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Abstract: 

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

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

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

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

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

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

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

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

acquired HP/ perinatally. 

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

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

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

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

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

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

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

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

density PM. 

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

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

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

viral replication, and the risk of MTCT. 



Introduction 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

immunodeficiency virus infection, we examined the relationship between PM and 

MTCT. 
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Subjects and methods 

Study site 

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

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

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

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

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

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

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

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

Recruitment and follow-up 

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

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

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

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

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

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

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

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

sociodemographic, health, and obstetric factors. 

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

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

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

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

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

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

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

the Ministry of Health facilities. 

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

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

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

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

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

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

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

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

they attained 12 months of age. 

Ethical review 

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

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

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

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

the participating institutions. 

9 



Blood sampling and laboratory procedures 

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

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

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

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

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

count of 8000 white blood cells per microliter of blood. 

All blood samples for various tests were collected into EDTA anticoagulant 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Definitions 

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

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

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

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

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

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

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

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

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

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

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

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

of an international reference population [33]. 

Ascertainment of infant HIV status 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

"nontransmitters". 
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Data analysis and statistical methods 

Univariate analysis 

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

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

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

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

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

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

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

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

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

perinatal MTCT. 

Multivariate analysis 

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

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

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

associated with perinatal transmission in univariate analysis were entered into the 

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

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

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

candidate variables was then simplified with backward elimination, according to 

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

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

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

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

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

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

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

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

Carolina, USA). 

Results 

Study population 

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

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

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

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

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

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

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

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

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

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

415 (83.5%) had anemia (haemoglobin < 1 lg/dl) and 102 (19.9%) transmitted HIV to 

14 



their infants in the perinatal period. Rapid plasma reagin testing (n=446) revealed that 

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

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

respectively. 

Univariate Analysis: 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Multivariate analysis 

The characteristics significantly associated with MTCT in the univariate analysis 

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

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

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

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

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

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

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

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

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

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

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

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

interaction between VL and PM density. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Discussion 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

factors for MTCT). 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MTCT. 

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

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

chronic illness were enrolled. Although this eliminated many potential clinical 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

common, and over 16% of women reported self-treatment (typically for fever) with this 
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antimalarial during pregnancy. High-grade chloroquine resistance in this area is 

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

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

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

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

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

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

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

higher cumulative doses than women without placental malaria. 

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

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

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

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

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

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

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

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

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

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

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

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

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

have higher rates of MTCT compared to women with low density PM, but that they 

22 



require much higher viral loads to achieve this transmission. Our findings suggest that 

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

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

research in different settings. 

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

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

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

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

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

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

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

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

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

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

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

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

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

underscores the important role of exposure to maternal blood and intrapartum 

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

risk of perinatal HIV infection in this setting. 

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

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

intermittent preventive antimalarial treatment in pregnant women in malarious areas of 

23 



Africa [56]. For the majority of dually (malaria + HIV) infected women, the overall 

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

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

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

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

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

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

59]. 

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

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

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

the provision of intermittent preventive antimalarial treatment during pregnancy 

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

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

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

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

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

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

Characteristic All women n = 512* 

Maternal socio-demographic: 

Luo ethnic 

Mean age (years) ± SD 

Mean gravidity ± SD 

Primigravidae 

Completed primary education (> 8 years) 

Unemployed 

Married 

History of fever and treatment for malaria: 

History of fever previous week at screening 

History of fever a fortnight before delivery 

Treated for malaria in current pregnancy 

Auxiliary temperature >37.5 C at screening 

Laboratory: 

RPR(+) 

Hb < 11 g/dl at screening 

Hb < 8 g/dl at screening 

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

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

400 copies) 

Peripheral parasitaemia at screening 

Peripheral parasitaemia at delivery 

Placental malaria 

Delivery: 

Episiotomy and/or perineal tear 

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

Newborn: 

Mean birth weight (% LBW) 

Prematurity (< 37 weeks completed gestation) 

Maternal HIV Transmitters 

86.5% 

22.4 ± 4.4 (range 14-39) 

2.3 ± 1.4 (range 1-9) 

35.9% 

68.0%(n=510) 

74.3% 

78.4% 

23.2% (n=509) 

28.0%(n=511) 

13.4% 

2.9% (n=455) 

2.0% (n = 446) 

84.4%(n=418) 

20.6%(n=418) 

629 ±334 (4.7%) (n = 464) 

3.28 ± 0.92 (33.0%) (n = 455) 

21.9% (n = 415) 

19.7% (n-497) 

25.0% 

36.4% 

2.7 ±6.2 (15.4) 

3144 ±420 (5.5%) 

8.2% 

102 (19.9%) 

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

VARIABLE 

Viral load >10 000 
No 
Yes 

CD4+ cells < 200 
No 
Yes 

Hb < 8 g/df at screening 
No 
Yes 

3rd trimester maternal parasitaemia 
No 
Yes 

Maternal parasitaemia at delivery 
No 
Yes 

Placental malaria 
No 
Yes 

Ever been treated for tuberculosis 
No 
Yes 

Treated for vaginal discharge 
No 
Yes 

Hospitalized during current pregnancy 
No 
Yes 

History of fever 2 weeks before delivery 
No 
Yes 

Episiotomy/perineal tear 
No 
Yes 

Primi/Secundigravidae 
No 
Yes 

Low birth weight 
No 
Yes 

Prematurity 
No 
Yes 

Small for gestational age 
No 
Yes 

No. 
STUDIED 

358 
97 

442 
22 

332 
86 

324 
91 

399 
98 

384 
128 

496 
13 

477 
32 

472 
39 

368 
143 

325 
186 

190 
322 

484 
28 

468 
42 

444 
66 

No. 
INFECTED 

(%) 

50(14.0) 
40(41.2) 

74 (16.7) 
13(59.1) 

58(17.5) 
22 (25.6) 

64(19.8) 
15(16.5) 

83 (20.8) 
15(15.3) 

84 (21.9) 
18(14.1) 

98(19.8) 
4 (30.8) 

93 (19.5) 
9(28.1) 

95 (20.1) 
7(18.0) 

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

32 (22.4) 

56(17.2) 
46 (24.7) 

26(13.7) 
76 (23.6) 

91 (18.8) 
11(39.3) 

92(19.7) 
10(23.8) 

83(18.7) 
19(28.8) 

RELATIVE RISK (95% 
CONFIDENCE INTERVAL) 

1.0 
3.0(2.1-4.2) 

1.0 
3.5 (2.4-5.3) 

1.0 
1.5(1.0-2.3) 

1.0 
0.8(0.5-1.4) 

1.0 
0.7(0.4-1.2) 

1.0 
0.6(0.4-1.0) 

1.0 
1.6(0.7-3.6) 

1.0 
1.7(0.8-2.6) 

1.0 
0.9 (0.4-1.8) 

1 A 

i .v 
1.2(0.8-1.7) 

1.0 
1.4(1.0-2.0) 

1.0 
1.7(1.1-2.5) 

1.0 
2.1 (1.3-3.4) 

1.0 
1.2(0.7-2.1) 

1.0 
1.5(1.0-2.4) 

P VALUE 

<0.001 

<0.001 

0.09 

0.48 

0.22 

0.05 

0.33 

0.24 

0.74 

0.39 

0.04 

0.007 

0.008 

0.52 

0.06 

27 



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

Adjusted relative risks (RR) for perinatal HIV transmission 

All women** 

n=411 

RR (95% CI) 

Log,0 viral load 1.8(1.6-2.1) 

Episiotomy/perineal tear 1.6 (1.2-2.1) 

Low birth weight 

Gravidity <3 versus >3 

Placental malaria status: 

Negative Reference* 

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

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

P-Value 

< 0.001 

0.004 

< 0.001 

NS 

—: factor was not retained in the final model 

CI: confidence interval 

n/a: not applicable 

NS: not significant 

Placental malaria (-) 

n=309 

RR (95% CI) P- Value 

1.7(1.4-2.0) < 0.001 

-

1.9(1.1-3.2) 0.03 

1.8(1.2-2.8) 0.003 

n/a 

n/a 

n/a 

Placental malaria (+)** 

n=102 

RR (95% CI) P-Value 

3.5(2.5^.8) < 0.001 

4.8(2.3-9.7) < 0.001 

-

-

Reference 

2.0(1.1-3.9) 0.04 

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

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

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

tear remain as independent risk factors. 

tomy/perineal 

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

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

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

this interaction, but give a weighted average of the 

levels of viral load. 

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

Women with PM only 
All women Parasite density 

% Perinatal HIV 
transmission 
Geometric mean 
VL 
% Episiotomy/tear 

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

MeanHb 

Mean Birth weight 

% SGA 

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

616 ±329 
(343) 
5.5 

(343) 
2.4 ± 1.4 

(384) 
10.0± 1.8 

(347) 
3148.0±418.1 

(384) 
12.3 

(382) 

PM+ 
14.1 

(128) 
2399 
(107) 
40.6 
(128) 

668 ± 347 
(121) 
2.5 

(121) 
2.1 ±1.3 

(128) 
10.2 ±1.8 

(106) 
3130.1 ±426.8 

(128) 
14.8 

(128) 

l-9,999/|il 
11.5 

(104) 
2187 
(88) 
40.4 
(104) 

671 ±351 
(98) 
2.0 
(98) 

2.2 ±1.3 
(104) 

10.2 ± 1.8 
(88) 

3154.4 ±415.7 
(104) 
12.5 

(104) 

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

651 ±335 
(23) 
4.3 
(23) 

1.8± 1.1 
(24) 

10.4 ±2.2 
(18) 

3024.5 ± 466.4 
(24) 
25.0 
(24) 

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

**0.81 
*0.22 

**0.47 
*0.03 

**0.20 
*0.22 

**0.66 
*0.68 

**0.18 
*0.45 
**0.20 

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

density PM (> 10, 000 parasites/ul) among only women with PM. 
Number studied indicated in parentheses. 
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Table 5. Association between maternal viral load and placental malaria among 
women who did and did not transmit HIVperinatally to their infants, Kisumu, western 
Kenya, 1996- 2001 

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

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

Placental malaria 

Placental malaria (+) 

Placental malaria (-) 

P-value 

41,217 

5,402 

0.002 

1,675 

1,286 

0.26 

< 0.001 

< 0.001 

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

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

Maternal HIV viral load (Iog10) 

>= 4.54 

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

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

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

CD4 cell count* 

>=874 

'Cell count/|jl: Categories represent quintiles from those above 200 cells/nl 
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Figure 2. Perinatal HIV transmission rates by placental malaria density (n =512) 

25 
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Figures on top o f the bars refer to n u m b e r examined. 
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Figure 3a. The effect of viral load and placental malaria density on risk of perinatal HIV 
transmission, Kisumu, western Kenya 1996-2001. 

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

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

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

RR; relative risk. 
Error bars refer to 95% confidence interval. 
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