn or cord blood was not 

measuredd at delivery. Blood for CD4 and CD8 counts was obtained from the enrolled mothers at 

11 month postpartum. 

Duringg the monthly visits to the study clinic, information was collected on the health 

statuss of the infant during the past weeks using a standardized questionnaire. The infant was 

weighedd (scale measuring to the nearest 0.1 kg) and the axillary body temperature was measured 

withh 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 



positivee malaria blood smear, regardless of symptoms and parasite density, were treated with 

sulphadoxine-pyrimethaminee (SP). Hematinics (Ferrous sulphate/vitamin B complex syrup, 6 mg 

off  elemental iron/kg/day, assuming 6 mg of elemental iron in 30 mg ferrous sulphate) were 

prescribedd for infants with a hemoglobin level < 9 g/dl for 2 weeks. Caretakers were informed to 

returnn for their next dose when this dose was completed.26 Infants who did not return for their 

routinee follow-up appointments were visited at home. 

Thiss 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 

revieww boards of the Kenya Medical Research Institute, Nairobi, the Centers for Disease Control 

andd 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 

yearlyy in Kenya and CDC. Studies in 1998 and 1999 have shown the benefit of short courses of 

antiretroviralss in preventing perinatal HTV-transmission. During this review process, the Kenya 

Ministryy of Health repeatedly determined that, in the absence of national consensus and policy, 

itt was inappropriate to introduce provision of services outside of the research questions being 

addressedd (e.g., AZT for pregnant women) that were not standard of care and were not available 

too women outside of this study; IRB officials at participating institutions accepted this approach. 

Laborator yy Procedures. Blood smears were stained with Giemsa and examined under 

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

fieldss revealed no parasites. For positive smears, malaria parasites were counted against 300 

leucocytess and parasite densities were estimated using an assumed count of 8000 white blood 

cellss per microliter blood. Placental smears were counted the same way. Hemoglobin was 

measuredd using a Hemocue® machine (HemoCue AB, Angelholm, Sweden). HIV testing of 

pregnantt women in the prenatal clinic involved the use of two rapid test methods: Serostrip HIV-

1/22 (Saliva Diagnostic Systems Pte. Ltd., Singapore) and Capillus HIV-l/HIV- 2 (Cambridge 

Diagnostics,, Wicklow, Ireland). HIV-1 testing of the infants was done by a nested PCR.27 Al l the 



PCRR reactions were done in duplicate, and both negative and positive controls were included in 

eachh experiment. PCR-tests of PCR negative infants were repeated at 12-weekly intervals. For 

infantss who sero-converted the PCR was done retrospectively at monthly intervals to determine 

thee month of first positive PCR-test. CD4 and CD8 counts were determined in peripheral blood 

byy means of a standard flow cytometry protocol, with reagents obtained from Becton-Dickinson 

(Sann Jose, CA).28 

Definitions.. For infants age 24 weeks and older, anemia was defined as a hemoglobin 

concentrationn of less than 11 g/dl.29,30 Because of the physiological decline in hemoglobin 

immediatelyy 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 

beloww the mean of similarly aged infants from a reference population unexposed to malaria in 

thee USA.31 A reference value for the age of 5 months was extrapolated by taking the midpoint 

fromfrom the reference values available for the age of 4 and 6 months. Using these reference criteria, 

anemiaa at 4, 8, 12,16 and 20 weeks of age were defined as, respectively, a hemoglobin less than 

10.77 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 

aa hemoglobin between 9 and 7 g/dl and severe anemia as a hemoglobin less than 7 g/dl. 

AA woman with a negative test result on screening with Serostrip HIV-1/2 was considered 

HJV-seronegative.HJV-seronegative. When both rapid tests for HIV antibodies were positive a woman was 

consideredd HIV-seropositive. In case of inconclusive rapid tests results, a positive Western blot 

testt indicated that the woman was HIV-seropositive. The sequential rapid test algorithm was 

assessedd previously by confirmation with Western blot; the sensitivity, specificity, positive 

predictivee 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 

wass defined as HIV-1 infected if the PCR-test was positive in 2 consecutive blood samples and 

HIV-1HIV-1 uninfected if two consecutive samples were HIV-negative and the last 3-monthly blood 

samplee that was obtained was HIV-negative as well. Malaria was defined as the presence of 



asexuall  stage parasites in thick smears, independent of the presence or absence of clinical signs 

orr symptoms. An axillary temperature of 37.5 C or more at the time of visit was considered 

documenteddocumented fever. 

Ann uncomplicated pregnancy was defined as a pregnancy without evidence of multiple 

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

historyy of caesarian section, hemorrhage, or repeated miscarriages (> 2). Anemia in pregnant 

womenn was defined as a hemoglobin < 11 g/dl and severe anemia as a hemoglobin < 7 g/dl. The 

absencee of electricity in the house was used as an indicator of low socioeconomic status (SES).32 

AprematureApremature baby was defined as a baby with a gestational age less than 37 weeks as assessed by 

thee modified Dubowitz score.25 A low birth weight (LBW) baby was defined as a baby with a 

birthh weight less than 2500 grams. Smalt for gestational age (SGA) was defined as a sex-specific 

birthh weight at or below the 10th percentile weight-for-gestational age of a reference population 

inn the USA.33 Rainy season included the months April, May and June (long rains) and October 

andd November (short rains). 

Analysiss and statistical methods. For the analysis of anemia in infants, only mother-

infantt pairs with known HIV status were included. Sibling-infants (the second infant of mothers 

whoo participated with two infants [no twins] in the study) were excluded from the analysis. 

Differencess in means were compared using the Student's /-test and differences in proportions 

weree analyzed using Chi-square tests. -

Forr the analysis of the repeated measurements of hemoglobin, generalized estimating 

equationss with Poisson regression and an autoregressive correlation structure were used, to allow 

forr the correlation that exists between repeated observations over time in the same person. Time-

stationaryy and time-varying covariates of interest were included to estimate the strength of the 

associationn between risk factors and anemia over time. Each characteristic was first introduced in 

thee model to calculate a univariate risk ratio (Table 2). For the final multivariate model, maternal 

andd infant characteristics were included if an association had been reported in the literature or if 



theyy were significant in the univariate analysis, unless the use of the factor would give a 

substantiall  reduction in sample size that could distort the results (e.g. maternal hemoglobin level 

inn the third trimester, infant blood smear result at the previous monthly visit). All HTV- infected 

infantss were bom to HIV-seropositive mothers, and the effect of HIV infection of mother or 

infantt was assessed by the creation of a variable indicating either an HIV-infected infant of an 

HIV-seropositivee mother, an HIV-uninfected infant of an HIV-seropositive mother or an HIV-

uninfectedd infant of an HTV-seronegative mother. Factors were removed according to their 

multivariatee P-value (P > 0.05). Gravidity, although a biological risk factor for placental malaria, 

wass not significantly associated with infant anemia in uni-and multivariate analysis, either in a 

modell  with or without age, and no confounding was seen with placental malaria. For this reason 

itt 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 

differencee 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. 

Becausee of the interactions that were detected between age-group and the factors examined (P < 

0.055 for the interaction term), the results were presented stratified by age-group. Factors only 

significantt in one model were kept in both models to allow comparison of the risk ratio between 

thee two age groups (Table 3). 

Thee statistical programs SPSS (SPSS for Windows 9.0, SPSS Inc) and SAS (the SAS 

systemsystem for Windows, 6.12, SAS Inc) were used for analyses. For all statistical tests, a two-sided 

PP value < 0.05 was considered significant. 

RESULTS S 

Characteristicss of the study population. Between June 1996 and April 2000,1041 

infant-motherr pairs were enrolled in the study, and 661 infants (63.5%) participated in the 

analysiss (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 HTV status could not 

bee 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, 

thee HIV status was not yet known at the time of analysis. Nine sibling-infants were excluded. 

Comparedd with the 661 infants included in the analysis, the mothers of the 360 excluded infants 

weree more likely to be HIV-seropositive and married, but they were similar in other 

characteristicss (gravidity, age, Luo tribe, socio-economic status, years of education, peri-urban or 

urbann residence, low birth weight and prematurity). The proportions of boys was significantly 

higherr among the excluded infants than among the 661 infants with complete data. 

Fifty-fourr percent of the infants made visits up to 12 months of age and 57 infants (8.6%) 

diedd in the first year of life. An additional 59 infants had not finished 1 year of follow up at the 

timee of analysis. Together with the 545 infants who were alive when they left the study, they 

weree expected to make 7310 visits and 5560 visits (76.1%) were actually made. The cumulative 

prevalencee of HIV in the first year of life in infants born to HIV-seropositive mothers was 22.5% 

(1055 HIV-infected infants of 467 HIV-seropositive mothers); 80 HIV-infected infants (76.2%) 

hadd a first positive PCR test at s 3 months and 98 (93.3%) had a first positive PCR result at £ 6 

months. . 

Characteristicss of the study population are shown in Table 1. The mean age  standard 

deviationn (SD) of the mothers was 22.0  4.6 years and the mean  SD birth weight was 3161

4311 gram. The malaria blood smear result was positive in 13.6% of the visits where a smear was 

availablee (753/5543) and 370 infants (56.0% of the study population) became positive at least 

oncee 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 

parasitee density of 5000 parasites/1̂ or more was reported in 123 visits (2.2%). In 98.8% of the 

infectionss P. falciparum was reported as the only species present. A history of clinical malaria in 

thee 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). 



Hematinicss were prescribed for 216 (32.7%) infants at 6.1% of the visits; antimalarials were 

prescribedd for 428 (64.8%) infants at 16.1% of the clinic visits. 

Hemoglobinn level and prevalence of anemia. Mean hemoglobin levels were within the 

normall  range for the first 12 weeks of life (Figure 2). However, mean hemoglobin levels 

continuedd to decrease until age 32 weeks when they reached a nadir (9.9 g/dl). Anemia was 

commonn in the second half of infancy, observed in 78.6% of visits (Figure 3). Severe anemia 

wass not common and was recorded in only 59 infants (8.9%) during 79 visits (1.4%) The highest 

prevalencee of severe anemia was 3.4% at 9 months. A hemoglobin less than 5 g/dl was observed 

inn only 4 infants. 

HIV-infectedd infants had a lower mean hemoglobin throughout the first year of life than 

HIV-uninfectedd infants (Figure 2) and significantly more anemia compared with HIV-uninfected 

infantss (4 to 23 weeks: 33.6% versus 26.6%, respectively, risk ratio (RR) 1.27,95% confidence 

intervall  (CI) 1.09-1.47, and 24 to 52 weeks 88.5% versus 76.3%, RR 1.16,95% CI 1.11-1.21). 

Thee highest prevalence of anemia in HIV-infected infants was seen at 48 weeks (95.7%) and 

HIV-infectedd infants were in particular more likely to have a hemoglobin level between 7 and 

8.99 g/dl compared with HTV-uninfected infants (Figure 3). 

Riskk factors for  anemia. Maternal risk factors for anemia in infancy in the univariate 

analysiss included HIV infection, placental malaria, a hemoglobin < 7 g/dl in the 3"1 trimester and 

loww SES. Age of the mother but not gravidity was associated with anemia in infants (Table 2). 

Significantt infant risk factors included male gender, low birth weight, HIV infection and all 

characteristicss that could indicate a present or past malaria infection (e.g. a history of treatment 

forr 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 

infantss was of borderline significance (P « 0.07). Additional characteristics not associated with 

infantt anemia included: marital status, years of education of the mother, Luo tribe, employment 



off  the mother, a peri-urban (versus urban) residence, rainy season at the time of delivery, and a 

historyy of diarrhoea in the infant. 

Inn the multivariate model (Table 3) risk ratio's were higher before 24 weeks, and 

decreasedd thereafter, when anemia changed from being a rare to a common event. HIV infection 

off  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 

inn 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 

assesss the time period of maximal effect of placental malaria, models were repeated monthly up 

too 20 weeks. At age 4 weeks the adjusted risk ratio was 1.35 (95% CI 0.83-2.19), and this 

increasedd 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). 

Removall  of placental malaria from the model for 4-23 weeks decreased the strength of 

thee association between HIV-infected infants and anemia, indicating confounding or interaction; 

thee 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) 

ann interaction could not be excluded. When stratified by infant HTV status, the greatest effect of 

placentall  malaria prior to 24 weeks of life was on the prevalence of anemia in HIV-uninfected 

infantss of HTV-seronegative mothers (adjusted RR 1.42,95% CI 1.08-1.88). For HTV-uninfected 

infantss of HTV-seropositive mothers and for HIV-infected infants, placental malaria was not a 

significantt risk factor (adjusted RR1.19,95% CI 0.97-1.46 and RR 0.91,0.67-1.25, 

respectively). . 

Too assess the effect of maternal immunodeficiency in HTV-seropositive mothers in terms 

off  CD4/CD8 counts on anemia in HTV-uninfected infants, the model was repeated including only 

HIV-uninfectedd infants. A maternal CD4/CD8 ratio in HTV-seropositive mothers of less than 0.9 

wass significantly associated with anemia (RR 1.14,95% CI 1.03-1.26) in 24 to 52 weeks of life, 



butt not before 24 weeks (RR 1.15, 95% CI 0.90-1.47). 

Off  the factors that indicated past or present malaria in the infant, a history of treatment 

forr clinical malaria, parasitemia in the current visit, and a palpable spleen were consistent risk 

factorss in the first year of life, to assess a confounding effect of the use of antimalarials and 

hematinicss on the risk factors for anemia, the model was repeated with the exclusion of the first 

visitt after an antimalarial or hematinic drug was prescribed (19.1% of the visits). Risk factors 

andd risk ratios were very similar compared with the first model; however, before age 24 weeks, 

higherr risk ratios were seen for high density parasitemia (2.08, 95% CI 1.58-2.75) and 

splenomegalyy (RR 1.57,95% CI 1.26-1.96). 

Thee effect of concurrent malaria on anemia by age can be seen in figure 4, stratified by 

HIVV status of infant. HIV-infected infants without parasitemia had significantly lower 

hemoglobinn levels than HIV-uninfected infants without parasitemia but higher hemoglobin levels 

thann HIV-uninfected infants with parasitemia (linear regression > 12 weeks, comparing HIV-

uninfectedd infants with malaria with HIV-infected infants without parasitemia, P = 0.07). 

Anemiaa was particular common in HIV-infected infants with parasitemia at or after age 16 

weekss (RR of malaria for anemia in HIV-infected infants a agel6 weeks: 1.13,95% CI 1.00-

1.27)) and the hemoglobin level was significantly decreased compared to HIV-uninfected infants, 

andd HIV- infected infants without parasitemia [P < 0.01). 

DISCUSSION N 

Anemiaa was a major problem in this urban birth cohort. Anemia was rare in the first 

weekss of life, but rose from 13.6% at 4 weeks to 75% at the age of 6 months and remained high 

throughoutt the second half of infancy. Although the mean hemoglobin was slightly higher than 

thatt reported in infants from our rural study site in Asembo, the shape of the mean hemoglobin 

curvee in the first year of life was similar to that seen in Asembo.34 This included a lack of nadir 

att age 2 months, decreasing hemoglobin levels up to 8 to 10 months and littl e variation in the 



meann hemoglobin level in the second half of the first  year. A similar  age-dependent pattern was 

alsoo reported in Tanzania.35 

HTVV infection of the infant was a consistent risk factor  for  anemia throughout infancy and 

wee estimate that in the HIV-infected infants participatin g in this study, 16 to 17% of the anemia 

couldd be attributed to the presence of HIV (attributabl e fraction). As expected, malaria was a risk 

factorr  for  anemia, also in early infancy when most infants are protected from severe malaria 

throughh passively transferred maternal antibodies and the presence of fetal hemoglobin. 

Importantly ,, HIV-infected infants with malaria had lower  mean hemoglobin levels from age 16 

weekss onwards compared with HTV-uninfected infants with and without malaria, and HIV -

infectedd infants without malaria, suggesting that HIV-infected infants are particularl y vulnerable 

too the adverse consequence of malaria at this age. This is consistent with our  observation in 

pregnantt  women with HTV-infection and malaria (Ayisi JG, personal communication). 

Thiss study also showed that maternal factors play an important role in infant anemia. 

Maternall  HTV was an additional risk factor, not only directly, through mother-to-child 

transmissionn of HTV, but also indirectly , as suggested by the finding that infant anemia was 

worsee in HIV-uninfected infants when born to HTV-seropositive mothers compared with those 

bomm to HTV-seronegative mothers (borderline significant). The effect was particularl y evident in 

thee infants born to mothers with more advanced immunodeficiency (low CD4/CD8 ratios). This 

mayy be the result of different infant feeding habits by HTV-seropositive mothers or  an effect of 

healthh status of the mother  and potential mother-to child transmission of other  pathogens.36 

Placentall  malaria was a risk factor  for  early infant anemia independent of prematurit y and 

SGA.. This confirms earlier  reports from Malawi and Cameroon,17,20 but is in contrast with recent 

findingsfindings from our  rural study site near  Kisumu; however, LB W and premature infants were 

excludedd in that analysis.34 Microscopically detectable congenital malaria (cord blood) was rare 

inn this study (1.7%) and alone cannot explain the increased risk of infant anemia. The increased 

riskk with placental malaria might reflect behavioral differences (e.g. frequent travel with the 

infantt  to the rural area) or  increased environmental exposure to malaria in households (e.g. house 



constructionn and location of residence), which might be less amendable to anti-malarial 

interventionss during pregnancy. However, the observation that the association between placental 

malariaa and infant anemia is present only in the first few month of lif e and absent in the last 6 

monthss of infancy, both in the current study and in a previous study in Cameroon, may indicate a 

biologicall  association.17 Brabin and colleagues (1992) suggested that exposure of the fetus to 

malariaa antigens due to damage of the placental barrier may make the newborn more susceptible 

too immunologically mediated hemolysis or to dyserythropoiesis.37 

Thiss study has several limitations that should be considered. Firstly, estimates of the 

prevalencee of anemia are not applicable to the general infant population in Kisumu because of 

thee study design, which resulted in a relatively high proportion of HIV-seropositive women, and 

hencee HIV-infected infants, as well as relatively more women with placental malaria. However, 

thee associations between the maternal and infant factors described are likely to be valid in a 

widerr context as well. Secondly, the HIV status could not be determined in 26% of the infants 

becausee 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 HIV among these 

infantss is likely to be higher than among infants with known HIV status, as a higher proportion 

off  their mothers were HIV-seropositive, and the early infant mortality among these 26% was 

high.. Thirdly, infants who did not return for scheduled follow-up visits may have been different 

fromm successfully followed infants, e.g. they may have been more healthy so the mother was less 

motivatedd may to attend routine follow lip visits, or they may have been too sick to visit the 

studyy clinic. Furthermore, a common reason for non-attendance in this area iss travel up country 

too visit friends an relatives, or to attend funerals, potentially exposing the infants to different 

malariaa transmission patterns. 

AA Hb < 11 g/dl was used as cut-off for the definition of anemia in the second six months 

off  infancy according to WHO definitions.30 At present no suitable standard reference values are 

availablee for young infants in whom physiological hemoglobin concentrations vary importantly 

withh progressing age. The use of a separate hemoglobin standard for African and Caucasian 



personss is still under  discussion.38 A single cut-off of 11 g/dl would inevitably have resulted in 

ann 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 

infantss < age 6 months.31 The definition of anemia did not influence the relationship between 

maternall  and infant factors on infant anemia (data not shown), the primar y objective of this 

study. . 

Lastly,, the study aimed to determine the role of maternal and infant HIV and malaria on 

infantt  anemia, but did not assess other  known causes of anemia, including iron and other 

nutritiona ll  deficiencies, or  hereditary red blood cell disorders. Neither  were blood cultures 

routinelyy conducted, and we cannot define the contribution of bacterial pathogens, which are 

likelyy 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-

studyy of the etiology of infant diarrhoea (Eberhard M., unpublished data). Only 3.5% had 

evidencee of helminthic infections in their  stool in this young age group and no association with 

anemiaa was seen (data not shown). 

Becausee of their  increased vulnerabilit y to develop anemia, in particular  in the presence 

off  malaria, infants born to HIV-seropositive mothers, and particularl y if HIV-infected 

themselvess may need to be targeted with specific interventions. However, it wil l be important to 

assesss if interventions that have been proven to be beneficial in HIV-uninfected infants in 

developingg countries, e.g. iron supplementation, are beneficial in HIV-infected infants as well, 

becausee causes for  anemia and response to treatment may differ  between HIV-infected and HIV -

uninfectedd infants. The association between placental malaria and early infant anemia found in 

thiss study suggests that prevention of maternal malaria might be beneficial in preventing anemia 

inn the first 6 months of life, particularl y when combined with other  interventions that impact 

beneficiallyy on birt h 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 



infantss were regularly examined by a physician and treated free of charge for anemia, malaria 

(anyy parasitemia, regardless of symptoms) and other infectious diseases, but this apparently 

failedd to prevent most of the infants from becoming anemic. This suggests that more research is 

neededd in this high-risk population, and in particular in HIV-infected infants, to assess how 

micronutrientt supplementation combined with malaria interventions, either intermittent treatment 

withh antimalarials, regular chemoprophylaxis, or the use of impregnated bednets or other 

protectivee measures can improve hemoglobin levels and decrease anemia in a more sustainable 

manner. . 
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Tablee 1: Characteristics of mothers and infants, enrolled in the study, by participation in the 
analysiss of anemia in infants, June 1996 - April 2000, Kisumu, western Kenya (N= 661 mother-
infantt pairs)* 

Prevalencee characteristic 
MOTHER SS ü %~ 

Age e 
<< 20 years 
20-299 years 
2300 years 

Education n 
0-33 years of schooling 
4-77 years of schooling 
88 or more years of schooling 

Loww socio-economic status 

Semi-urbann (versus urban place of residence) 

Luoo tribe (versus other tribes) 

Gravidity y 
Primigravidae e 
Secundigravidae e 
Gravidaee *3 

Meann Hb 3rd trimester (g/dl) f 

Malariaa parasitemia smear 3rd trimester f 

Meann Hb at delivery, (g/dl) f 

Maternall  peripheral smear parasitemia, delivery f 

Placentall  malaria 

CD4/CD88 ratio < 0.90 t 

HIV-seropositivee mother 

INFANTS S 

Male e 

Loww birth weight 

Prematuree infant 

Smalll  for gestational age 

HIVV status mother and infant 
HIV-infectedd infant / mother HIV-seropositive 
HIV-uninfectedd infant / mother HIV-seropositive 
HIV-uninfectedd infant / mother HTV-seronegative 

212 2 
399 9 
50 0 

30 0 
166 6 
465 5 
530 0 

98 8 

552 2 

278 8 
170 0 
213 3 

126 6 

170 0 

225 5 

324 4 

467 7 

334 4 

41 1 

48 8 

72 2 

105 5 
362 2 
194 4 

32. 1 1 
60. 5 5 
7.6 6 

4.5 5 
25. 1 1 
70. 3 3 
80. 2 2 

14. 8 8 

83. 5 5 

42. 1 1 
25. 7 7 
32. 2 2 

9.3(SD±1.7 ) ) 

23 3 

10. 11 (SD ± 2.3 ) 

26. 6 6 

34. 0 0 

56. 9 9 

70. 7 7 

50. 5 5 

6.2 2 

7.3 3 

10. 9 9 

15. 9 9 
54. 8 8 
29. 3 3 

*SD:: standard deviation; Hb: hemoglobin; HIV: human immunodeficiency virus 



fHemoglobinn and malaria smear result in third trimester available for 550 women (83.2%), 

hemoglobinn and malaria peripheral smear result at delivery available for 639 women (96.7%). 

CD4CD4 and CD8 count 1 month postpartum was available for 569 women (88.1%). 



Tablee 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 

hemoglobinn result)* 

Age e 
<< 20 years 
20-299 years 
^300 years 

Loww socio-economic status 

Gravidity y 
Primigravidae e 
Secundigravidae e 
Gravidaee ^3 

Severee anemia third trimester { 

Malariaa parasitemia 3rd trimester J 

Hbb after delivery < 7 g/dl X 

Malariaa parasitemia delivery % 

Placentall  malaria 

CD4/CD88 ratio < 0.90 J 

HIV-seropositivee mother 

Number r 
off  visits 

1678 8 
3324 4 
457 7 

4401 1 

2228 8 
1338 8 
1893 3 
430 0 

1002 2 

495 5 

1394 4 

1848 8 

2792 2 

3935 5 

INFANTS:: time-independent variables 

Male e 

Loww birth weight 

Prematuree infant 

Smalll  for gestational age 

HIV-infectedd infant 

HIVV status infant and mother: 
HIV++ infant / mother HIV+ 
HIV-- infant / mother HIV+ 
HIV-infant/motherr HIV-

2763 3 

310 0 

324 4 

595 5 

822 2 

822 2 
3113 3 
1524 4 

INFANTS::  Time-dependent variables 

Malariaa parasitemia 747 7 

Number r 
with h 

anemia a 

953 3 
1730 0 
219 9 

2400 0 

1217 7 
722 2 
963 3 
258 8 

549 9 

277 7 

762 2 

1062 2 

1543 3 

2140 0 

1539 9 

190 0 

192 2 

362 2 

491 1 

491 1 
1649 9 
762 2 

515 5 

Incidence e 
densityf f 

56.8 8 
52.0 0 
47.9 9 
54.5 5 

54.6 6 
54.0 0 
50.9 9 
60.0 0 

54.8 8 

56.0 0 

54.7 7 

57.5 5 

55.3 3 

54.4 4 

55.7 7 

61.3 3 

59.3 3 

60.8 8 

59.7 7 

59.7 7 
53.0 0 
50.0 0 

68.9 9 

Riskk Ratio 
(95%% CI) 

1.16(1.01-1.35) ) 
1.08(0.94-1.25) ) 

reference e 
1.15(1.04-1.26) ) 

1.05(0.97-1.14) ) 
1.06(0.97-1.16) ) 

reference e 
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) ) 

1.111 (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 e 

1.17(1.10-1.25) ) 



Parasitee density malaria smear 
**  5000 parasites/Atl 
l-4999parasites//il l 
noo parasites detected 

Malariaa parasitemia previous visit 

Historyy of treated clinical malaria 
inn the preceding month 

Historyy of fever 

Documentedd fever (^37.5° C) 

Palpablee spleen 

Palpablee liver 

•Significantt risk ratio's printed in bold. CI: confidence interval; Hb: hemoglobin; ul: microliter; 

HIV+:: HIV-infected; HIV-: HIV-uninfected. 

ff 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%), 

hemoglobinn and malaria peripheral smear result at delivery available for 639 women (96.7%). 

CD44 and CD8 count one month postpartum were available for 562 women (85.0%). 

121 1 
623 3 

469 5 5 
626 6 

416 6 
128 4 4 

348 8 

252 2 

160 0 

103 3 
409 9 

238 0 0 
441 1 

313 3 
818 8 

248 8 

199 9 

106 6 

85. 1 1 
65. 7 7 
50. 7 7 
70. 5 5 

75. 2 2 
63. 7 7 

71. 3 3 

79 9 

66. 3 3 

1.32(1.18-1.48 ) ) 
1.1 44 (1.07-1.22 ) 

referenc e e 
1.12(1.06-1.19 ) ) 

1.29(1.20-1.38 ) ) 
1.14(1.08-1.20 ) ) 

1.2 11 (1.12-1.30 ) 

1.26(1.15-1.38 ) ) 

1.13(1.01-1.27 ) ) 



Tablee 3: Maternal and infant characteristics associated with anemia in infants in a multivariat e 
model,, Kisumu, June 1996 - Apri l 2000* 
Variable e Agee 4-23 weeks 

RR(95%CI) ) 
Agee 24-52 weeks 

RR(95%CI) ) 
Timee stationary variables mother 

Agee < 20 years 

Loww socio-economic status 

Placentall  malaria 

Timee stationary variables infants 

Male e 

SGA A 

Premature e 

HIV-statuss mother  and infant 
HIV ++ infant 
HIV -- infant of HIV + mother 
HIV -- infant of HIV - mother 

Timee varying variables infant 

Parasitee density concurrent malaria smear 
££ 5000 parasites/;ul 
l~4999parasites//il l 
noo parasites detected 

Historyy of treatment for  clinical malaria in 
thee preceding month 

Historyy of fever 

Documentedd fever  (*37.5 C) 

Palpablee spleen 

1.211 (1.04-1.40) 

1.233 (1.02-1.47) 

1.211 (1.04-1.40) 

1.200 (1.04-1.38) 

1.32(1.10-1.58) ) 

1.29(1.00-1.65) ) 

1.34(1.09-1.64) ) 
1.188 (0.99- 1.40)f 

reference e 

1.73(1.25-2.38) ) 
1.15(0.97-1.37) ) 

reference e 
1.755 (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)t t 

1.07(1.01-1.13) ) 

1.07(0.99-1.16) ) 

1.04(0.94-1.15) ) 

1.20(1.10-1.31) ) 
1.077 (0.99-1.16)f 

reference e 

1.099 (0.99-1.18)f 
1.08(1.02-1.13) ) 

reference e 
1.111 (1.06-1.17) 

1.02(0.98-1.07) ) 

1.06(0.99-1.13) ) 

1.111 (1.06-1.17) 

*CI ::  confidence interval, RR: risk ratio; HTV: human immunodeficiency virus: SGA: small 

forr  gestational age; iA\ microliter ; HTV+: HIV-infected; HTV-: HTV-uninfected. Significant 

riskrisk  ratio' s are printed in bold. 

ff  Borderline significant: P = 0.0529 for  placental malaria; P = 0.0589 for  HIV-uninfected infants 

off  HTV-seropositive mothers before 24 weeks, P = 0.0746 for  HIV-uninfected infants of HTV-

seropositivee mothers for  age 24-52 weeks; P = 0.0538 for  a parasite density a 5000 parasites/^1. 
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Summary Summary 
Aboutt 21 million women in sub-Saharan Africa are pregnant in malaria-endemic areas 

eachh year. Malaria in pregnancy is associated with maternal anemia, and low birth weight in the 
infant,, an important risk factor for infant mortality. It is estimated that 11 million women in sub-
Saharann Africa are infected with human immunodeficiency virus-1 (HIV). The work discussed in 
thiss thesis addresses some important aspects off  malaria and HIV infection in pregnancy. 

Chapterr 1: Introduction 
Chapterr 1 provides an overview of available knowledge on the interaction between 

malariaa and HIV. Although initially an interaction between HIV-infection and malaria did not 
seemm to exist, in 1996 the increased risk of malaria parasitemia in HIV-seropositive pregnant 
womenn was reported. More recent studies have shown an increased risk on asymptomatic and 
symptomaticc malaria in HIV-seropositive adults, compared to HIV-seronegative adults, and this 
riskrisk increased with decreasing CD4 count. In children, the effect of HIV on malaria is not clear. 
HIV-positivee children may be more susceptible to the consequences of malaria. In general, HIV-
seropositivee persons responded similar to antimalarial treatment as HIV-negative persons, except 
forr HIV-seropositive pregnant women for whom beneficial effects of treatment on placental 
malariaa may not be similar. The question if repeated malarial episodes increase the HIV-related 
diseasee progression remains unanswered. An in-vivo study in adults showed increased viral 
replicationn during and after a malaria attack. Malaria was not related with HIV disease 
progressionn in children; to the contrary, malaria was associated with protection. It is not clear if 
thiss was an effect of malaria per se or of malaria treatment. 

Chapterr 2: Risk factors for HIV-infection in pregnant women 
Interventionss are available that improve the course of pregnancy and birth outcome in 

HIV-seropositivee pregnant women, e.g. the use of nevirapine or zidovudine to reduce vertical 
transmissionn of HIV. If risk factors for HIV infection could be identified, this could result in 
targetingg the counseling service with limited resources to subgroups of women with higher risks. 
Wee evaluated if it was possible to identify risk factors for HIV infection among women attending 
ann antenatal clinic (ANC) and participating in a study of the interaction of malaria and HIV in 
pregnancyy in Nyanza General Provincial Hospital in Kisumu, Kenya. Overall HIV 
seroprevalencee was 26.1% (743/2844) (95% Confidence Interval (CI): 24.5-27.7). In a 
multivariatee model, five factors could be identified that were more common in HIV-seropositive 
pregnantt women; anemia (Hb < < 11 g/dl), malaria parasitemia, documented fever at the time of 
thee ANC visit, a history of treatment for vaginal discharge and a history of alcohol consumption. 
However,, the predictive capacity of a model including all five factors was poor; if the model 
wouldd be used, 50% of the HIV-negative women would have been identified as at risk of HIV 
infection,, and 25% of the HIV-positive women would not have been identified as at risk. We 
weree not able to identify a subgroup at risk of HIV infection using non-serologic information 
amongg pregnant women, indicating that in this antenatal clinic universal access to voluntary HIV 
counselingg and testing would be preferable to targeted screening. 

Chapterr 3: Malaria and HIV as risk factors for anemia in pregnant women 
Anemiaa in pregnancy is a major public health problem in sub-Saharan Africa, where the 

prevalencee can be as high as 75%. During labor, women with severe anemia are less able to 
enduree even moderate blood loss and as a consequence are at a higher risk of requiring a blood 



transfusion.. In addition, severe anemia in pregnancy is an important direct and indirect cause of 
maternall  death, and for the fetus, severe maternal anemia may result in intrauterine growth 
retardation,, stillbirth, and low birth weight. In developing countries, nutritional deficiencies, 
infectiouss diseases and congenital blood disorders contribute to anemia in pregnancy. In this 
chapterr we evaluated the prevalence of anemia in women visiting the ANC in the third trimester, 
andd assessed the contribution of malaria and HIV infection to anemia. Of the 4,608 women who 
participated,, approximately one in 5 women had malaria parasites in the blood, and almost 4 out 
off  5 women had anemia (a hemoglobin < 11 g/dl). Severe anemia (a hemoglobin < 7 g/dl) 
occurredd in 1 out of approximately 15 women. Malaria was more common in HTV-seropositive 
pregnantt women. In women pregnant for the first and second time, malaria and HIV infection 
weree important risk factors for anemia; however, only documented fever at the time of the 
antenatall  clinic visit and HIV infection were associated with severe anemia. In multigravidae 
(gravidaee *3), HIV infection was the most important determinant of anemia, and this was 
independentt of the presence of malaria parasitemia. In conclusion, HIV infection adds another 
causee to the long list of etiological factors of anemia in pregnancy in developing countries. It will 
bee important to confirm if treatment efficacious in HIV-seronegative women, is efficacious in 
HIV-seropositivee women as well. 

Chapterr 4: HIV-infection and malaria in pregnancy 
Previouss studies have described the increased prevalence of malaria in HIV-seropositive 

pregnantt women. In this chapter we studied in more detail the importance of HIV infection for 
malariaa in pregnancy. In the third trimester and at the time of delivery 5,093 and 2,502 women, 
whoo did not have clinical signs of AIDS, participated respectively. Compared to HIV-
seronegativee women, HTV-seropositive women were more likely to carry malaria parasites in the 
blood,, to have higher parasite densities, and to be febrile when parasitemic. Placental infections 
inn HTV-seropositive women were more likely to be chronic, as indicated by the presence of 
moderatee to heavy pigment depositions. The higher malaria risk among HTV-seropositive women 
wass seen in all pregnancies, but was most apparent in HTV-seropositive multigravidae, who had a 
similarr risk of malaria as HTV-seronegative primigravidae. The excess malaria attributable to 
HTVV increased from 34.6% among HTV-seropositive primigravidae, to 41.5% among HTV-
seropositivee secundigravidae, and 50.7% among HTV-seropositive women who had three or 
moree pregnancies. When adjusted by age, HTV-seropositive primigravidae had a similar risk of 
malariaa as HTV-seropositive multigravidae. This studyy showed that HTV infection has important 
implicationss for malaria in pregnant women, and that in areas with a high prevalence of HTV and 
malaria,, all pregnant women should be targeted for malaria control efforts, and not just primi-
andd secundigravidae, as proposed by the World Health Organization. A previous study in primi-
andd secundigravidae indicated that HTV-seropositive pregnant women may need more 
intermittentt treatment doses with sulfadoxine-pyrimethamine to clear placental parasitemia 
comparedd to HTV-seronegative women. This needs to be confirmed for multigravidae and for 
drugss other than sulfadoxine-pyrimethamine. Further research is necessary into effective 
treatmentt regimens for HTV-seropositive women. 

Chapterr 5: Effect of HIV-infection and malaria in pregnancy on birth outcome 
Withh the knowledge that the prevalence of malaria is higher in HTV-seropositive pregnant 

women,, we wanted to know what the consequences are for mother and infant at the time of 
delivery.. In this chapter we looked at maternal anemia and birthweights of newborns in women 



whoo were infected with both malaria and HIV, and compared the outcome in this group to the 
outcomee in women with either HTV, or malaria at delivery or none of the infections. In this 
particularr study population of 2466 live singleton deliveries, adverse outcomes were not very 
common:: low birthweight (LBW, a birthweight < 2500 grams), preterm delivery (a delivery 
beforee a gestation of 37 weeks), intrauterine growth retardation (IUGR) and maternal anaemia 
(Hbb < 8 g/dl) occurred in 4.6%, 6.7%, 9.8% andd 13.8% of deliveries respectively. Maternal HIV 
infection,, in the absence of malaria, was associated with a 99 grams (95% CI 52-145) reduction 
inn mean birthweight among all gravidae. Malaria was associated with both IUGR and preterm 
delivery,, resulting in a reduction in mean (95% CI) birthweight of 145 grams (82-209) among 
HIV-seronegativee and 206 grams (115-298) among HlV-seropositive primigravidae, but not 
amongg multigravidae. Both HIV and malaria were significant risk factors for postpartum 
maternall  anaemia and HlV-seropositive women with malaria were twice as likely to have Hb < 8 
g/dll  than HIV-seronegative women with or without malaria. In conclusion, the adverse effect of 
malariaa on birth outcome were worsened by HIV infection, particularly in primigravidae. In 
multigravidae,, dual infection mainly increased anemia at the time of delivery. It wil ll  be 
importantt to assess what interventions in HIV-seropositive women can control malaria and 
anemiaa and improve birth outcome. 

Chapterr 6: Risk factors for malaria in pregnancy in an urban/periurban population 
Withh the fast growing urbanization in sub-Saharan Africa (5-11% per year), 

urban/periurbann malaria is of increasing public health importance. We evaluated if there are 
differencess in risk factors between rural and urban areas for malaria in pregnancy. Between June 
19966 and March 1999, malaria and HIV infection were examined in 5,093 pregnant women in 
theirr third trimester, 2,502 of whom delivered in the hospital. The following groups of women 
weree more likely to carry malaria parasites in their blood in the third trimester and at delivery: 
womenn who were HTV infected, who were teenagers, who were pregnant for the first time, who 
belongedd to the Luo tribe and had a periurban residence as opposed to an urban residence. 
Womenn who reported the use of sulfadoxine-pyrimethamine in pregnancy were less likely to 
carryy malaria parasites compared to women who had used no antimalarial. The use of CQ was 
predictivee for the presence of malaria at delivery and this may be an indication of the severity of 
resistancee to CQ. Generally, risk factors in this urban/periurban area were similar to factors 
reportedd from rural areas. The use of an effective antimalarial strategy such as intermittent 
therapyy with SP or the use of an insecticide treated bednet could reduce the prevalence of malaria 
inn pregnancy. Preventing HTV infection, and delaying the first pregnancy after adolescence also 
couldd reduce malaria in pregnancy besides other obvious benefits. 

Chapterr 7: HIV infection and malaria as risk factors for anemia in infants 
Three-quarterss of preschool children in sub-Saharan Africa suffer from anemia. Malaria 

associatedd anemia is a major contributor to morbidity and mortality. Iron-deficiency anemia in 
infantss has been associated with an impaired mental and physical development and alteration in 
thee immune system. Anemia has been reported as the most common hematologic consequence of 
HIVV infection in children. The importance of maternal and pediatric HTV infection and malaria 
ass risk factors for anemia were determined in the birth cohort of infants bom to mothers 
participatingg in the study of the interaction between placental malaria and HIV infection. 
Betweenn June 1996 and April 2000,661 infants born to 467 HIV-seropositive and 194 HIV-
seronegativee mothers were monitored monthly from birth. Anemia in infants was common, and 



whereass the normal hemoglobin level in infants rises after a nadir at 2 months of age, the 
hemoglobinn level in this population continued to decrease with the nadir at approximately 32 
weekss of age. HIV-positive infants had a lower mean hemoglobin than HIV-negative infants 
fromfrom the first follow up visit onwards. HIV-negative infants of HIV-seropositive mothers 
showedd slightly decreased hemoglobin levels at the end of the first year of life compared to HIV-
negativee infants of HIV-negative mothers, and this was borderline significant. Placental malaria 
wass a risk factor for anemia mainly in the first months of life. HIV-positive infants with malaria 
parasitemiaa had lower hemoglobin levels than HIV-negative infants with or without malaria or 
HIV-positivee infants without malaria, and malaria seemed to have a relatively greater impact at 
aa younger age compared to HIV-negative infants. As part of the study, infants received 
sulfadoxine-pyrimethaminee whenever malaria parasites were detected in the blood, and iron 
supplementationn when their hemoglobin level was < 9 g/dl. However, this did not prevent most 
off  the infants from becoming or remaining anemic. The efficacy of micronutrient 
supplementationn as a means of preventing anemia should be prospectively assessed in HIV-
positivee infants. 

Conclusionss and recommendations 
Thesee studies can be considered as a start of studies into the interaction between malaria 

andd HIV. They gave answers, such as: 
•• it is not possible to identify risk factors for HTV infection in this ANC population; 
•• HIV is an important risk factor for anemia in pregnancy, independent of malaria; 
•• HIV infection changes the epidemiological pattern of malaria in pregnancy: all 

graviditiess are at risk, and not primigravidae only; 
•• dual infection with HIV and malaria in pregnancy increases adverse birth outcomes 

mainlyy in primigravidae, and increases anemia considerably in all gravidae; 
•• risk factors for malaria in pregnancy are similar in an urban/periurban setting compared 

too a rural setting. A young age, a first pregnancy, and HTV infection were associated with 
malariaa in pregnancy. Sulfadoxine-pyrimethamine provided protection during the years 
off study; 

•• anemia in infants was common in this study population despite treatment of all 
asymptomaticc malaria: HIV infected infants were more likely to be anemic and this was 
worsenedd by malaria. 

However,, new questions came up that remain unanswered and need further studies, such as: 
•• what is the best way to treat and prevent malaria and anemia in HIV-seropositive and 

HIV-seronegativee pregnant women and children?; 
•• can it be assumed that measured that are effective in HIV-seronegative pregnant women 

andd children, will also be effective in HIV-seropositive persons?; 
•• will treatment of anemia and malaria lead to improved birth outcomes in HIV-

seropositivee women? 
InIn 1999, intermittent presumptive treatment with sulfadoxine-pyrimethamine was 

introducedd in the Provincial Hospital in Kisumu for the control of malaria in pregnancy. The first 
treatmentt dose of SP (three tablets for an adult) is supposed to be given in the second trimester, 
andd the second treatment dose early in the third trimester. It will be important to monitor the 
effectivenesss to assess if the program is indeed reaching its goal. In particular for HIV-positive 
womenn it will be important to confirm if they need a different approach than HIV-negative 
women.. In the context of malaria in pregnancy, it is important to not limit studies to pregnancy 



andd delivery, but to include the post partum period, and indicators in the infant, such as anemia. 
Inn the context of immunology, HTV infection can be considered as an unfortunate natural 
experiment,, allowing us to learn more about immunity in pregnancy and immunity to malaria. 



Perr jaar worden ongeveer 21 miljoen vrouwen zwanger in Afrika ten zuiden van de 
Saharaa in gebieden waar malaria veel voorkomt. Malaria in de zwangerschap is geassocieerd met 
bloedarmoedee bij de moeder en een relatief laag geboortegewicht van het kind. Een laag 
geboortegewichtt is een belangrijke risicofaktor voor kindersterfte in het eerste levensjaar. 
Ongeveerr 11 miljoen vrouwen in dit gebied zijn geinfecteerd met het humane immunodeficientie 
viruss -1 (HIV). Dit proefschrift beschrijft enkele belangrijke aspecten betreffende malaria en 
HIVV in de zwangerschap en de gevolgen voor het kind. 

Hoofdstukk 1: Inleiding 
Hoofdstukk 1 geeft een overzicht van de huidige kennis van de interactie tussen malaria en 

HIV.. Aanvankelijk zag het er niet naar uit dat er een interactie was tussen HTV-infectie and 
malaria,, maar in 1996 werd een toegenomen risico op malaria parasitemie in HIV-seropositieve 
zwangeree vrouwen gerapporteerd. Recente studies hebben een verhoogd risico op 
asymptomatischee en symptomatische malaria in HIV-seropositieve volwassenen laten zien. Dit 
risicorisico nam toe bij een lager aantal CD4 cellen. Bij kinderen is het effect van HIV op malaria niet 
duidelijk.. HlV-positieve kinderen zouden mogelijk ontvankelijker zijn voor de gevolgen van 
malaria.. Over het algemeen reageerden HIV-seropositieve personen op dezelfde wijze als HIV-
seronegativee personen op behandeling met medicijnen tegen malaria. Dit was echter niet het 
gevall  bij HIV-seropositive zwangere vrouwen bij wie een behandeling met sulfadoxine-
pyrimethaminee minder effectief zou kunnen zijn om malaria uit de placenta te verwijderen in 
vergelijkingg met HTV-seronegative vrouwen. De vraag of herhaaldelijke episodes van malaria de 
progressiee van HIV naar AIDS zou kunnen bespoedigen blijf t vooralsnog onbeantwoord. Een in 
in-vivoo studie in volwassenen liet een verhoogde replicatie van HIV zien gedurende en na een 
malariaa aanval. Malaria was niet geassocieerd met progressie van HIV in kinderen; integendeel, 
err leek een beschermende werking vanuit te gaan. Het is niet duidelijk of dit een effect van 
malariaa op zich was of van de medicatie die gegeven werd voor malaria. 

Hoofdstakk 2: Risicofactoren voor HIV-besmetting bij zwangere vrouwen 
Dee uitkomst van de zwangerschap bij HIV-seropositieve vrouwen kan worden verbeterd 

doorr interventies met bijvoorbeeld nevirapine of zidovudine waardoor HIV transmissie van 
moederr naar kind wordt verminderd. Om HIV-seropositieve zwangere vrouwen deze interventies 
tee kunnen aanbieden is het belangrijk om de HTV-status van zwangere vrouwen tijdens de 
zwangerschapscontroless vast te stellen. Dit vergt echter counselings gesprekken met alle 
zwangeree vrouwen, terwijl de mogelijkheden van het personeel van de counseling service 
beperktt zijn. Als risico factoren voor HIV infectie kunnen worden geïdentificeerd, zou de 
counselingg kunnen worden beperkt tot de groep vrouwen met een verhoogd risico op HIV. Wij 
evalueerdenn of het mogelijk was risicofactoren voor HIV infectie vast te stellen bij vrouwen die 
voorr zwangerschaps controle kwamen en participeerden in een studie naar de interactie tussen 
malariaa en HIV in Nyanza Provincial General Hospital in Kisumu, Kenya. Van de 2844 vrouwen 
diee deelnamen waren er 743 HlV-positief (26.1%). In een multivariate analyse werden 5 factoren 
geïdentificeerdd die meer voorkwamen bij HlV-positieve zwangere vrouwen; bloedarmoede (een 
hemoglobinegehaltee minder dan 11 g/dl), de aanwezigheid van malaria parasieten in het bloed, 
koortss tijdens de zwangerschaps controle (een lichaams temperatuur van 37.5 graden °Celsius of 
meer,, axillair gemeten), een behandeling voor vaginale afscheiding in de voorgeschiedenis, en 
eenn rapportage van gebruik van alcohol. De voorspellende waarde van een model met deze vijf 
factorenn was echter matig; als dit model zou worden gebruikt, zou 50% van de HIV-



seronegatievee vrouwen ten onrechte geïdentificeerd worden als behorend tot een groep met 
verhoogdverhoogd risico op HIV besmetting, terwijl 25% van de HTV-seropositieve vrouwen ten onrechte 
niett in aanmerking zou komen voor screening. Wij waren dus niet in staat een risicogroep te 
identificerenn met informatie verkregen van zwangere vrouwen zonder het gebruik van 
bloedtesten.. Dat betekent dan ook dat in deze kliniek het nog steeds te prefereren is alle 
zwangeree vrouwen een HTV-test aan te bieden op vrijwillig e basis boven een aanbod beperkt tot 
eenn risicogroep. 

Hoofdstukk 3: Malaria en HIV als risicofactoren voor bloedarmoede in zwangere vrouwen 
Bloedarmoedee in de zwangerschap is een omvangrijk gezondheids probleem in Afrika 

zuidelijkk van de Sahara, waar in sommige gebieden 75% of meer van de zwangere vrouwen 
anemischh is. Vrouwen met ernstige bloedarmoede zijn minder bestand tegen bloedverlies tijdens 
dee bevalling, met als gevolg een verhoogd risico op bloedtransfusies. Bovendien is ernstige 
bloedarmoedee een belangrijke directe en indirecte oorzaak van matemale sterfte. Voor de foetus 
kann ernstige maternale bloedarmoede resulteren in verminderde foetale groei, intra-uteriene 
sterftee of een laag geboortegewicht. Voedingsdeficiënties, infectieziekten en aangeboren 
bloedafwijkingenn dragen bij aan bloedarmoede in de zwangerschap in ontwikkelingslanden. In 
ditt hoofdstuk beschreven wij de prevalentie van bloedarmoede bij vrouwen die voor 
zwangerschapscontrolee kwamen in het derde trimester van de zwangerschap, en bepaalden wij 
dee bijdrage van malaria en HTVinfectie aan bloedarmoede. Van de 4,608 vrouwen die 
participeerdenn had een op de vijf malariaparasieten in het bloed, en ongeveer vier op de vijf 
vrouwenn had bloedarmoede (een hemoglobinegehalte minder dan 11 g/dl). Ernstige 
bloedarmoedee (een hemoglobinegehalte minder dan 7 g/dl) kwam voor bij ongeveer 1 op de 15 
vrouwen.. Malariaparasieten waren vaker te vinden in het bloed van HTV-seropositieve vrouwen. 
Bijj  vrouwen die zwanger waren voor de eerste of tweede keer (primigravidae en 
secundigravidae)) waren malaria en HTV-infectie belangrijke risicofactoren voor bloedarmoede. 
Koortss tijdens de zwangerschapscontrole en HTV-besmetting waren de enige factoren die 
geassocieerdd waren met ernstige bloedarmoede in deze groep. In vrouwen die twee or meer 
zwangerschappenn hadden meegemaakt (multigravidae) was HIV-besmetting de belangrijkste 
factorr voor bloedarmoede. Dit was onafhankelijk van de aanwezigheid van malariaparasitemie. 
Samenvattend,, HIV-infectie voegt een oorzaak toe aan de al lange lijst van oorzaken van 
bloedarmoedee in de zwangerschap in ontwikkelingslanden. Het is belangrijk vast te stellen of 
behandelingenn voor bloedarmoede die bewezen effectief zijn bij HIV-seronegatieve vrouwen, 
ookk effectief zijn bij HlV-seropositieve vrouwen. 

Hoofdstukk 4: HIV-infectie en malaria in de zwangerschap 
Voorgaandee studies hebben de verhoogde kans op malariaparasitemie in HIV-

seropositievee vrouwen beschreven. In dit hoofdstuk bestudeerden we gedetailleerder de gevolgen 
vann HIV-besmetting voor malaria in de zwangerschap. Wij onderzochten 5,093 vrouwen in het 
derdee trimester van de zwangerschap en 2,502 van deze vrouwen bij de geboorte. Geen van deze 
vrouwenn toonde klinische kenmerken van AIDS. Vergeleken met HIV-seronegatieve vrouwen 
haddenn HlV-seropositieve vrouwen een grotere kans op de aanwezigheid van malariaparasieten 
inn het bloed, op een hogere parasietenconcentratie, en de aanwezigheid van koorts bij 
parasitemia.. Malariainfecties in de placenta bij HlV-seropositieve vrouwen waren chronischer 
vann aard, gezien de aanwezigheid van matige tot grote hoeveelheden neerslagen van pigment. 



Hett verhoogde risico bij HTV-seropositieve vrouwen werd in alle zwangerschapsgroepen gezien, 
maarr was in HTV-seropositieve multigravidae het meest prominent. Deze vrouwen hadden 
eenzelfdee risico als HTV-seronegative primigravidae. De toename van malaria die aan de co-
infectiee met HIV geweten kon worden was 34.6% in primigravidae, 41.5% in secundigravidae, 
enn 50.7% in multigravidae. Deze studie laat zien dat HTV-infectie belangrijke gevolgen heeft 
voorr malaria bij zwangere vrouwen. In gebieden waar beide infecties veel voorkomen, dienen 
allee zwangere vrouwen in aanmerking te komen voor preventie van malaria in de zwangerschap, 
enn niet alleen primi- of secundigravidae, zoals de Wereldgezondheidsorganisatie voorstelt. Een 
voorgaandee studie bij primi-en scundigravidae liet zien dat HTV-seropositieve zwangere vrouwen 
vakerr preventieve behandeling nodig hebben met sulfadoxine-pyrimethamine om de malaria uit 
dee placenta te elimineren dan HTV-seronegatieve vrouwen. Het moet nog onderzocht worden of 
ditt ook opgaat voor multigravidae en voor andere antimalaria middelen. 

Hoofdstukk 5: Effect van HTV-infectie en malaria in de zwangerschap op uitkomst van de 
bevalling g 

Mett de kennis dat de prevalentie van malaria toegenomen is bij HTV-seropositieve 
vrouwen,, wilden wij vervolgens weten wat de consequenties zijn voor moeder en kind ten tijde 
vann de bevalling. In dit hoofdstuk bestudeerden we geboortegewicht en matemale bloedarmoede 
bijj  vrouwen die geïnfecteerd waren met zowel malaria als HTV. We vergeleken deze resultaten 
mett de resultaten van vrouwen die of alleen met HTV geïnfecteerd waren, of malaria in de 
placentaplacenta hadden of geen van de twee hadden. De onderzochte populatie, met 2,466 levend 
geborenn eenlingen, had over het algemeen een goede uitkomst bij de bevalling: een laag 
geboortegewichtt (een geboorte gewicht < 2500 gram), een vroeg geboorte (een geboorte voor de 
termijnn van 37 weken), een intra-uteriene groeiachterstand, en matemale bloedarmoede (een 
hemoglobinee gehalte minder dan 8 g/dl) kwamen voor in respectievelijk 4.6%, 6.7%, 9,8% en 
13.8%% van de bevallingen. Matemale HTV-besmetting, bij afwezigheid van malaria, was 
geassocieerdd met een reductie van 99 (95% confidence interval [Cl] 52-145) gram van het 
gemiddeldee geboorte gewicht van alle zwangerschapsgroepen. Malaria was geassocieerd met 
zowell  intra-uteriene groeiachterstand als vroeggeboorte, en resulteerde in een reductie van het 
gemiddeldee geboortegewicht van 145 (82-209) gram bij HTV-seronegatieve en 206 (115-298) 
gramm bij HTV-seropositieve primigravidae, maar niet bij multigravidae. Zowel HTV als malaria 
warenn significante risicofactoren voor matemale bloedarmoede postpartum. HTV-seropositieve 
vrouwenn hadden een twee keer zo grote kans op matemale bloedarmoede dan HTV-seronegatieve 
vrouwenn met of zonder malaria. Samenvattend, het effect van malaria op de zwangerschap wordt 
verergerdd door HTV-infectie, in het bijzonder bij primigravidae. Bij multigravidae was bij de 
aanwezigheidd van beide infecties met name de kans op bloedarmoede bij de bevalling verhoogd. 
Hett is belangrijk om vast te stellen welke interventies bij HTV-seropositieve vrouwen de malaria 
enn bloedarmoede kunnen verminderen, en de uitkomst bij de geboorte kunnen verbeteren. 

Hoofdstukk 6: Risicofactoren voor malaria in de zwangerschap in een stedelijke populatie 
Mett de snel groeiende urbanisatie in dit deel van Afrika, is malaria in steden van 

toenemendd belang voor de gezondheisdzorg. Wij evalueerden of er een verschil is in 
risicofactorenrisicofactoren tussen rurale en stedelijke gebieden voor malaria in de zwangerschap. Tussen juni 
19966 en maart 1999 werden 5,093 vrouwen in het derde trimester van de zwangerschap 
onderzochtt op malaria en HIV; 2,502 van hen bevielen in het ziekenhuis. Bij de volgende 
groepenn vrouwen was de kans malaria parasieten in het bloed te vinden verhoogd: HIV-



seropositivee vrouwen, vrouwen jonger dan 20 jaar, primigravidae, vrouwen die tot de Luo stam 
behoorden,, en vrouwen die een woning in de buitenwijken hadden in vergelijking met het 
centrumm van de stad. Vrouwen die het gebruik van sulfadoxine-pyrimethamine tijdens de 
zwangerschapp rapporteerden hadden een minder grote kans op parasitemie dan vrouwen die geen 
malariamiddelenn hadden gebruikt. Het gebruik van chloroquine gedurende de laatste twee weken 
voorr de bevalling was voorspellend voor de aanwezigheid van malaria in de placenta of in 
matemaall  bloed bij de bevalling. Dit kan worden opgevat als een indicatie van de ernst van de 
chloroquinee resistentie in dit gebied. Over het algemeen waren risicofactoren in dit stedelijk 
gebiedd vergelijkbaar met wat gerapporteerd is uit rurale gebieden. Het toepassen van effectieve 
malariaa preventie (medicatie of het gebruik van klamboes) tijdens de zwangerschap zou de 
prevalentiee van malaria in de zwangerschap kunnen doen afnemen. Benevens andere voor 
zichzelff  sprekende voordelen zouden preventie van HIV-infectie van vrouwen in de 
reproductievee leeftijd, en het uitstellen van de eerste zwangerschap tot na de adolescentie ook de 
prevalentiee van malaria tijdens de zwangerschap kunnen verminderen,. 

Hoofdstukk 7: HIV-infectie en malaria als risicofactoren voor bloedarmoede in het eerste 
levensjaar r 

Inn landen zuidelijk van de Sahara lijdt drie kwart van de kinderen jonger dan 6 jaar aan 
bloedarmoede.. Malaria draagt aanzienlijk bij aan ziekte en sterfte van kinderen ten gevolge van 
bloedarmoede.. Ijzergebreksanemia is geassocieerd met een verstoorde mentale en fysieke 
ontwikkelingg en met veranderingen in het immuun systeem. Bloedarmoede is de meest 
voorkomendee hematologische aandoening ten gevolge van HIV-infectie. Het belang van HIV-
infectiee en malaria bij moeder en kind als risicofactor voor bloedarmoede in kinderen in het 
eerstee levensjaar werd bestudeerd in een cohort van kinderen van moeders die deelnamen aan 
eenn studie van de interactie tussen malaria en HIV. Tussen juni 1996 en april 2000 werden 661 
kinderenn van 467 HIV-seropositieve en 194 HTV-seronegatieve moeders maandelijks gevolgd 
vanaff  de geboorte. Bij deze kinderen kwam bloedarmoede veel voor; terwijl het normale 
hemoglobinegehaltee stijgt na een physiologisch dieptepunt rondom 8 weken, bleef in deze 
populatiee het hemoglobingehalte dalen tot een dieptepunt rondom 32 weken. HIV-positieve 
kinderenn hadden een lager gemiddeld hemoglobinegehalte dan HTV-negatieve kinderen 
gedurendee het gehele eerste jaar. HIV-negatieve kinderen van HIV-seropositieve moeders 
haddenn een gemiddeld iets lager hemoglobine niveau aan het eind van het eerste jaar dan HIV-
negatievee kinderen van HTV-seronegatieve moeders, maar dit was marginaal significant. Malaria 
inn de placenta was met name een risicofactor voor de eerste levensmaanden. HIV-positieve 
kinderenn met malaria hadden een lager hemoglobinegehalte dan HTV-negatieve kinderen met of 
zonderr malaria of HIV-positieve kinderen zonder malaria, Malaria leek een grotere impact te 
hebbenn op jongere leeftijd in HTV-positieve kinderen vergeleken met HTV-negatieve kinderen. 
Kinderenn die deel namen aan de studie ontvingen behandeling voor malaria wanneer parasieten 
inn het bloed werden ontdekt, en ijzer-suppletie wanneer het hemoglobine minder dan 9 g/dl was. 
Ditt voorkwam echter niet dat de meeste kinderen opnieuw anemisch werden of bleven. De 
effectiviteitt van micronutrient- suppletie als een middel om anemie te voorkomen zou 
prospectieff  moeten worden onderzocht in HIV-positieve kinderen. 

Conclusiess en aanbevelingen 
Dezee studies kunnen worden gezien als een start van studies naar de interactie tussen 

malariaa en HIV. Op verschillende vr»gen kon antwoord worden gegeven, zoals: 



•• het is niet mogelijk om risicofactoren voor HTV-besmetting te identificeren in deze 
studiepopulatiee van zwangere vrouwen.; 

•• HIV is een belangrijke risicofactor voor bloedarmoede in de zwangerschap, 
onafhankelijkk van malaria.; 

•• HIV infectie verandert de epidemiologie van malaria in de zwangerschap: alle zwangere 
vrouwen,, en niet alleen primigravidae, hebben verhoogd risico op malaria, vergeleken 
mett niet-zwangere vrouwen.; 

•• de aanwezigheid van HTV-infectie en malaria tegelijkertijd, vergroot de kans op een laag 
geboortegewichtt bij primigravidae, en vergroot de kans op bloedarmoede aanzienlijk bij 
allee zwangerschapsgroepen.; 

•• risicofactoren voor malaria in de zwangerschap zijn vergelijkbaar in rurale en stedelijke 
gebieden.. Een jonge leeftijd, een eerste zwangerschap en HTV-besmetting zijn 
geassocieerdd met malaria in de zwangerschap. Het gebruik van het malariamiddel 
sulfadoxine-pyrimethaminee was een beschermende factor gedurende de studiejaren.; 

•• bloedarmoede bij kinderen kwam veel voor in deze studiepopulatie, ondanks behandeling 
vann alle asymptomatische en symptomatische malaria. HTV-positieve kinderen hadden 
eenn grotere kans op bloedarmoede, en dit werd verergerd door malaria. 

Ditt onderzoek genereerde nieuwe vragen die verdere studie vereisen: 
•• wat is de beste manier om malaria en bloedarmoede te behandelen en te voorkomen bij 

HTV-seropositievee en HTV-seronegatieve zwangere vrouwen en kinderen?; 
•• kan worden aangenomen dat maatregelen die effectief zijn voor HTV-seronegatieve 

zwangeree vrouwen en kinderen, dit ook zijn voor HTV-seropositieve personen? 
•• Zal behandeling van bloedarmoede en malaria in de zwangerschap leiden tot verbeterde 

uitkomstenn bij de bevalling in HTV-seropositieve vrouwen? 

Inn 1999 werd preventieve behandeling van malaria met sulfadoxine-pyrimethamine in de 
zwangerschapp geüitroduceerd in het Provinciale ziekenhuis in Kisumu. De eerste 
behandelingsdosiss (3 tabletten voor een volwassene) dient gegeven te worden in het tweede 
trimester,, onafhankelijk van klachten of resultaten van bloedonderzoek naar malaria, en de 
tweedee dosis in het begin van het derde trimester. Het is belangrijk om te evalueren of dit 
programmaa inderdaad zijn doel bereikt. In het bijzonder voor HTV-seropositieve vrouwen zal het 
belangrijkk zijn om te bevestigen of zij een andere of intensievere behandeling voor malaria nodig 
hebbenn dan HTV-seronegatieve vrouwen. In de context van malaria in de zwangerschap is het 
belangrijkk om niet alleen studies ten tijde van de zwangerschap en de bevalling uit te voeren, 
maarr ook de postpartumperiode te includeren, en kindsfactoren zoals bloedarmoede in de eerste 
maandenn erbij te betrekken. In immunologische context kan HTV-infectie beschouwd worden als 
eenn onfortuinlijk "natuurlijk" experiment, een gelegenheid om meer te leren over immuniteit 
tegenn malaria in de zwangerschap. 
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