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Abstract 

Objectives: HIV-seropositive pregnant women are more susceptible to malaria than HIV-

seronegative women. We assessed whether HIV infection alters maternal and cord plasma 

malarial antibody responses and the mother-to-infant transfer of malaria antibodies. 

Methods: We determined plasma levels of maternal and cord antibodies [Immunoglobulin 

(IgG)] to recombinant malarial proteins [merozoite surface protein 1 (MSP-1 \9vj3), the 

erythrocyte binding antigen (EBA-175)], the synthetic peptides [MSP-2, MSP-3, rhoptry 

associated protein 1 (RAP-1), and the pre-erythrocytic stage, circumsporozoite protein 

(NANP)5] antigenic determinants of P. falciparum; and tetanus toxoid (TT) by ELISA among 

samples of 99 HIV-seropositive mothers, 69 of their infants, 102 HTV-seronegative mothers 

and 62 of their infants. 

Results: The prevalence of maternal antibodies to the malarial antigenic determinants ranged 

from 18% on MSP3 to 91% on EBA-175; in cord plasma it ranged from 13% to 91% 

respectively. More than 97% of maternal and cord samples had antibodies to TT. In 

multivariate analysis, HIV infection was only associated with reduced antibodies to (NANP)5 

in maternal (P=0.001) and cord plasma (P=0.001); and reduced mother-to-infant antibody 

transfer to (NANP)5 (P=0.012). This effect of HIV was independent of maternal age, 

gravidity and placental malaria. No consistent HIV-associated differences were observed for 

other antigenic determinants. 

Conclusion: An effect of HIV infection was only observed on one malarial antigenic 

determinant, suggesting that the increased susceptibility to malaria among HIV-infected 

pregnant women may not be explained on the basis of their reduced antibody response to 

malaria antigens. 

Keywords: HIV, malaria, pregnancy, immunity, antibody transfer. 
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Introduction 

Malaria in pregnancy is a major problem in sub-Saharan Africa, affecting an estimated 24 

million pregnant women, especially primigravidae.1,2 In malaria-endemic areas, Plasmodium 

falciparum parasitaemia in pregnancy is associated with maternal anaemia and reduced 

birthweight, resulting from premacure delivery and intrauterine growth retardation.3 Low 

birth weight (LBW) is the single most important risk factor for early infant morbidity and 

mortality.4 

During the past 2 decades, HIV/ADDS has emerged as a major problem in many 

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

infected.5 Worldwide, it is estimated that 40 million people are infected with HTV and Africa 

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

80% of the world's HIV-infected women.6 In some areas of sub-Saharan Africa, HIV 

infection rates as high as 25-45% have been reported among pregnant women.6"10 

Given the wide geographic overlap between HIV and malaria, the potential interaction 

between these two important infectious diseases has been the topic of previous 

investigations.7"12 Although in-vitro studies suggest that malaria may increase viral 

replication in the short term,13'15 the concern that the malaria-associated increase in viral 

replication may potentially accelerate HIV-disease progression has not been proven. '6 

However, recent case control17 and longitudinal epidemiologic studies18,19 investigating 

clinical pattern of malaria in HIV-infected persons have shown HTV infection to be associated 

with an increase in frequency of clinical malaria and parasitaemia, particularly among 

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

The earliest evidence of an interaction between malaria and HIV came from studies among 

pregnant women in sub-Saharan Africa, which showed that HIV-infected women are more 
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likely to be infected with P. falciparum, have higher parasite densities,8"10 higher rates of 

anaemia,20"22 and respond more poorly to intermittent preventive treatment with sulfadoxine-

pyramithamine than HIV uninfected women. 

The precise immunologic mechanism of this increased risk to malaria in HIV-

seropositive pregnant women remains incompletely understood. It has been shown that IFN-

y production by maternal placental (intervillous) blood mononuclear cells (IVBMC) is 

associated with protection against placental malaria,23 and we demonstrated that this response 

is impaired in HIV-positive pregnant women. A more recent study from the same 

population demonstrated that this may be due to impairment of IL-12 responses in IVBMC. 

The current investigation was undertaken to elucidate whether asymptomatic HIV-

seropositive pregnant women also demonstrate weaker plasma antibody responses to malarial 

antigenic determinants than HIV-seronegative women. In addition, we tested antibody levels 

to tetanus toxoid (TT) as a recall antigen. TT vaccination is included in the Kenya Expanded 

Programme on Immunization (KEPI), and is given to all women attending antenatal care 

(ANC) clinic. This study also evaluated the effect of maternal HIV on mother-to-infant 

transfer of malarial and TT antibodies. 

Subjects and methods 

Enrollment procedures and blood collection 

Screening procedures have been described elsewhere.26 Briefly, healthy pregnant women 

with no known underlying disease visiting the prenatal clinic service of the Nyanza 

Provincial General Hospital (NPGH) with an uncomplicated singleton pregnancy of at least 

32 weeks gestation and residing in Kisumu area were invited to participate. After informed 

consent was obtained, a questionnaire was completed to collect information on socio-
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economic status, medical, and obstetrical history. After the client received counselling about 

HIV, blood was obtained by finger prick for HIV testing. Post-test counselling, supportive 

counselling and haematinics were offered to all participating women, and women with 

symptomatic malaria were treated. 

As part of the posttest counselling for HlV-seropositive women, the risk of breast 

milk transmission was discussed. The Ministry of Health policy at the time of the study was 

to recommend continued breastfeeding. Routine use of zidovudine or nevirapine was not the 

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

in the Ministry of Health facilities. All screened women were encouraged to deliver at 

NPGH. 

At delivery, infants were weighed to the nearest one gram on an electronic balance 

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

using a modified standardized Dubowitz method.27 Newborns were classified as low birth 

weight (LBW) if they weighed <2500g and preterm delivery (PTD) was defined as any 

delivery that occurred before 37 completed weeks of gestation.28 A placental thick blood 

smear was prepared using blood collected from a deep incision on the maternal side of the 

placenta. Maternal capillary and cord blood samples were collected within 12 hours of birth 

into EDTA anticoagulant containing Vacutainer® tubes (Becton Dickinson, Oxnard, 

California, USA) for antimalarial serology. Plasma was separated from blood and aliquots 

were stored at -70°C until laboratory procedures were performed. 

The HlV-seropositive and seronegative women included in this sub-study were all 

enrolled in the larger epidemiologic study of the effect of placental malaria on mother-to-

child transmission of HIV who delivered at NPGH between April 1997 through October 

1997. Only the first 207 women (103 HIV seropositive and 104 HIV seronegative women) 
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from whom a sufficient volume of plasma was available for the several laboratory tests were 

included in this analysis. 

HIV serology, malaria parasitaemia and antibody determination 

HIV testing was done using two rapid tests: an initial Serostrip HTV-1/2 [Saliva 

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

(Cambridge Diagnostics, Wicklow, Ireland Ltd) on all samples that tested positive by 

Serostrip. Samples not reactive with the initial Serostrip HTV-1/2 test were considered 

HTV-seronegative. Samples reactive on both rapid tests were considered seropositive for 

HIV antibodies. Sequential testing of samples using both methods has been shown to 

have a high sensitivity and specificity for detection of antibodies to HIV.29 Samples with 

discordant results on the two rapid tests were further evaluated by Western blot 

(Cambridge Biotech, Rockville, MD, USA), and those reactive with Western blot were 

considered HTV-seropositive. Samples indeterminate on Western blot were excluded 

from analysis. 

At delivery, placental thick blood smears were stained with 10% Giemsa for 10 

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

considered negative if 100 microscopic fields revealed no parasites. Malaria parasites 

and leucocytes were counted in the same fields until 300 leucocytes were counted. 

Parasite densities were estimated using an assumed count of 8000 white blood cells per 

microliter of blood. 

Antibody response to 9 P. falciparum synthetic malarial antigenic determinants (8 

erythrocytic and one pre-erythrocytic stage) was tested. The erythrocytic stage antigenic 

determinants included two recombinant forms, the yeast-expressed merozoite surface Protein-
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1 (MSP-1 i9kD), corresponding to the E-KNG variant]; and the erythrocyte binding antigen 

(EBA-175), a baculovirus-expressed protein encoding the entire cysteine-rich Region II 

(amino acids 144-753) of the 3D7 strain of P. falciparum31 The peptides forms used were 

six antigenic determinants each containing 20 amino acids oequences. They included two 

antigenic determinants of the merozoite surface protein-2 (MSP-2) [(CDC code, 1254 and 

1268)], whose amino acids sequences were (ESISPSPPITTTESSKFWQC) and 

(GAGGTAGGSAGGSAGGSAGG) respectively;32 two antigenic determinants of the 

merozoite surface protein-3 (MSP-3) [CDC code 1690 (AKEASSYDYILGWEFGGGVP) 

and 1704 (TLAGLIKGNNQIDSTLKDLV)];33 and two antigenic determinants of the rhoptry 

associated protein-1 (RAP-1) [CDC code 1426 (GLKSSSPSSTKSSSPSNVKS) and 1487 

(FFKEMRIQYAKLINTRYRSH)].34 These nine malarial antigenic determinants are 

expressed by asexual blood-stage parasites during red blood cell invasion. The pre-

erythrocytic stage peptide used was the circumsporozoite protein (CSP), consisting of the five 

repeats of the amino acid sequence (NANP)j, a major protein expressed on the surface of 

sporozoites.35 

These nine antigen constructs, representing 6 malarial antigens (CSP, MSP-1, MSP-2, 

MSP-3, RAP-1, EBA-175), were chosen because studies have shown them to contain B-cell 

epitopes (determinants) that are recognized by sera of malaria-exposed individuals. , 

Antibodies to these 6 malaria antigens are thought to play an important role in inducing 

immunity to P. falciparum. Consequently, they are envisaged as leading candidates for 

inclusion in a malarial vaccine.36 The peptides were synthesized at the Centers for Disease 

Control and Prevention (CDC)-Biotechnology Core Facility in Atlanta, GA, USA, based on 

the amino acid sequence of clones of P. falciparum parasites obtained from the Asembo Bay 

area of western Kenya and were purified to greater than 95% by high performance liquid 
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chromatography. As a quality control, plasma samples were also tested for antibodies to the 

universal TT antigen (Accurate Chemical and Scientific Corp., Westbury, NY), which was 

used as a recall antigen. 

Antibodies to the malarial antigenic determinants and TT in maternal and cord plasma 

were assessed by enzyme-linked immunosorbent assay (ELISA). Briefly, 96-well flat-

bottomed Immulon-2 microtiter plates (Dynex Technologies, Chantilly, VA, USA) were 

coated with 100 |il/well of antigen at a concentration of 25 ng/ml in borate buffer solution 

(BBS) (Sigma Chemical Co., St. Louis, MO) at pH of 8.0, containing 0.005% bovine serum 

albumin (BSA), and incubated overnight at 4°C. The next day, the coating solution was 

discarded and wells washed four times with 200|il/well of BBS containing 0.05% BSA and 

0.005% Tween (BBS-BSA-T) with a 10-min incubation between the washes. Extra binding 

sites on the plate were blocked with 200 nl/well of BBS-BSA-T, containing 5.0% non-fat 

milk for 1 hr at room temperature (RT), after which the plates were washed as before with 

phosphate buffer solution (PBS) at pH=7.2. For detection of antibodies to MSP-1, the test 

plasma was diluted at 1:100 in a high salt PBS (29g/L) at pH=7.4, containing 0.05% Tween 

and 5.0% non-fat milk. For detection of antibodies to other malarial antigenic determinants 

and tetanus toxoid, the test plasma were diluted at 1:100 in PBS with 0.005% Tween and 5% 

non-fat milk. 

One hundred fj.1 of the diluted plasma was added to duplicate wells and plates 

incubated at RT for 1 hr. After incubation and washes, total IgG was assayed with 

horseradish peroxidase (HRP) goat anti-human IgG (Fisher Scientific, Pittsburgh, PA) at a 

dilution of 1:2000. Bound enzyme was detected with HRP substrate, [3,3,'5,5'-

tetramethylbenzidine (TMB) hydrogen peroxide substrate (Microwell Peroxidase Substrate 

System; Kirkegaard and Perry Laboratories, Gaithersburg, MD)]. After 10 min. the reaction 
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was stopped with 100ul/well of 1M phosphoric acid, and the resulting colour expressed as an 

optical density (OD) by an ELISA plate reader (Molecular Devices, Menlo Park, CA) set at 

an absorbance of 450 nm (A450). To minimize the plate-to-plate and day-to-day variations, all 

the test samples from different groups (i.e., samples of HIV seropositive and seronegative 

women) were run on the same plate at the time an ELISA test was done, and each plate 

contained positive (an amalgam of plasma of hyper-immune healthy adults from western 

Kenya) and negative (plasma of U.S. residents who were never exposed to malaria) control 

plasma. Four negative control plasma samples were used per test. 

Ethical clearance 

This study was approved by the institutional review boards of the Kenya Medical Research 

Institute (KEMRT), the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia 

(USA) and the Academic Medical Centre (AMC), University of Amsterdam, Amsterdam, 

The Netherlands. 

Data analysis and statistical methods 

To create a referent for the antibody levels, the mean optical density (OD) of duplicate test 

plasma was determined. If our sample had a value greater than or equal to the mean OD of 

the negative control plasma samples plus 2 standard deviations, this sample was considered to 

have a positive reaction to the antigenic determinant. The concentration of the antibody in 

the sample is considered to be proportional to the value of the OD determined by the ELISA 

test. 

Pearson's Chi square test was used to compare the proportion of positive responders 

by maternal HIV status. If antibodies to the test antigen were detected in maternal peripheral 
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and in the cord plasma, mother-to-infant antibody transfer was assumed. The logarithm of 

the antibody transfer ratio i.e., logio (maternal peripheral/cord antibody level) is used to 

quantify this transfer. 

OD levels were compared using the Wilcoxon test. A nonparametric multiple 

generalized linear model was used to assess for confounding and effect modification, and 

compute adjusted mean rank scores of OD values with their 95% confidence interval (CI). 

No evidence of effect modification for HIV and gravidity or HIV and age was found. All 

statistical analyses were performed using SAS (Version 8.0, SAS Institute, Cary, North 

Carolina, USA). 

Results 

Overall, 1135 women delivered between April 1997 and through October 1997. Of these, 28 

women had no HIV-result and 20 had no placental malaria results respectively, and were 

excluded from the analysis. HIV seroprevalence among the remaining women was 27.1% 

(295/1087); 17.7% (192/1087) of those had placental malaria. HTV-seropositive women were 

more likely to have placental malaria when compared with HIV seronegative women 25.1% 

(74/295) versus 14.9% (118/792) [risk ratio (RR), 1.7; 95% confidence interval (CI), 1.3-2.2; 

P < 0.001]. Of the 1087 women with known HTV-status and placental malaria results, the 

first 207 (103 HIV-seropositive and 104 HIV-seronegative) women with sufficient plasma 

volume for assessment of the several malarial antigenic determinants were selected. On six 

of these 207 women (2.9%), the malarial serology results were incomplete (4 HIV-

seropositive and 2 HIV-seronegative); they were thus excluded from further analysis. The 

remaining 99 HIV-seropositive and 102 HIV-seronegative women with malarial antibody 

results available were included in the final analysis. Their descriptive characteristics are 
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shown in Table 1. Compared with HIV seronegative women, HIV seropositive women were 

less likely to be primigravidae, more likely to be older or give birth to infants of a higher 

gestational age, and more likely to have placental parasitemia of low density (Table 1). 

Regardless of the HIV status, most maternal and cord blood samples had antibodies to 

most antigenic determinants tested, except for antibodies to the synthetic peptide MSP3 

(1704) and RAP1 antigenic determinants, where the prevalence was less than 50% (Figure 1). 

As expected, antibodies to the universal TT recall antigen were detected in most of the 

maternal and cord plasma samples (> 97%). 

Maternal antibody response 

Maternal HIV infection was associated with significantly reduced maternal malarial antibody 

responses to MSP2 (1268) and (NANP)S both by prevalence of the response (Figure 2a) and 

concentration of antibodies (Table 2). Reduced antibody concentrations were also observed 

to MSP2 (1254) and TT. Apart from a significant raise in the prevalence of anti-MSP3 

(1704) (Figure 2a), the prevalence and concentration of maternal antibody to the other 

antigens were similar among HIV-seropositive and HIV-seronegative women (Figure 2a and 

Table 2). 

Cord antibody response 

Maternal HIV infection was associated with significantly lower cord antibody levels to 

(NANP)5, but not to MSP2 (1268) and (1254) (Figure 2b and Table 2). By contrast, antibody 

levels to MSP-1 and EBA-175 were higher in cord blood from children bom to HIV 

seropositive mothers. 
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Mother-to-infant antibody transfer 

The mean maternal/cord antibody ratios are shown in Table 3. Maternal HIV seropositivity 

was associated with a significant reduction of mother-to-infant transfer of antibodies to MSP3 

(1690) and (NANP)s. No HIV-associated effect difference was observed for the other 

antigenic determinants (Table 3). 

Multivariable analysis 

In a nonparametric multiple generalized linear model that adjusted for maternal age and 

gravidity, HIV infection was independently associated with reduced maternal antibody levels 

to (NANP)s and TT (Table 4A), and cord antibody levels to RAP1 (1426) and (NANP)5 

(Table 4B). In addition, HIV infection was also associated with a reduced mother-to-infant 

transfer of maternal antibodies to (NANP)5. By contrast, maternal HIV infection was 

associated with raised maternal and cord antibody levels to EBA-175 determinant (Table 4C). 

No effect was seen with any of the other antigenic determinants. 

Discussion 

We evaluated the effect of maternal HIV infection on maternal and cord antibody response to 

nine malarial antigenic determinants and TT at delivery, among pregnant women living in a 

holoendemic area for malaria. Our study showed a high prevalence of maternal total IgG to 

various malarial antigenic determinants and TT. This indicates that previous exposure to 

malaria infection in this area of western Kenya with high transmission pressure37,38 results in 

appreciable high antibody responses to malaria, and consistent with findings elsewhere, the 
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prevalence of antibodies in the cord blood mirrored that of maternal blood, although the cord 

blood concentrations were consistently lower than the maternal levels. 

This study showed that maternal HIV infection affected maternal and cord antibodies' 

responses to TT and two of the malarial antigens tested. Of the nine malarial antigens tested, 

the prevalence of maternal antibodies to MSP2 (1268) and maternal and cord antibodies to 

(NANP)s was significantly lower among HIV seropositive women, with impaired mother-to-

infant transfer of maternal antibodies to this same malarial antigen. The converse was true 

for maternal and cord antibody levels to EBA-175 determinant, and these effects were 

independent of gravidity and maternal age. Even though a reduction in antibody transfer was 

observed on antibodies to MSP3 (1690), this effect was not statistically significant in the 

multivariable analysis. No effect of maternal HIV status and maternal/cord transfer of 

antibodies was observed with any of the other seven malarial antigens. In addition, the 

prevalence and concentration of maternal and cord antibodies to MSP3 (1704) were very low, 

suggesting that this antigenic determinant is not very immunogenic in our study population. 

Similar results were obtained when analysis was repeated using parametric tests on the log-

transformed data. Thus the lack of power associated with the use of non-parametric tests are 

unlikely to explain the lack of difference found in most of the antigens tested in this study. 

Our results thus suggest that among asymptomatic seropositive women, the HIV has no effect 

on the maternal humoral immune response and on mother-to-infant transfer of maternal 

antibodies. Our findings are consistent with those of earlier studies in non-pregnant adults, 

and support previous reports that levels of total IgG to malarial antigens are not affected by 

asymptomatic HIV infection.40"42 

One possible exception may be the antibody response to (NANP)s, from the P. 

falciparum circumsporozoite protein. The clinical significance of our finding of reduced 
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antibodies with maternal HIV infection with regard to susceptibility to malaria in infancy is 

unclear. Whereas antibodies to blood stage malarial antigens have been found to be 

associated with protection against high-density parasitaemia and clinical malaria in some 

studies,43Ai the protective effect of (NANP)5 in preventing blood-stage infections is 

controversial,46"49 particularly given that it may not prevent blood stage infections from 

occurring at high sporozoite inocula, such as in the peak transmission seasons. 

Studies have shown reduced humoral41 and cellular51 immune responses to occur 

among individuals with clinical AIDS manifestation, and these observations are consistent 

with those of recent case control17 and longitudinal'8'19 epidemiologic studies investigating 

the clinical pattern of malaria in HIV-infected persons, which have shown advanced HIV 

disease (as measured by decreasing CD4 lymphocyte counts) to be associated with an 

increase in the incidence of clinical malaria and increased parasite densities. In our current 

study, information about CD4 lymphocyte count was available for only 93 women, and 

because of our selection criteria, only 4.3% (4/93) had CD4 T cell counts <200/(il. Thus the 

small numbers precluded an evaluation of the degree of immunosuppression on antibody 

responses. Higher maternal and cord antibody levels to the EBA-175 determinant was 

observed among HIV seropositive women. HIV infection is known to enhance B cell 

polyclonal activation during early infection,52 but this stimulation appears not to extend to all 

B cells, as we observed no effect to the other malarial antigenic determinants. 

Even though previous epidemiologic observations indicated that the HIV-associated 

increased risk of maternal malaria in pregnancy was most pronounced in multigravidae, we 

did not find the effect of HIV infection on antibody response to be related to gravidity (data 

not shown), and this is consistent with recent observations that demonstrate that maternal 

HIV infection increases the risk of malaria in women of all gravidities in our study population 
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(van Eijk AM, Unpublished). In a further analysis, placental malaria (regardless of the 

density) had no effect on any of the parameters investigated (data not shown). 

Vaccination of pregnant women with TT is the most cost-effective strategy for 

prevention of tetanus neonatorum.53 Our observed reduced maternal antibodies to TT 

associated with maternal HIV infection may be a source of concern and require further 

evaluation.54 However, the observed lack of an impact of maternal HIV status on 

maternal/cord transfer of TT antibodies is encouraging and consistent with findings reported 

elsewhere.55'56 

We previously reported an HIV-mediated dysregulation of cytokine responses at the 

level of the placenta, affecting protective cellular immune responses to placental malaria.24 

Our current analysis presented here does not suggest an additional impairment of the humoral 

immune response. However, the significance of reduced maternal and cord antibody levels to 

(NANP)5 observed in our current investigation needs to be evaluated in further studies. 
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Figure 1. The prevalence of antibody seroreactivity to antigenic determinants 

in maternal and cord plasma§, Kisumu, western Kenya, April 1997-October, 

1997. 

MSPl EBA-175 MSP2 MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 
(1254) (1268) (1690) (1704) (1426) (1487) 

• Maternal 
Antigenic Determinants 

O Cord 

'Maternal plasma samples tested were 201, except for MSP2 (1268), RAP1 (1426) and EBA-175: 182 and 

MSP3 (1690) and MSP3 (1704): 191 samples tested. Cord plasma samples tested were 131, except for 

MSP2(1268), RAP1 (1426) and EBA-175: 112 samples tested. 
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Figure 2. Percentage of maternal and cord plasma responders to tested antigenic 

determinants by maternal HIV status. 

(a) Maternal blood' 

EBA-175 MSP2 MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 

(1254) (1268) (1690) (1704) (1426) (1487) 

Antigenic Determinants • Hrv(+) 
a Hrv(-) 

(b) Cord Blood1 

100n 

MSP1 EBA-175 MSP2 
(1254) 

MSP2 MSP3 MSP3 RAP1 RAP1 (NANP)5 TT 
(1268) (1690) (1704) (1426) (1487) 

Antigenic determinants • HIV(+) 
O HIV(-) 

•Maternal HIV(+) samp les were 99, except MSP2 (1268), RAP1 (1426) and EBA that were 88. 
Maternal HIV(-) samples were 102, except MSP2 (1268), RAP1 (1426) and EBA that were 94. 
Cord blood I HIV(+) samples were 69, except MSP2 (1268), RAP1 (1426) and EBA that were 58. 
Cord blood HI V(-) samples were 62, except MSP2 (1268), RAP1 (1426) and EBA that were 54. 
* Statistically significant P < 0.05. 
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Table 1. Study population by maternal HIV status 

Maternal HIV Status N = 201 

HIV+ HIV-

n = 99 n=102 

(49.0%) (51.0%) 

P-value 

Primigravidae (%) 

Median maternal age [years (interquartile range)] 

(range) 

Median gestational age [Wks (interquartile range)]3 

Prematurity (%) 

Median birth weight 

[g (interquartile range)] 

Low birth weight (%) 

Median parasites/|il (interquartile range) 

36.9' 50.5 

(2900-3489) (2860-3501) 

(6.1) (2.9) 

0.04 

22.0(20-26) 20.0(18-22)' <0.01 

(15-38) (15-38) 

39.0 (38-40) 38.0 (37-39) 0.02 

(8.2) (16.7) 0.07 

3205 3112 0.73 

0.28 

392(82-2894) 514(82-2085) <0.01 

Significantly different by Chi-square and *Wilcoxon-test respectively. 

"Gestational age was estimated by the modified Dubowitz method.27 
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Table 2: Median optical density (OD) (IQR) to antigenic determinants in 

maternal and cord blood stratified by maternal HIV status 

Antigen Maternal n (%) Cord n (%) 

HIV- HIV+ HIV- HIV+ 

MSP-1 

Median OD 0.466 0.462 0.399 0.551 

(IQR) 0.294-0.646 0.191-0.638 0.207-0.584 0.155-0.691 

P value 0.43 0.04 

EBA-175 

Median OD 0.489 0.547 0.447 0.562 

(IQR) 0.331-0.597 0.423-0.621 0.193-0.602 0.409-0.632 

P value 0.08 0.03 

MSP-2 

(1254) 

Median OD 0.581 0.509 0.552 0.518 

(IQR) 0.327-0.697 0.262-0.624 0.294-0.661 0.207-0.689 

P value 0.04 0.63 

MSP-2 

(1268) 

Median OD 0.439 0.338 0.330 20.302 

(IQR) 0.180-0.615 0.131-565 0.008-0.513 0.118-0541 

/"value 0.25 0.51 

MSP-3 

(1690) 

Median OD 0.190 0.177 0.122 0.136 

(IQR) 0.007-0.427 0.008-0.385 0.005-0.326 0.004-0.279 

P value 0.54 0.58 
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MSP-3 

(1704) 

RAP-1 

(1426) 

RAP-1 

(1487) 

Median OD 

(IQR) 

P value 

Median OD 

(IQR) 

P value 

Median OD 

(IQR) 

P value 

0.007 

0.004-0.127 

0.007 

0.003-0.120 

0.36 

0.007 

0.002-0.136 

0.23 

0.139 

0.101-0.263 

0.009 

0.005-0.165 

0.161 

0.106-0.247 

0.55 

0.005 0.004 

0.002-0.009 0.001-0.009 

0.41 

0.005 0.009 

0.00-0.008 0.004-0.140 

0.011 

0.144 0.137 

0.007-0.322 0.006-0.291 

0.82 

(NANP)s 

TT 

Median OD 0.267 0.182 0.201 0.100 

(IQR) 0.125-0.512 0.007-0.365 0.01-0.408 0.004-0.229 

P value 0.002 0.002 

TT: 

OD: 

Median OD 

(IQR) 

lvalue 

tetanus toxoid 

optical density 

0.640 0.622 

0.610-0.717 50.584-0.711 

0.02 

0.638 0.661 

0.604-0.682 0.573-0.715 

1.00 

IQR: interquartile range 
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Table 3. Maternal/cord mean antibody transfer ratio by maternal HIV status 

Antigen sMaternal:Cord ratio 

MSP-1 

EBA-175 

MSP-2(1254) 

MSP-2(1268) 

MSP-3 (1690) 

MSP-3(1704) 

RAP-1 (1426) 

RAP-1 (1487) 

(NANP), 

TT 

HIV-

1.1 

1.1 

1.1 

1.0 

1.1 

1.1 

1.0 

1.1 

1.0 

0.9 

H1V+ 

0.9 

0.9 

1.1 

1.1 

1.2 

1.1 

1.1 

1.1 

1.1 

1.0 

P Value' 

0.29 

0.70 

0.43 

0.52 

0.04 

0.66 

0.19 

0.15 

0.02 

1.00 

Wilcoxon test 
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Table 4. Effect of maternal HIV on maternal and cord antibody levels and on 

mother-to-infant antibody transfer, multivariate analysis* 

(A) 

Maternal antigen 

MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

1426 

1487 

(NANP)s 

TT 

Mean Rank Score (95%CI) 

HIV+ 

98(86-109) 

100(88-110) 

94(82-105) 

88 (76-99) 

98(86-109) 

98(86-109) 

96(84-107) 

105(94-117) 

87 (76-99) 

90(79-102) 

H1V-

104(93-116) 

84 (73-95) 

108 (97-120) 

95 (84-106) 

104(93-116) 

104(93-116) 

88 (77-99) 

97(85-108) 

114(103-125) 

111 (100-123) 

Partial R2 

0.3% 

2.3% 

3.3% 

2.0% 

1.0% 

1.5% 

1.1% 

2.4% 

5.0% 

3.3% 

P-Value 

0.436 

0.05 

0.084 

0.340 

0.436 

0.438 

0.302 

0.314 

0.001 

0.013 

(B) 

Cord MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

72(63-81) 

63 (55-72) 

64(55-73) 

58 (49-67) 

65 (56-74) 

64 (55-73) 

60 (50-69) 

49 (40-58) 

68(57-78) 

55 (46-64) 

67 (58-77) 

69 (59-78) 

4.1% 

5.0% 

0.7% 

0.7% 

2.0% 

0.8% 

0.075 

0.022 

0.517 

0.602 

0.740 

0.484 
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1426 

1487 

(NANP); 

TT 

63(55-72) 

66(56-75) 

55(47-64) 

66 (56-75) 

49 (40-58) 

66 (57-76) 

78(67-87) 

66 (57-76) 

6.7% 

0.7% 

9.0% 

0.5% 

0.023 

0.917 

0.001 

0.875 

(C) 

Antibody 

transfer 

MSP1 

EBA-175 

MSP-2: 

1254 

1268 

MSP-3: 

1690 

1704 

RAP1: 

1426 

1487 

(NANP), 

T T 

63 (54-72) 

100(88-110) 

69 (60-78) 

59(51-68) 

72(63-81) 

68(58-77) 

60 (52-69) 

72(63-81) 

74(65-83) 

O u y j t - i j ) 

70 (60-79) 

83 (73-95) 

62 (53-72) 

53 (45-62) 

59 (49-69) 

64 (54-74) 

52(43-61) 

60 (50-69) 

57 (47-67) 

66 (57-76) 

1.0% 

2.3% 

2.4% 

2.4% 

3.3% 

0.2% 

3.0% 

3.6% 

5.2% 

n i o / 
\J.4. /Q 

0.325 

0.050 

0.302 

0.336 

0.050 

0.616 

0.225 

0.079 

0.012 

0.962 

Adjusted for gravidity, maternal age, residence (urban versus semiurban), and history 

of antimalarial use in the current pregnancy. 
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