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Abstract 

Intermittent Preventive Treatment in pregnancy (IPTp), with sulfadoxine-

pyrimethamine (SP) is effective in reducing the adverse effects of malaria in pregnancy 

but is not currently recommended in HIV-infected women taking cotrimoxazole (CTX) 

prophylaxis. We investigated whether CTX given daily to pregnant HIV-infected women 

prevents placental parasitemia. Based on prior trials, we set a threshold of <10% 

placental malaria as an indication of adequate placental malaria prevention. Using an 

observational study design, between 2008 and 2009, we collected demographic details, 

history of CTX or SP use during pregnancy, peripheral blood smears and placental 

biopsies from 375 HIV-infected women presenting for delivery at two district hospitals in 

an area of high malaria transmission in western Kenya. The prevalence of placental 

parasitemia among women who took CTX only was 6.1% (95% confidence interval (CI) 

= 3.3-10.2%), compared to 10.2% (95% CI=3.4-22.2%) among women who took IPTp-
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SP, or 11.1 (95% CI=1.4-34.7) among those who took neither. The prevalence of 

placental parasitemia among women who received CTX early in pregnancy (< 27 weeks 

prior to delivery) was 6.9% (95% CI=3.0-13.1%) compared to 8.5% (95% CI=4.1-15.0) 

among those who began taking CTX later in pregnancy. HIV- infected women who took 

CTX had placental parasitemia prevalence below our defined threshold, supporting the 

current WHO guidelines for malaria prevention in this sub-population. 

Key words: Cotrimoxazole, prevention, placental malaria, HIV-infected, pregnant 

women, IPT-p. 
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Introduction 
Malaria in pregnancy (MIP) is an important public health problem in sub-Saharan 

Africa (SSA), affecting approximately 30 million pregnancies annually1,2and is associated 

with considerable morbidity and mortality in pregnant women and their newborns.3  A 

characteristic feature of infection with P. falciparum, the deadliest of all human malaria 

species, is sequestration, a process involving the accumulation of large numbers of 

parasitized erythrocytes in various organs, including the placenta.  P. falciparum-infected 

erythrocytes accumulate in the maternal vascular area of the placenta (the intervillous 

space) to much higher densities than in the peripheral circulation resulting in the now 

well-known pathogenesis of placental infection.4 The alteration of the placental integrity 

is thought to result in low birth weight (LBW) by interfering with the dynamics of 

materno-fetal nutrient and gas exchanges.4 LBW is an important predictor and etiology of 

infant mortality,5 which is estimated to cause 75,000-200,000 infant deaths every year in 

SSA.6 Other adverse effects associated with malaria in pregnancy include premature 

delivery, fetal loss and maternal anemia.7 

  During the past decades, HIV/AIDS has also emerged as a major public health 

problem significantly overlapping with malaria in SSA where an estimated 55% of HIV-

infected adults are women of reproductive age8. In general, among pregnant women, 

primigravid and secundigravid women are more susceptible to the risk of malaria than 

multigravidae.9 However, HIV-infection has been shown to extend the risk of MIP such 

that multigravidae carry the same risk as primigravidae10 and HIV-positive women co-

infected with malaria in pregnancy experience more frequent clinical malaria episodes, 

higher placental parasite densities, and higher prevalence of maternal anemia.10 Similarly, 

malaria has been shown to increase plasma HIV viral load in pregnant women with a 

corresponding increased risk of mother-to-child transmission of HIV.11 Thus the bi-

directional and synergistic association between malaria and HIV co-infection during 

pregnancy results in worse maternal and neonatal outcomes and has resulted in concerted 

efforts aimed at finding optimal drugs or drug combinations for prevention and treatment 

in dually-infected women.12  

The World Health Organization (WHO) and the Kenyan national guidelines 

currently recommend prompt and effective management of symptomatic malaria and use 
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of insecticide treated/long lasting nets (ITNs/LLINs) for all pregnant women in malaria 

endemic regions. For HIV-uninfected pregnant women, WHO recommends the addition 

of intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp-SP)2 given in 

treatment doses at least twice during pregnancy for the prevention of placental 

parasitemia.  However, in order to avoid adverse drug interactions due to the concomitant 

use of two sulfa drugs and based on the empirical assumption that CTX adequately 

prevents placental malaria,13,14 WHO does not recommend IPTp-SP for HIV-infected 

women taking daily cotrimoxazole (CTX)  prophylaxis. Daily CTX has been shown to 

reduce HIV-associated morbidity and mortality in HIV-infected adults and children in 

Africa15-17and is now considered a routine and critical component of HIV care.18 Besides 

preventing opportunistic infections, CTX prevents malaria in non-pregnant adults and 

prevents and treats malaria in children.17-20 However, until the recent publication of the 

study by Newman et al. in Uganda21, the effect of CTX on placental malaria had not been 

demonstrated, specifically whether CTX given once daily to pregnant HIV-infected 

women prevents placental and/or peripheral malaria parasitemia.  

We conducted an observational study to assess whether CTX prophylaxis taken 

by HIV-infected pregnant women prevents placental/peripheral malaria by measuring the 

prevalence of placental parasitemia in women who took CTX alone, IPTp-SP alone, a 

combination CTX and IPTp-SP and neither CTX nor IPTp-SP. 

 

Materials and Methods 

Study site 

 This study was conducted in two rural hospitals (Bondo and Siaya), situated in a 

region of western Kenya with perennial malaria transmission (Entomological Inoculation 

Rate  10 infectious bites per person per year)22 and a high burden of malaria and anemia 

in pregnant women; approximately 20% of women have peripheral parasitemia, 70% are 

anemic (Hb < 11g/dL) and 27% are HIV-infected at first presentation for antenatal care 

(ANC) 23, usually occurring at 27 weeks gestation.  Although a steady decline was 

reported between 1982 and 2007, malaria remains highly prevalent in this area despite 

unprecedented scale up of LLINs and the introduction of the highly efficacious 

artemisinin-based combination therapy (ACT) in 2006. Data from a community-based 
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survey conducted in 2010 showed an overall prevalence of parasitemia of 40% (43% in 

children < 5 years, 60% in children aged 5-14 years and 22% in those aged > 15 years).22 

At the time of our study, the background prevalence of placental malaria among women 

coming to deliver at Siaya district hospital was 17.2%.24 The highest incidence of malaria 

occurs after the onset of long (March through May) and short rains (October through 

December).25, 26  Plasmodium falciparum is the dominant malaria species, accounting for 

> 98% of infections.25 Since 1998, SP has been the first line treatment of uncomplicated 

malaria but was replaced by artemether-lumefantrine in 2006 when the Kenyan Ministry 

of Health adopted ACTs because of the waning SP efficacy with failure rates reaching 

56% and 37% in children and pregnant women respectively.27, 28   However a review by 

ter Kuile et al.29 showed that the 2-dose IPTp-SP regimen remained efficacious even in 

areas where SP resistance is high and SP treatment failure rates were in the magnitude of 

25% in children < 5 years at day 14 ; SP remains the only anti-malarial drug currently 

recommended as IPTp in pregnant HIV-uninfected women.  

Maternal mortality ratio in the study area is considered one of the highest in the 

country (600/100,000 live births versus the national average of 488/100,000 live births),30  

infant mortality rate is estimated at 125/1000 live births and the overall life expectancy at 

birth is 38 years (36 for men and 39 for women).30 Although ANC attendance is high and 

approximately 90% of pregnant women attend ANC at least once, the vast majority 

(80%) of women deliver at home30. Nationally, western Kenya bears the highest burden 

of both malaria and HIV and these diseases overlap significantly.  Data from a 

community-based cross-sectional survey  conducted in the study area in 2003 showed an 

overall HIV-seroprevalence of 20.5% among females and 10.2% among males and was 

highest (36.5%) in women aged 25-29 and men aged 30-34 years (41.1%).31  

The IPTp-SP strategy for malaria prevention during pregnancy was implemented 

as a policy in Kenya in 199832 and prevention of mother-to-child transmission of HIV 

(PMTCT) program, which involved universal offer of HIV testing at the ANC and 

provision of nevirapine antenatally, started in Siaya and Bondo district hospitals in 2003. 

Provision of CTX for prevention of opportunistic infections was commissioned in Siaya 

and Bondo district hospitals in 2003 and 2004 respectively. Currently, approximately 30 

pregnant HIV-infected women are initiated on daily CTX prophylaxis monthly in the 
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antenatal clinics (ANCs) at these two hospitals. Residents around Siaya and Bondo 

District Hospitals are mainly of the Luo ethnic group who earn their living through 

subsistence farming, fishing and small businesses.25  

 

Study population  

All women presenting for delivery in the two hospitals were eligible for the study if they 

were aged  15 years and able to provide written informed consent.  

 

Sample size 

Our sample size was calculated in order to estimate the prevalence of placental malaria 

within _+/ 5 percentage points with a 95% confidence interval (CI). We assumed that 

women who presented for delivery would fall into the following categories: those who 

took CTX (referred to as CTX alone), those who took no CTX, but took IPTp-SP at any 

dose (IPTp-SP alone), those who took both CTX and IPTp-SP (both CTX and IPTp- SP) 

and those who took neither. In order to address our primary objective, a priori we set a 

10% prevalence of placental malaria as the maximum acceptable threshold in women 

receiving CTX daily prophylaxis or IPTp-SP. We based this estimate on previous studies 

in Kenya and Malawi34, 35, which showed that 2-dose IPTp-SP reduced the prevalence of 

placental parasitemia to 7%. We estimated that we needed 136 women who received 

CTX during pregnancy to estimate a point prevalence of 10± 5 percentage points with 

95% confidence limits. 

 

Interviews and procedures 

Trained study staff administered consent forms to potential study participants 

when they arrived at the hospital for delivery or soon after delivery.  Those who 

consented were administered a questionnaire capturing demographic/obstetric 

information, recent drug use, folic acid supplementation and malaria protection measures. 

The ANC card was reviewed to verify use of IPTp-SP, CTX and antiretroviral (ARV) 

drugs as well as prior anti-malarial treatment. IPTp-SP and CTX use were determined by 

patient history and validated by the ANC card. For participants for whose ANC cards 

were not available (22 participants), we relied on patient history. All women were offered 
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HIV counseling and testing consistent with national guidelines, regardless of whether 

they had previously been tested at the ANC. Maternal venous blood samples were drawn 

to determine HIV status, peripheral malaria parasitemia (BS), hemoglobin concentration, 

complete blood count (CBC), CD4 cell count and viral load. Pregnancy outcomes such as 

infant birth weight and preterm birth were assessed by the study nurses. The protocol for 

this study was reviewed and approved by the Ethical Review Committee of the Kenya 

Medical Research Institute (KEMRI SSC # 1293) and the Institutional Review Board of 

the Centers for Disease Control and Prevention, Atlanta Georgia, USA (CDC IRB # 

5386) and as a public health evaluation by the Global AIDS Program and the office of the 

Global AIDS Coordinator (OGAC # KE. 07.0060). 

 

Laboratory methods 

Blood smears  

Peripheral whole blood samples were collected into Ethylenediaminetetraacetic 

acid (EDTA) tubes for blood smear preparation and other laboratory assays. Blood 

smears were stained with 10% Giemsa using standard procedures, and were examined for 

malaria parasites by two independent experienced and certified microscopists. A thick 

film was considered negative if 100 microscopic fields showed no parasites.  If positive, 

malaria parasites and white blood cells (WBC) were counted in the same fields until 

corresponding 500 WBC were also counted. Parasite densities were estimated using 

actual WBC count. Discordant results, defined as positive and negative scores or a 

difference of  50% in parasite counts between the two microscopists, were referred to a 

third independent microscopist for final evaluation. 

 

 Placenta processing and examination 

 Following delivery and placental expulsion, placentas were collected, and tissue 

samples prepared by incisision at a position slightly off the chord insertion area and away 

from the edge of the placenta, starting at the maternal side of the placenta and cutting into 

the intervillous space. These samples were obtained from three different locations in the 

placenta to optimize sensitivity of malaria diagnosis. Approximately 2.5x2.5x1.0 cm 

tissue samples which included the full thickness of the placenta from the maternal to the 
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fetal side were cut and immersed immediately in a 50 ml of 10% buffered formalin 

container pre-labeled with participant’s identification number and date. The tissues were 

stored at 2-80C until processed. Placental histological samples were embedded, sectioned 

and stained in haematoxylin and eosin (H&E) and examined for malaria parasites and 

hemozoin pigments according to standard procedures; if malaria parasites were identified 

in the intervillous space and fetal red blood cells (RBCs) in the fetal stem vessels, areas 

with more parasites were looked for. Parasitized RBCs were counted against 100 RBCs 

and percentage parasitemia estimated. As a quality control measure, 10% of the 

histopathology slides were randomly selected and examined by a second independent 

assessor. 

 

Hematological, CD4 T-Cell and viral load determination 

Maternal CD4 T-cell count and viral load were measured at the time of delivery 

using a FACSCalibar® machine (BD, NJ, USA) and Roche/Cobas Amplicor HIV-1 

monitor assay V 1.5 (Roche diagnostics, IN, USA) respectively. CBC was done using 

coulter AcT 5diffTM (Beckman coulter) and hemoglobin was measured using Hemocue® 

hemoglobin detection system (Hemocue angelholm, Sweden).  HIV testing was done by 

two parallel rapid testing methods following the Kenya Ministry of Health guidelines 

(Determine, Abbot Laboratories , Dainabot, Japan and Bioline,  Standard Dignostics, 

INC,  run in parallel and Unigold , Trinity Biotec Bray, Ireland) as a tie-breaker for 

discrepant HIV test results).  

 

Definitions 

Peripheral parasitemia was defined as the presence of asexual malaria parasites 

regardless of species in the peripheral blood. Placental parasitemia refers to malaria 

parasites detected from the placental tissue by histology.  Any anemia was defined as Hb 

< 11 grams/dL and moderate anemia defined as Hb < 8g/dL. Low birth weight (LBW) 

was defined as birth weight < 2500grams, measured immediately on the date of birth or 

within 24 hours of birth. Still birth was defined as the delivery of a dead fetus where 

death has occurred at or after 20 weeks completed gestation, as estimated by date of last 

menstrual period. Preterm delivery (PTD) was defined as the birth of a baby before 37 
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weeks of pregnancy.  As women were diagnosed as HIV-infected and initiated on CTX at 

different stages of their pregnancies depending on the timing of their first ANC visit, 

their duration of CTX exposure varied.  For this reason we further re-classified  women 

into three broad categories  as follows: 1) long duration  CTX (  27 weeks),  which refers 

to CTX initiated in the first trimester of pregnancy up to the time of delivery, 

representing adequate chemoprophylaxis for malaria prevention, potentially providing 

malaria prophylaxis throughout the second and third trimester of pregnancy, 2)   short 

duration CTX (< 27 weeks),  defined as CTX initiated during the second trimester of 

pregnancy up to the time of delivery, 3) no CTX , defined as no history of CTX receipt. 

Gestation age was estimated by the last date of menstruation. 

 

Data analysis 

The primary study outcome was the prevalence of placental parasitemia; 

peripheral parasitemia and maternal anemia were secondary outcomes, while LBW and 

PTD are presented as exploratory outcomes only. We first looked at the association 

between socio-demographic profiles (age, marital status, education level), anti-malarial 

treatment, district of residence, housing (material of walls), use of folic acid, number of 

ANC visits, ITN use, gravidity, CD4 cell counts and ARV use. We dichotomized 

education in to  8 years and > 8 years (8 years is the minimum number of years required 

to complete primary education in Kenya), age in to < 20 years and  20 years (young age 

is known to be a risk factor for malaria infection), first and second pregnancies versus 3 

or more pregnancies (gravidity is known to modulate malaria infection in areas of high 

transmission). We used a chi-square test or Fisher’s exact test as appropriate to test for an 

association between the binary responses and binary predictors and further used logistic 

regression analyses to control for confounding variables. The prevalence estimates for 

placental malaria parasitemia were calculated with 95% confidence intervals (CI). 

Unadjusted odds ratios of this outcome with binary predictors, and their exact 95% CI, 

were also estimated.  

A multivariate logistic regression model was used to predict placental parasitemia 

controlling for potential confounders, including age, use of bed nets, and markers of 

immunity (CD4 T-cell count). We used backward selection procedure, starting off with 
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all independent variables in the model and then removing one variable at a time if it did 

not reach the threshold of significance. We considered a two-sided P-value < 0.05 as the 

threshold for significance. For continuous variables such as age and number of ANC 

visits, we used t-tests to compare means. All statistical analyses were done using SAS 

software (SAS for windows version 9.1, SAS, Cary, North Carolina, USA). 

 

Results 

Screening, enrollment and participant characteristics 

From August 2008 through June 2009, we screened 1803 women who presented to Siaya 

and Bondo district hospital labor wards for delivery; 984 (55%) were HIV-negative. Of 

the remaining 819, 376 (46%) were eligible for study participation.  Of the 375 HIV-

infected women (one woman excluded from this analysis for missing data), 117 (31.2%) 

were receiving ARVs at the time of delivery. Of the 364 final study participants, 213 

(59%) reported CTX receipt only, 84 (23%) took both CTX and IPTp-SP, 49 took IPTp-

SP only and 18 (5%) reported receipt of neither drug (figure 1). We had planned to have 

at least 136 women in each of these groups, but stopped enrollment when it became clear 

that our sample size estimates would not be reached. The participant median age was 25 

years (range 15-43). Only 64 (17%) of the women were primigravidae. All women had 

attended ANC at least once during their pregnancy; the median number of ANC visits 

was 3 (range 1 - 5). At the time of delivery, ANC cards were available for 354 (94.4%) of 

the women.   

Of the 303 women who reported receipt of daily CTX (any dose), the majority, 

198 (65%) initiated CTX during their current pregnancy. Self-reported adherence varied:  

180 (59%) reportedly never missing a dose of CTX during their pregnancy after 

commencement, 87 (29%) missed 1-7 doses of CTX, and 36 (12%) missed > 7 days. Of 

the 236 (63%) women who slept under a mosquito net the prior night, 181 (77%) reported 

sleeping under an ITN. Among the women who reported IPTp-SP receipt, the majority 

(60%) took only 1 dose, while only 38% and 1.8% took two and three or more doses 

respectively. Similarly, among women who took long duration CTX and IPTp-SP, the 

vast majority (70%) took only 1 dose of IPTp-SP, while 30% took 2 doses of IPTp-SP. 
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CTX adherence (the number of days women missed taking CTX) was similar in women 

who took CTX for long and short duration (41.7%  vs. 42.9%, P=0.56).    

Figure 1: Screening and enrolment of women coming to deliver at Siaya and Bondo District 
Hospitals, Western Kenya, August 2008-June 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
  

 

Screened at the labor and delivery ward (N=1803) 

Excluded (N=1427) 
Reasons for exclusion: 
42 refused  
84 unable to give consent  
10 age < 15 years 
984 HIV-uninfected 
 
28 Placenta inadvertently discarded 
72 admitted in the ward for observation 
during pregnancy, not delivering 
187 not eligible  
18 early discharges/absconded 
2 abortions 
 

 IPTp-SP 
alone (any 
dose3) 
(N=49) 

Neither 
CTX nor 
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(N=84) 

CTX alone 
(N=213) 

Eligible HIV-infected women (n=376) 
1 missing 
histology 
results 
 
11 
uncertain 
what drug 
they took 

83



84

  

 

Prevalence of placental parasitemia and associated factors 

The prevalence of placental parasitemia in those who took CTX alone was 6.1% 

(95% CI: 3.3-10.2), in those who took IPTp-SP, 10.2% (95% CI: 3.4-22.2), in women 

who received neither drug, 11.1% (95% CI: 1.4-34.7) and in women reporting both CTX 

and IPTp-SP receipt, 15.5% (Figure 2).  As shown in Figure 1, 18 women did not receive 

any drug and only 2 had placental parasitemia giving a prevalence of 11.1% with wide 

confidence intervals. Due to the small numbers, this group is not discussed further. 

 
 

Demographic, clinical, and laboratory factors associated with placental 

parasitemia are summarized in Table 1. In univariate analysis, district of residence was 

positively associated with placental parasitemia; any ARV use was protective. In the 

multivariate analysis, district of residence and lower education level were significantly 

associated with placental parasitemia (Table 1). 
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Table 1: Characteristics of study participants and prevalence of placental malaria parasitemia (histology) in HIV
infected

women giving birth at Siaya and Bondo district hospitals, western Kenya, 2008 2009 (N=375)

*Statistically significant at p< 0.05 
+ 1 missing for anti-malarial use, and 1 for folic acid 

N (%) Prevalence of
Placental
malaria (N/ %)

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratio (95% CI)

Overall 375 36/375 (9.6)

Age
< 20 years
20 years

34 (9.1)
341 (90.9)

5 (14.7)
30 (8.8)

1.8 (0.6 5.0)
Ref

1.4 (0.4 4.5)

Marital status
Married
Not married

314 (83.7)
61(16.3)

29 (9.2)
6 (9.8)

0.9 (0.4 2.4)
Ref

0.8 (0.3 2.3)

Education
<= 8 years
> 8 years

128 (34.1)
247(65.9)

12(9.4)
23(9.3)

1.0 (0.5 2.1)
Ref

0.8 (0.3 1.8)

Used anti malarial during
pregnancy for malaria
treatment +
Yes
No

132 (35.7)
238 (64.3)

15(11.4)
19(8.0)

1.5 (0.7 3.0)
Ref

1.4 (0.7 3.0)

District of residence
Siaya
Bondo

246 (65.6)
129 (34.4)

29 (11.8)
6 (4.7)

2.7 ( 1.1 6.8)
Ref

*3.1 (1.2 8.2)

Main Wall Material
Walls made of mud
Other Materials

169 (45.1)
206 (54.9)

18 (10.7)
17(8.3)

1.3 (0.7 2.7)
Ref

1.5 (0.7 3.1)

Used folic acid +
Yes
No

260 (69.5)
114 (30.5)

28 (10.8)
7 (6.1)

1.8 (0.8 4.4)
Ref

*2.5 (1.0 6.1)

No of ANC visits
One visit
Two or more

32 (8.5)
343 (91.5)

3 (9.4)
32 (9.6)

1.0 (0.3 3.4)
Ref

1.1 (0.3 3.9)

ITN use
Used ITN
Not Used ITN

185 (49.3)
190 (50.7)

14 (7.6)
21 (11.1)

Ref
1.5 (0.7 3.2) 1.6 (0.8 3.4)

Gravidity
Gravida 1&2
Gravida 3+

157 (41.9)
218 (58.1)

17 (10.8)
18 (8.3)

1.3 (0.7 2.7)
Ref

0.9 (0.4 2.1)

CD4 Cell category
Low to advanced (<350)
Moderate to High (=>350)

134 (35.7)
241 (64.3)

11(8.2)
22(9.2)

Ref
1.2 (0.6 2.6) 1.1 (0.5 2.3)

Used ARV
Yes
No

114 (31.9)
243 (68.1)

5 (4.3)
30 (11.8)

*0.4 (0.1 0.9)
Ref

0.5 (0.2 1.2)

CTX < 27 Weeks
CTX 27 Weeks

118 (31.5)
116 (30.9)

10 (8.5)
8 (6.9)

1.3 (0.5 3.3)
Ref

0.8 (0.3 2.2)
Ref
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When examining the prevalence of placental parasitemia by duration of CTX exposure, 

the prevalence among women who took long duration CTX +IPTp-SP was 6.9%, 

compared to 8.5% in women with short duration CTX and no IPTp-SP, and 10.2% in 

those with took no CTX but who did take IPTp-SP (Figure 3). Among those who took 

both CTX and IPTp-SP, the vast majority, 71% (56/79) took short duration CTX. Thus, 

the imbalance in the duration of CTX in the group who had both CTX and IPTp-SP may 

explain the apparent high prevalence of placental parasitemia seen in this group. 

Additionally, women who took both CTX and IPTp-SP reported poorer adherence to 

CTX, with 54.8% (95% CI: 43.5%-65.7%) reporting never missing any dose during the 

current pregnancy while women who took CTX alone reported comparatively better 

adherence, 61.5% (95% CI: 54.6%-68.1%) of whom reported never missing any dose.  

 
 

Prevalence of peripheral parasitemia stratified by the intervention received at the 

ANC 

The prevalence of peripheral parasitemia was 10.4% (95% CI: 5.5-17.5) among women 

who took long duration CTX, 12.0% (95% CI: 6.7-19.3) in women who took short  
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Table 2: Characteristics of study participants and prevalence of peripheral malaria parasitemia (histology) in HIV
infected women giving birth at Siaya and Bondo district hospitals, western Kenya, 2008 2009 (N=375)

*Statistically significant 
 

N (%) Prevalence of
Peripheral
malaria (N/ %)

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratio (95% CI)

Overall 375 46/375 (12.3)

Age
< 20 years
20 years

35 (9.4)
338 (90.6)

10 (28.6)
36 (10.7)

3.4 (1.5 7.5)
Ref

*3.4 (1.2 9.4)

Marital status
Married
Not married

312 (83.7)
61 (16.4)

41 (13.1)
5 (8.2)

1.7 (0.7 4.5)
Ref 1.9 (0.7 5.6)

Education
<= 8 years
> 8 years

128 (34.3)
245 (65.7)

10 (7.8)
36 (14.7)

0.4 (0.2 1.0)
Ref

*0.3 (0.1 0.7)

Used anti malarial during
pregnancy for malaria
treatment
Yes
No

131 (35.6)
27 (11.4)

18 (13.7)
27 (11.4)

1.2 (0.7 2.3)
Ref

1.2 (0.6 2.3)

District of residence
Siaya
Bondo

246 (65.9)
127 (34.1)

38 (15.5)
8 (6.3)

*2.7(1.2 6.0)
Ref

*2.8 (1.2 6.8)

Main Wall Material
Walls made of mud
Other Materials

168 (45.04)
205 (54.96)

27 (16.1)
19 (9.3)

1.9 (1.0 3.5)
Ref

2.0 (1.0 4.1)

Used folic acid
Yes
No

258 (69.4)
114 (30.7)

34 (13.2)
12 (10.5)

1.3 (0.6 2.6)
Ref

1.8 (0.8 – 3.8 )

No of ANC visits
One visit
Two or more

32 (8.6)
341 (91.4)

2 (6.3)
44 (12.9)

0.5 (0.1 1.9)
Ref

0.5 (0.2 – 2.1)

ITN use
Used ITN
Not Used ITN

183(49.1)
190 (50.9)

21 (11.5)
25 (13.2)

Ref
1.2 (0.6 2.2) 1.1 (0.6 – 2.2)

Gravidity
Gravida 1&2
Gravida 3+

156 (41.8)
218 (58.2)

25 (16.0)
21 (9.7)

1.8 (0.9 3.3)
Ref

1.1 (0.5 2.4)

CD4 Cell category
Low to advanced (<350)
Moderate to High (=>350)

134 (37.2)
226 (62.8)

16 (11.9)
28 (12.4)

1.2 (0.5 2.0)
Ref

0.9 (0.4 1.8)

Used ARV
Yes
No

117 (31.6)
253 (58.4)

8 (6.8)
38 (15.0)

*0.5 (0.2 0.9)
Ref

0.5 (0.2 1.1)

CTX < 27 Weeks
CTX Weeks

146 (55.9)
115 (44.9)

21 (12.0)
12 (10.4)

1.2 (0.6 2.5)
Ref

0.9 (0.3 2.1)
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duration CTX and 10.7% (95% CI: 4.0-21.9) in women who took IPTp-SP alone. Young 

age (age < 20 years), education greater than 8 years, and area of residence were 

significant predictors of peripheral parasitemia in the univariate and multivariate analysis 

while ARV use was a significant predictor of low prevalence of peripheral parasitemia at 

the univariate level, but not in multivariate analysis (Table 2).   

 

Prevalence of maternal anemia at delivery  

There was high prevalence of any anemia at delivery, 65.0% (95% CI: 60.0-

69.8%) overall. The prevalence of any anemia was 53.5% (95% CI: 44.0-62.8) in women 

who took long duration CTX, 66.1% (95% CI: 56.8-74.6) in women who took short 

duration CTX and 76.8% (95% CI: 63.6-87.0) in women who took IPTp-SP alone. When 

we assessed the association between demographic/biologic factors shown in Table 1 and 

maternal anemia at delivery, only district of residence was significantly associated; 

women residing in Siaya were significantly more likely to be anemic compared to those 

in Bondo)(69.5% vs. 56.6%; OR=1.8 , 95% CI: 1.1-2.8, P=0.01). The overall prevalence 

of moderate anemia was 20.1% (95% CI: 16.1%-24.5%).  Stratified by the duration of 

CTX, prevalence of moderate anemia was 14.7% (95% CI: 8.8%-22.4%) among women 

who took long duration CTX and 16.1% (95% CI: 7.6%-28.3%) among women who took 

short duration CTX. 

 

Prevalence of low birth weight (LBW) and preterm delivery (PTD) 

The median birth weight was 3000g (ranging from 1001-4800 grams). Overall,  

12.8% of infants were categorized as LBW. The prevalence of LBW was 9.5% (95% CI: 

4.8-16.3) in children born to women who took long duration CTX, and 12.7% (95% CI: 

7.3-20.1) in children born to women who took short duration CTX and 19.6% (95% CI: 

10.2-32.4) in children born to women who took IPTp-SP and no CTX. The overall 

prevalence of PTD was 17.2% and was 16.7% (95% CI: 10.3%-24.8%) in women who 

took long duration CTX. In women who took short duration CTX the prevalence of PTD 

was 16.2% (95% CI: 10.1%-24.2%).  
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Discussion 

In this study, we evaluated the current WHO recommendation and the Kenyan 

national guidelines to rely on daily CTX prophylaxis for prevention of malaria in HIV-

infected pregnant women. Malaria prevention is especially important in this sub-group 

because it bears the greatest burden and also because HIV extends the risk of malaria in 

pregnancy from mainly primigravid and secundigravid women to women of all 

gravidities.10, 36  Our data  show that women who took CTX had comparatively lower 

prevalence of placental parasitemia; among women who took CTX, the prevalence of 

placental parasitemia  was reduced to less than 10%, the threshold we set a priori as an 

indication for adequate protection for this observational study. Recent estimates have 

shown that approximately one in four women in areas of stable malaria transmission in 

Africa have evidence of infection with malaria parasites at delivery and a review of 

eleven studies published between 1980 and 2007 showed that 26% (5-52%) had placental 

malaria7. Although the incidence of malaria has substantially declined in most areas of 

sub-Saharan Africa in recent years37 and the prevalence of placental malaria is expected 

to have decreased correspondingly, the reduction in the prevalence of placental 

parasitemia seen in women who took CTX daily prophylaxis in our study was similar to 

levels seen in previous studies of IPTp-SP. In one of the early randomized controlled 

trials, the prevalence of placental malaria was reduced to 7% in women who took 

monthly IPTp-SP regimen34. In a study conducted in Malawi in 2006, the prevalence of 

placental malaria was 7.8% in HIV-infected women who took monthly IPTp-SP 

compared to 21.5% in those who took 2-dose IPTp-SP38. In both studies, monthly dosing 

regimen was shown to be superior to the 2-dose regimen. Although WHO had 

recommended that IPTp-SP should not be given to HIV-infected women receiving CTX 

prophylaxis, there was paucity of data in support of this recommendation. However, in 

2009, a cross-sectional study comparing the prevalence of placental malaria between 

HIV-infected women who were prescribed CTX and HIV-uninfected women prescribed 

IPTp-SP conducted in an area of Uganda with high malaria transmission and high SP 

resistance seemed to validate this recommendation. The results of the study showed that 

the prevalence of placental malaria was similar in HIV-infected women on CTX and 

HIV-uninfected women on IPTp-SP (6% versus 9%)21. As in our study, the prevalence of 
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placental parasitemia in women who took CTX was similar to that of women who took 

IPTp-SP in previous studies of IPTp-SP34, 35, 38. One can argue that the prevalence of 

malaria may have declined in recent years and that much further reduction in the 

prevalence of placental malaria should be expected but IPTp-SP remains the standard of 

care and therefore the only available comparator. Although conducted in different 

settings, our study replicates the results of the Ugandan study and showed similar 

reductions in the prevalence of placental malaria.  

As suggested by some researchers55, comparing the efficacy of new interventions 

with IPTp-SP may have fundamental flaws given the waning efficacy of IPTp-SP but 

since IPTp-SP is policy, use of placebo would not be ethically acceptable. In view of 

these difficulties, an observational study remained the only viable option. A recent 

Malian study comparing the the efficacy and safety of 3-dose versus 2-dose IPTp-SP 

regimen demonstrated the superiority of the 3-dose regimen in reducing placental 

parasitemia (8% versus 16.7%) and low birth weight (6.6% versus 13.3%) or preterm 

births (3.2% versus 8.9%)40. Although the study was done in the context of highly 

seasonal malaria transmission and low SP resistance, the 3-dose regimen reduced the 

prevalence of placental parasitemia to levels similar to HIV-infected women taking CTX 

prophylaxis in our study (8% versus 6%).  

Our initial analysis by the study groups as defined in the protocol:  CTX alone, 

IPTp-SP alone, neither CTX nor IPTp-SP and both CTX and IPTp-SP, showed that 

taking CTX alone resulted in a prevalence of placental parasitemia below our defined 

threshold of <10%. However, there was the surprising finding that women who took 

combined CTX and IPTp-SP had a higher prevalence of placental parasitemia. This did 

not seem physiologically plausible, so we explored the data, re-classifying the groups 

depending on the duration of CTX  and the likelihood that the mother was on CTX during 

the last two trimesters of pregnancy, considered the most vulnerable period when 

placental malaria could be most harmful to the fetus.13 This new classification suggested 

that CTX could be protective against malaria in pregnancy, whether or not IPTp-SP is 

provided concomitantly, and that efforts should be made to identify HIV-infected women 

prior to pregnancy or early in pregnancy for timely initiation of CTX prophylaxis and 

emphasis should be placed on adherence to CTX throughout pregnancy.  
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The overall prevalence of LBW for all women regardless of the intervention 

received at the ANC fell within the ranges previously reported for most parts of Africa.54 

Our study was not powered to compare the differences in LBW across the study groups 

and confidence intervals overlapped, however, our exploratory analyses of LBW showed 

lowest prevalence in women who took CTX prophylaxis alone. Although LBW is 

influenced by many factors, malaria has been demonstrated to be an independent 

predictor accounting for approximately 35% LBW6 and the observed reduction in the 

prevalence of LBW among women who took CTX further suggests the potential 

beneficial effects of CTX.  

A recent prospective study conducted in Malawi among HIV-infected women  has 

shown that daily CTX was associated with reduced prevalence of microscopic and PCR-

detected peripheral malaria infections and anemia compared with women given IPTp-SP 

alone47. Our study provides additional data, demonstrating the impact of CTX on the 

prevalence of placental parasitemia. Data from both studies suggests a reduction in the 

prevalence of peripheral parasitemia and maternal anemia, although the findings from 

both studies were not significant for anemia.  Similar to the Malawi study, we found that 

women who took CTX for longer duration had comparatively lower prevalence of 

peripheral parasitemia, as did women with better CTX adherence, but this trend was non-

significant.  

We observed a significant reduction in the prevalence of placental and peripheral 

parasitemia in the univariate analysis among women who took ARVs compared to those 

who did not but this was not upheld in the multivariate analysis. This is surprising given 

prior results from a study in Uganda that showed the addition of ARV in HIV-infected 

people already receiving CTX prophylaxis was associated with a 64% decline in malaria 

incidence51. 

Area of residence was an important predictor of placental and peripheral 

parasitemia as well as maternal anemia both in univariate and multivariate analyses. 

Women living in Siaya were significantly more likely to have placental and peripheral 

parasitemia compared to those living in Bondo although the two districts are only 30 km 

apart. Not surprisingly, the pattern of malaria transmission has been shown to vary 

between and within communities with several studies reporting inter-village variations as 
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previously reported in rural areas of Papua New Guinea41and in Liberia42 where 

transmission is high, as well as in Pakistan43 where transmission is less intense and also 

in Mozambique44.  

Anemia secondary to malaria is a well known adverse consequence of malaria in 

pregnancy45 and is considered an important outcome indicator for malaria control during 

pregnancy46. Consistent with previous studies21 we observed a high prevalence of 

maternal anemia at delivery. Overall, any anemia was present in 65% while moderate 

anemia was present in 20% of the women, warranting implementation of multiple anemia 

prevention strategies in this subgroup of pregnant women. As in previous studies47 the 

reduction in the prevalence of maternal anemia seen in women who took CTX 

prophylaxis is another important benefit of this intervention. 

Folic acid supplementation in a high dose (5mg) has been shown to increase the 

risk of SP treatment failure  rate in children48, in non-pregnant adults49 and in pregnant 

women28 and can potentially reduce the efficacy of CTX which is also an antifolate drug 

with a similar mode of action to SP28. In our study, women who took high dose folic acid 

were significantly more likely to have placental parasitemia compared to those who did 

not. These results suggest that high dose folic acid can reduce the efficacy of CTX on the 

prevention of placental parasitemia but our interpretation of a causal relationship is 

limited by the fact that the study was not specifically designed to test this hypothesis. 

Surprisingly, use of folic acid did not have effect on the prevalence of peripheral 

parasitemia.  

Our results are important because they demonstrate the effectiveness of CTX 

under programmatic conditions and contribute to the mounting body of evidence 

suggesting that CTX prophylaxis adequately protects pregnant HIV-infected women from 

placental/peripheral parasitemia and as well as suggesting that there may be protection 

against other adverse pregnancy outcomes.   

CTX daily prophylaxis has previously been shown to prevent peripheral 

parasitemia even in areas with high levels of parasite triple and quintuple DHFR/DHPS 

mutations 50. Recently, the added benefits of CTX have been shown to extend beyond 

preventing opportunistic infections; a recent study in Zambia reported significant 

reductions in the prevalence of preterm delivery and neonatal mortality after the 
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introduction of antenatal CTX prophylaxis in HIV-infected women with low CD4 cell 

counts51.  

As with most observational studies, our study was limited by the inability to 

control for all sources of bias. The study design required us to rely on reported CTX or 

IPTp-SP use, but fortunately, as found in previous studies in this area30, concordance 

between reported CTX or IPTp-SP use and recorded prescription on ANC cards was 

high. However, we were required to rely on patient reported adherence to these 

medications where ANC cards were unavailable at the time of delivery. 

Misrepresentation is likely towards fewer missed doses, which would result in increased 

point prevalence of placental parasitemia. Furthermore, we did not measure sulfa 

metabolites to ascertain that women actually took these drugs. Due to the policy in force 

requiring pregnant HIV-infected women and HIV-uninfected women to be given CTX or 

SP respectively, sample size was lower than expected in all categories other than CTX 

alone, resulting in wide confidence intervals. Because we anticipated low numbers of 

HIV-infected women receiving IPTp-SP, since this is not policy, we did not design the 

study to compare whether daily CTX prophylaxis provides better protection against 

placental malaria than does IPTp-SP. Rather, we designed the study to assess whether 

CTX prophylaxis could results in a prevalence of placental parasitemia lower than a pre-

defined threshold. 

We primarily conducted this study to understand whether the current WHO 

recommendations and the Kenya national guidelines for malaria chemoprophylaxis 

during pregnancy are adequate. Our results validate the current WHO and Kenya 

government guidelines for malaria prevention in pregnant women, and support the 

reliance on daily CTX for malaria prevention in HIV-infected pregnant women. 

However, despite this recommendation having been part of the Kenyan national 

guidelines for five years prior to the conduct of this study, almost one-third of HIV-

infected women enrolled in this study did not receive daily CTX during their pregnancy. 

In addition, about 20% of the women received both CTX and SP contrary to the national 

and WHO guidelines. In our study area, malaria transmission remains high (40% of 

children < 5 years of age are parasitemic) despite the increased household ITN ownership 

(> 80%) in recent years22.  
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Especially in the light of our current findings, the recommendation of daily CTX during 

pregnancy for HIV-infected women should be re-emphasized together with efforts aimed 

at evaluating additional strategies to further reduce the prevalence of placental 

parasitemia in this sub-group. A study under the auspices of malaria in pregnancy 

consortium, primarily designed to evaluate alternative anti-malarial drugs for malaria 

prevention in pregnancy is ongoing53. The aim is to assess whether mefloquine (the most 

promising candidate drug) combined with CTX in the context of ITNs could further 

reduce the prevalence of placental parasitemia, peripheral parasitemia and other adverse 

birth outcomes to levels considered more acceptable.  
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