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Background. Human immunodeficiency virus (HIV) infection reduces placental transfer of antibodies from mother to the fetus
for many antigens; however, conflicting data exist for transfer of immunoglobulin G (IgG) to malarial antigens. The mechanism(s)
underlying reduced placental transfer is unknown.

Methods. Levels of maternal and cord total IgG, IgG subclasses, and cord-to-mother ratios (CMRs) were measured in 107 mother-
cord pairs to 3 malarial antigens: circumsporozoite protein (CSP), apical membrane antigen 1 (AMA-1), merozoite surface protein 1
(MSP-1), and tetanus toxoid C-fragment (TTc).

Results. Immunoglobulin G levels to CSP and TTc were lower in HIV+ mothers, and cord IgG to CSP, MSP-1, and TTc were
significantly lower in neonates born to HIV+ mothers (all P values <.05). The prevalence of mothers with hypergammaglobulinemia
was significantly higher among HIV+ women (68%) compared with HIV− mothers (8%) (P < .0001). Maternal hypergammaglobuli-
nemia was associated with reduction in transplacental transfer of antibodies to CSP (P = .03), MSP-1 (P = .004), and TTc (P = .012), and
CMRs <1 were found for MSP-1 (odds ratio [OR] = 6.5), TTc (OR = 4.95), and IgG1 to CSP (OR = 3.75, P = .025) in statistical models
adjusted for maternal IgG.

Conclusions. Data confirmed that HIV infections are associated with lower cord antibody levels to malarial antigens and that hy-
pergammaglobulinemia may contribute to reduced antibody transfer.
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Placental transfer of antibodies from mother to the fetus is an
adaptive mechanism by which deficiencies in neonate immuni-
ty are counterbalanced, providing short-term passive protection
[1]. The amount of antibodies transferred to the neonate deter-
mines the degree and length of protection the infant has from
some infections [2]. Transplacental transfer of immunoglobulin
G (IgG) is especially important for infections for which vaccines
are not available, and clinical protection is mediated by natural-
ly acquired antibodies [3, 4] that are not fully acquired until
adulthood [5].

Placental transfer of IgG across placental syncytiotrophoblast
cells is mediated by Fc neonatal receptors (FcRn) [6, 7] that are
located inside endosomes [8]. Placental transport of IgG depends

on maternal IgG levels, IgG subclass (preferential transport of
IgG1, followed by IgG4, IgG3, and IgG2), antibody avidity, gesta-
tional age, and number and functionality of FcRn [1, 9]. Placental
transfer of IgG may be influenced by prematurity, intrauterine
growth restriction, maternal human immunodeficiency virus
(HIV), placental malaria (PM), hypergammaglobulinemia, and
maternal immune deficiencies [1, 10–18].

In sub-Saharan Africa, women disproportionately bear
the burden of the HIV epidemic [19, 20]. In Cameroon, the
national HIV prevalence is 5.6% in women and 2.9% in men,
with a prevalence of 7.8% among pregnant women [21, 22].
Studies have demonstrated that HIV reduces transplacental trans-
fer of maternal IgG to Streptococcus pneumonia, Haemophilus
influenza type b, herpes simplex virus, varicella-zoster virus,
streptolysin O, tetanus, measles, and pneumococcal capsular IgG
[12, 13, 23–26]. The impact of HIV on transfer of IgG to Plasmo-
dium falciparum antigens is less clear, because data from 2 major
studies are conflicting [27, 28] and the mechanism responsible for
deficient transport of antimalarial IgG in the context of HIV has
not been investigated.

This study examined the influence of HIV and hypergamma-
globulinemia on placental transfer of IgG to pre-erythrocytic
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and erythrocytic-stage malarial antigens in Cameroonian preg-
nant women. In addition, IgG1 and IgG3 antibodies to malarial
antigens were investigated because IgG1 levels to malarial anti-
gens predominate [29, 30] and are preferentially transferred
transplacentally [1].

METHODS

Ethical Review
The study was approved by the National Ethics Committee, Cam-
eroon (Number 2013/11/366/L/CNERSH/SP) and the Institution-
al Review Board, University of Hawaii (CHS 21 370). Written
informed consent was obtained from each woman at enrollment.

Study Site and Population
The case-controlled study was carried out in the maternity ward
of Central Hospital, Yaoundé, Cameroon (2014–2015). Inclu-
sion criteria included women ≥18 years of age, who did not
have pre-existing health conditions that might influence the
study (diabetes, preeclampsia, and hemolysis elevated liver
enzymes low platelet count syndrome). Women who had
spontaneous abortions were also excluded. This study enrolled
HIV-positive (HIV+) cases that met inclusion criteria and
HIV-negative (HIV−) controls at a 1:2 ratio. A questionnaire
was used to record maternal demographic information, clinical
history, use of the intermittent preventive treatment and in-
secticide treated bednets (ITNs), HIV status, and use of an-
tiretroviral therapy (ART). According to the Cameroonian
government’s guidelines, pregnant women were tested for
HIV during pregnancy and received tetanus vaccination. The
standard of care is for HIV+ women to receive ART with zido-
vudine from 14 weeks of pregnancy at government HIV treat-
ment centers for prevention of mother-to-child transmission of
HIV. For the few women newly diagnosed with HIV at delivery,
a single dose of nevirapine and the first dose of zidovudine were
given in the maternity ward, and neonates were placed on nevi-
rapine immediately after birth and linked to the government
HIV care facility for follow up. Information recorded for neo-
nates included infant birth weight and Apgar score. Length of
gestation was estimated based on date of last menstrual period
or ultrasound data when available. Neonates born before 37
weeks were classified as premature. Singletons weighing less
than 2500 grams were considered low birth weight (LBW).

Specimen Collection and Processing
Before active labor or after delivery, maternal venous blood sam-
ples were collected. After delivery, cord blood and placental inter-
villous space blood samples were obtained [31]. In addition, a
biopsy of placental tissue was retained for parasitological studies.

Human Immunodeficiency Virus Ribonucleic Acid Levels
Information on the women’s HIV status was obtained from
the Yaoundé Central Hospital medical records. Human immuno-
deficiency virus copy number was determined at the Chantal-Biya
International HIV Reference Center, Yaoundé, when sufficient

plasma was available for testing (n = 15 women) using Abbott
RealTime polymerase chain reaction HIV-1 kit (Abbott Park,
IL). The lower and upper detection limits were <150 copies/mL
and 10 000 000 copies/mL, respectively.

Diagnosis of Malaria, Placental Malaria, and Anemia
Peripheral, placental intervillous space, and cord blood samples
were evaluated for P. falciparum parasites by microscopy [32].
Placental biopsies were fixed in 10% buffered formalin, em-
bedded, stained with hematoxylin-eosin, and examined for
parasites. A woman was considered to have PM if infected
erythrocytes were detected in blood smears of intervillous
space blood, impression smears of villous tissue, or histological
sections of the placenta [33]. Maternal hemoglobin (Hb) levels
were determined using HemoCue Hb 201 (HemoCue, Sweden).
Women with <11 g/dL Hb levels were considered to be anemic
(according to the World Health Organization 2012 guidelines).

Laboratory Assays for Total Immunoglobulin G

Total IgG in maternal peripheral and cord plasma was mea-
sured at 1:400 000 dilution using a total IgG enzyme-linked im-
munosorbent assay (ELISA) kit (MabTech, Cincinnati, OH)
and standards from the National Institute for Biological Stan-
dards and Controls. Hypergammaglobulinemia was defined as
having total IgG >1600 mg/dL [13, 34, 35]. Optical density val-
ues were converted to total IgG concentration (mg/dL) using a
standard curve and corrected for dilution factor of 400 000. To
validate IgG ELISA, total IgG levels were compared for 8 North
American pregnant women (Hawaii Biospecimen Repository)
and 6 Cameroonian women [32] in the ELISA assay and by
nephelometry (Clinical Labs of Hawaii).

Recombinant Plasmodium falciparum Antigens

The following antigens were used: recombinant apical
membrane antigen 1 ([AMA-1] FVO, expressed in yeast, molec-
ular weight [MW] 83 kDa) and merozoite surface protein 1
([MSP-1]42 FVO, expressed in Escherichia coli, MW 42 kDa)
(provided by C. Long, Malaria Vaccine Development Branch,
National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Rockville, MD); synthetic peptide contain-
ing B-cell epitopes from circumsporozoite protein (CSP) (syn-
thesized by AnaSpec, Inc., San Jose, CA) [36]; and tetanus toxin
C-fragment ([TTc] from J. K.) plasmid [37].

Measuring Immunoglobulin G Using a Multianalyte Platform

Assay

Antigens were coupled to MagPlex-C microspheres (Luminex,
Austin, TX) as described previously, with 1 million microspheres
coupled with 1 µg of MSP-1, AMA-1, and TTc and 15 µg of CSP
[36]. Immunoglobulin G was measured in a multianalyte plat-
form assay as previously described [30, 36]. In brief, 50 µL
(2000 microspheres/test) antigen-coupled microspheres were in-
cubated with 50 µLmaternal and cord plasma at 1:100 dilution in
phosphate-buffered saline (PBS) and 1% bovine serum albumin
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(BSA) for 1 hour at 25°C on a shaker. After 3 washes, micro-
sphereswere incubatedwith 100 µL secondary antibody diluted to
2 µg/mL in PBS-1% BSA per well (R-phycoerythrin-conjugated,
Affini Pure F(ab′)2 fragment, goat anti-human IgG Fc fragment
specific; Jackson ImmunoResearch Laboratories, West Grove,
PA) for 1 hour. Microspheres were washed 3 times, resuspended
in 100 µL PBS-1% BSA, and analyzed using a MAGPIX reader
(EMD Millipore, Billerica, MA). The results were expressed as
median fluorescence intensity (MFI). Positive and negative con-
trols were included on each plate consisting of (1) pool of plasma
from 6 Cameroonian adults (positive assay control) and (2) pool
of plasma from 13 North Americans (negative assay control). In
addition, plasma from 20 North American adults was used to de-
termine the cutoff for antibody positivity.

Immunoglobulin G Subclass Determination to Malaria Antigens

Immunoglobulin G IgG1 and IgG3 subclasses to the antigens
were measured in maternal peripheral and cord plasma samples
as previously described [29]. In brief, after incubating beads
with 50 µL of a 1:100 dilution of plasma, beads were washed
and incubated with 100 µL mouse anti-human IgG1 (Molecular
Probes) at 1:250 dilution or mouse anti-human IgG3 (clone
HP6050 I7260; Sigma) at 1:2000 dilution in PBS-1% BSA for
1 hour at 25°C. After washing, beads were resuspended in
100 µL phycoerythrin-labeled donkey anti-mouse IgG H + L
(catalog number 715-116-150, Jackson ImmunoResearch Labo-
ratories) at a 1:250 dilution in PBS-1% BSA for 1 hour, washed,
and resuspended in 100 µL PBS-1% BSA. Median fluorescence
intensity were determined as described above.

Statistical Analysis

Demographic, clinical, and assay variables were summarized
using descriptive statistics; continuous variables were compared
using Student t test; and proportions were compared using Fish-
er’s exact test. Maternal and cord antibody levels stratified by
HIV status were compared using the Mann-Whitney U test. Pro-
portion of individuals who were seropositive for a given antigen
was determined based on mean MFI + 2 standard deviation cut-
off for 20 North American individuals. To assess transfer across
the placenta, cord-to-mother ratio (CMR) ofMFI were calculated
and compared stratified by maternal HIV or hypergammaglobu-
linemia status using Mann-Whitney U test using data only for
mothers that were seropositive for a given antigen.Multiple linear
regression models were used to assess the effect of maternal HIV
or hypergammaglobulinemia status on cord IgG levels (natural
logarithm) and CMR. Regression models were built using the for-
ward stepwise method, and the influence of both maternal and
neonatal factors was assessed. In addition, logistic regression
models were used to assess the odds of having reduced placental
antibody transfer defined as CMR <1 for a given antigen, (be-
cause in healthy pregnancies, CMR ranges from 1.0 to 1.2 [1]).
In addition, the influence of maternal and neonatal factors on
log regression models was assessed. All statistical analyses were

performed using GraphPad Prism and STATA14; P values of
≤.05 were regarded as statistically significant.

RESULTS

Characteristics of the Study Population
A comparison of pregnancy-related factors between HIV−
(n = 76) and HIV+ (n = 31) women showed that HIV+ mothers
were slightly older (30 vs 27.5 years, P = .04), but otherwise the
women had similar characteristics (Table 1 and Supplementary
Table 1). Among the 31 HIV+ women, 93% had received the
ART. Analysis of a subset of samples (n = 15) revealed that
60% of HIV+ women had detectable viral loads (>150 copies/
mL), with median viral loads of 15 423 copies/mL (minimum
152 copies/mL, maximum 790 190 copies/mL, interquartile
range 223 139 copies/mL). CD4 counts were available for only
9 women, with 44.4% having CD4 counts below 350 cells/mm3.
Only 3 of 30 HIV+ women were coinfected with PM (Table 1).
Thus, there were no major differences in pregnancy-related char-
acteristics between HIV− and HIV+ women, even though some
of the HIV+ women had low CD4 counts and high viral loads.

Levels of Maternal and Cord Antimalarial Immunoglobulin G
Subclasses at Delivery
The majority of mothers had IgG to the 3 malaria antigens (Sup-
plementary Table 2). Compared with maternal levels, cord IgG
levels for AMA-1, MSP-1, and TTc were significantly lower (all
P < .05; Supplementary Figure 1); as expected, maternal and
cord antibody levels had a positive linear relationship (Supple-
mentary Figure 2). Mothers who were HIV+ had significantly
lower IgG levels to CSP and TTc than HIV−mothers (all P values
<.05) (Figure 1A). Likewise, HIV-exposed neonates had lower IgG
levels to CSP, MSP-1, and TTc than HIV− unexposed neonates
(all P values <.05) (Figure 1B). As expected, IgG1 was the predom-
inant subclass for all malaria antigens and TTc. Mothers whowere
HIV+ had significantly lower IgG1 levels to CSP, MSP-1, and TTc
compared with HIV−mothers (all P values <.05) (Figure 1A), and
HIV-exposed neonates had lower cord blood IgG1 levels to all an-
tigens (P values <.05) (Figure 1B). Only a few women and neo-
nates had IgG3 to malaria antigens, making it impossible to
analyze. Pregnant Cameroonian women in this cohort do not
have IgG2 and IgG4 subclasses for CSP and MSP-1 (data not
shown); therefore, IgG2 and IgG4 were not included in the study.

Maternal Total Immunoglobulin G Levels at Delivery
Before conducting the study, the commercial ELISA-based total
IgG assay was validated by testing plasmawith known concentra-
tions of total IgG established by nephelometry (Supplementary
Figure 3). Congruent results between the 2 assays were found
(Pearson correlation R2 = 0.75); however, milligram per deciliter
values determined by the ELISA tended to be lower than by
nephelometry.

Total IgG levels were significantly higher in HIV+ women
(P < .0001) and PM+ women (P = .0037) compared with
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HIV-PM− women (Figure 2A). In this study, 86 women were
tested for total IgG and 32.6% (28 of 86) were found to have
IgG levels >1600 mg/dL, ie, had hypergammaglobulinemia.
Among these women, 15 (53.6%) were HIV+, 5 (17.9%) were
PM+, 3 (10.7%) were both HIV+ and PM+, and 5 (17.9%) had
elevated IgG levels due to other causes (Figure 2C). It is interesting
to note that total IgG levels were similar in HIV+ and PM+
mothers (P = .13). Accordingly, the prevalence of hypergamma-
globulinemia was higher in HIV+ women (68%) compared
with HIV− women (11%) (P < .0001), and 6 of 9 (67%) HIV+
womenwith detectable viral loads had hypergammaglobulinemia.

Human immunodeficiency virus-exposed neonates had higher
total IgG levels compared with HIV-unexposed neonates (P = .02),
and some of these neonates had hypergammaglobulinemia (Fig-
ure 2B). No significant differences were observed in total IgG lev-
els between preterm and full-term neonates (P = .57); similarly,

no significant difference was observed in IgG levels between ne-
onates with LBW and normal weight (P = .72) (data not shown).
When considering CMR of total IgG levels, HIV+ women had
lower, but statistically not significant CMR of total IgG
(P = .18) compared with HIV− women (Figure 2D). Significantly
lower CMR of total IgG (P = .03) was observed in HIV-malaria
coinfected mothers compared with controls (Figure 2D).

Influence of Human Immunodeficiency Virus and Associated
Hypergammaglobulinemia on Transfer of Immunoglobulin G to Malaria
Antigens
Human immunodeficiency virus had a nonsignificant effect
on CMR of IgG to malaria antigens, but a significant negative
impact on CMR of IgG1 to CSP (P = .02), AMA-1 (P = .03),
MSP-1 (P = .02), and TTc (P < .0001) compared with CMR
from HIV− mothers (Figure 3A). In linear regression models
adjusted for maternal and neonatal factors, maternal HIV

Table 1. Demographic, Clinical, and Hematological Parameters of 107 Participants Enrolled at Delivery

Characteristic HIV− HIV+ P Value

Enrolled participants (n) 76 31

Maternal Factors

Age (years)a 27.5 ± 6 30 ± 5 .04

Axillary temperatureb (°C) 37.4 (0.7) 37.3 (0.5) .2

Feverc (>37.5°C) 20/64 (31) 6/26 (23) .6

BMIa 29.0 ± 4 28.5 ± 3.7 .6

Hemoglobin levelsa (g/dL) 12.1 ± 1.6 11.7 ± 1.7 .4

Anemiac (<11 g/dL) 13/65 (20) 6/25 (24) .8

ART usec n/a 26/28 (93) n/a

IPT and bednet usec 63/70 (90) 30/30 (100) .1

Number of SP dosesb 2 (1) 2 (0.5) .4

Bednetc 55/72 (76) 26/31 (84) .4

Peripheral malariac,d 13/61 (21) 4/27 (15) .6

Parasite density (parasites/µL)b,e 1880 (15 540) 1080 (17 735) .6

Placental malariac,d,f 14/64 (22) 3/30 (10) .3

Parasitemia by impression smears (%)b,e 0.65 (6.8) 0.23 (0.58) .4

Gravidityb 3 (2) 3 (3) .4

Primigravidaec 17 (23) 6 (19) .8

Multigravidaec 56 (77) 25 (81) .8

Neonatal Factors

Length of gestationb (weeks) 39.6 (2.3) 39.4 (2.7) .6

Preterm deliveriesc (<37 wks) 9/70 (13) 6/31 (19) .5

Singleton deliveriesc 3/70 (4) 2/31 (6.5) .6

Neonate genderc (male) 40/73 (55) 20/31 (65) .4

Placental weightb (g) 600 (171) 590 (150) .5

Neonate weighta (g) 3161 ± 591 3127 ± 497 .8

Low birth weightc (<2500 g) 7/73 (9.6) 2/31 (6.5) .7

Apgarb; at 1 min, at 5 min 8 (1); 9 (2) 8 .5 (1); 9 (1.5) .2; 1

Cord malaria infectiond 0 0 n/a

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; IPT, intermittent preventive treatment (with sulfadoxine pyrimethamine and bednets);
n/a, not applicable; SP, sulfadoxine pyrimethamine.
a Mean ± standard deviation, compared using t test.
b Medians (interquartile range) compared using Mann-Whitney U test.
c Frequencies are reported as number (percentage in parentheses) and compared using Fisher’s exact t test. Numbers may not add up to 107 due to missing responses.
d Blood smears were tested by microscopy for presence of Plasmodium falciparum, Plasmodium ovale, and Plasmodium malariae. Only P falciparum was detected.
e Calculated for smear-positive women only.
f Woman was considered placental malaria-positive if malaria-infected erythrocytes were found in the intervillous blood smears, impression smears, or histological slides by microscopy.
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infection was associated with reduced CMR to TTc (P = .002),
IgG1 to CSP (P = .01), and TTc (P < .0001) (Table 2). In addi-
tion, HIV was associated with likelihood of having CMR <1 of
IgG to TTc (odds ratio [OR] = 10, P < .0001), IgG1 to AMA-1
(OR = 3, P = .045), MSP-1 (OR = 3.5, P = .017), and TTc
(OR = 6.7, P < .0001) in logistic regression models.

Maternal hypergammaglobulinemia had a greater impact than
HIV on placental transfer of IgG and IgG1 to all malaria antigens
and TTc (all P < .05) (Figure 3B). A higher proportion of hyper-
gammaglobulinemic mothers had CMR <1, with a significantly
higher proportion of women with CMR < 1 for IgG to MSP-1
(P = .006) and TTc (P = .004) compared with the hypergamma-
globulinemia-negative women (Supplementary Table 3). The in-
fluence of hypergammaglobulinemia remained significant after

data were adjusted for maternal and neonatal factors in linear
regression models (Table 2); hypergammaglobulinemia was asso-
ciated with significantly reduced CMR of IgG to CSP (P = .03),
MSP-1 (P = .004), TTc (P = .012), IgG1 to CSP (P = .02), and
TTc (P = .007). Finally, hypergammaglobulinemia was associated
with increased likelihood of CMR <1 of IgG to MSP-1 (OR = 6.5,
P = .002) and TTc (OR = 4.95, P = .002), IgG1 to CSP (OR = 3.75,
P = .025), AMA-1 (OR = 3.5, P = .02), MSP-1 (OR = 3.6, P = .01),
and TTc (OR = 3.8, P = .009) in logistic regression models.

DISCUSSION

This study (1) examined the influence of maternal HIV infec-
tion on transplacental transfer of antibodies to malaria merozo-
ite and sporozoite antigens as well as (2) delineated a potential

Figure 1. Antibody levels to malaria antigens in maternal peripheral and cord blood. (A) Maternal antibody levels stratified by human immunodeficiency virus (HIV) status;
(B) cord antibody levels stratified by maternal HIV status. Medians and interquartile ranges were plotted, and antibody levels were compared using Mann-Whitney U test. Open
circles represent HIV-negative mothers (A) or neonates born to HIV-negative mothers (B): black circles represent HIV-positive mothers (A) or neonates born to HIV-positive
mothers (B). Abbreviations: AMA-1, apical membrane antigen 1; CSP, circumsporozoite antigen; IgG, immunoglobulin G; IQR, interquartile range; MFI, mean fluorescence
intensity; MSP-1, merozoite surface protein 1; TTc, tetanus toxoid.
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mechanism underlying reduced placental transfer. Results show
that maternal HIV-associated hypergammaglobulinemia signif-
icantly reduced transplacental transfer of antibodies to malarial
antigens among Cameroonian pregnant women. In this cohort,
68% of HIV+ pregnant women had hypergammaglobulinemia

at delivery. Hypergammaglobulinemia was significantly asso-
ciated with reduced cord IgG levels to CSP and MSP-1; CMR
of IgG to CSP, MSP-1, and TTc; and increased risk of having
CMR <1 of antibodies to CSP, AMA-1, MSP-1, and TTc.
After adjustments were made for maternal factors including

Figure 2. Total immunoglobulin G (IgG) levels in mothers with and without human immunodeficiency virus (HIV). Total immunoglobulin G (IgG) levels were measured in
maternal peripheral plasma (A) and cord plasma (B) (mean ± standard deviation plotted). Total IgG levels were compared between 2 groups using t test. (C) Prevalence of women
with hypergammaglobulinemia (>1600 mg/dL). (D) Cord-to-mother ratio of total IgG levels were compared using Mann-Whitney U test (median and interquartile range plotted).
Abbreviations: PM, placental malaria; SD, standard deviation.
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antibody levels and PM, the effect of hypergammaglobulinemia
was retained.

This is the third study examining the influence of HIV on
placental transfer of antibodies to malarial antigens, and the re-
sults help resolve discrepancies in the literature. Ayisi et al [27]
reported lower cord IgG and CMR only for CSP and not for the
erythrocytic stage antigens EBA175, MSP-1–19, MSP2, and
MSP3 in neonates born to HIV+ mothers. This contradicts
findings by Moro et al [28], who reported lower cord IgG and
CMR to MSP-1, EBA175, and AMA-1 in neonates born to
HIV+ mothers. These differences could be due to variation in
HIV pathology between study populations (CD4 counts, viral
loads, ART use), immunological assays, recombinant antigens,
study design, and outcome variables. The current study con-
firms previous results that maternal HIV infection is associated

with reduced transfer of IgG to TTc [24] and both malaria mer-
ozoite [28] and sporozoite [27] antigens. The role of hypergam-
maglobulinemia in reduced placental transfer to vaccine
antigens [11–13, 15, 16] has been documented. Previous studies
on placental transfer of IgG to malaria did not examine possible
mechanisms responsible for placental transfer reduction. To
our knowledge, this is the first study demonstrating the role
of HIV-associated hypergammaglobulinemia as an important
factor of reduced transfer of antimalarial IgG.

The reason why maternal hypergammaglobulinemia reduces
placental IgG transfer is not clear. Brambell et al [38]hypothesized
that high IgG concentrations produced as a result of polyclonal
B-cell activation compete with antigen-specific IgG for binding
to the FcRn on syncytiotrophoblasts. Hypergammaglobuline-
mia independently affected placental IgG transfer in Malawian

Figure 3. Cord-to-mother ratio (CMR) of antibodies to malaria. Cord-to-mother ratios were calculated for those women who were seropositive for a given antigen. Medians
and interquartile range (IQR) of CMR were plotted: (A) stratified by maternal human immunodeficiency virus (HIV) status; (B) stratified by maternal hypergammaglobulinemia
status. Antibody levels were compared using Mann-Whitney U test. Open circles represent neonates born to HIV-negative mothers (A) and mothers without hypergammaglo-
bulinemia (B); black circles represent neonates born to HIV-infected mothers (A) and those born to mothers with hypergammaglobulinemia (B). Abbreviations: AMA-1, apical
membrane antigen 1; CSP, circumsporozoite antigen; IgG, immunoglobulin G; MFI, mean fluorescence intensity; MSP-1, merozoite surface protein 1; TTc, tetanus toxoid.
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mothers; however, because the majority of hypergammaglobu-
linemic mothers also had PM, it confounded data interpretation
[13]. During PM, changes in placental architecture have been
hypothesized to contribute to a reduction in the surface area
of syncytiotrophoblasts, resulting in impaired maternofetal
transfer of nutrients and antibodies [39–43]. Although, syncy-
tiotrophoblasts can become infected with HIV, placental in-
flammation, syncytial knotting, and malperfusion are not
characteristics of HIV-infected placentas. Human immunodefi-
ciency virus infection could have a more overt influence on pla-
cental transfer by affecting FcRn expression levels; however,
FcRn expression levels in placentas from HIV+ women have
not been investigated.

This study had several limitations, including small HIV+
cohort, data on viral load was not available for all participants,
and the study design did not allow determination of malaria in-
cidence in infants during the first 6 months of life. The use of
the gold standard method for measuring total IgG levels, neph-
elometry, was not possible, because of the cost and amount of
sample required. One concern in total IgG determinations by
ELISA is that correcting data for dilution factor of 400 000

would overestimate total IgG levels. However, based on assay
validation, ELISA values were congruent or lower compared
with nephelometry, thus minimizing the probability that a
woman was misclassified as hypergammaglobulinemic.

Despite the fact that 93% of HIV+ mothers received ART, ma-
ternal HIV infection was associated with significantly reduced
maternal IgG and IgG1 levels to malaria antigens. It is clinically
proven that after 6 weeks of ART, one’s viral loads drop to unde-
tectable levels. Thus, it is likely that many HIV+ women in this
study did not adhere to the ART. Prenatal HIV obligatory screen-
ing in Cameroon is one of the strategies to detect and treat HIV
infection under the Centers for Disease Control and Prevention
and President’s Emergency Plan for AIDS Relief programs, yet
many women are lost to follow up for a number of social and eco-
nomic reasons. Furthermore, significantly lower antimalarial
IgG1 and CMR were observed in neonates born to HIV+ and
hypergammaglobulinemic mothers. Acquisition of IgG1 is
important for neonate health, because IgG1 is involved in com-
plement activation and efficient opsonization of infectious agents
in general [44].During the first 6 months of life, neonates synthe-
size low amounts of IgG1 and IgG2, and adult levels are attained

Table 2. Antibody Placental Transfer Reduction Due to HIV and Hypergammaglobulinemia

HIV Hypergammaglobulinemia

Regression Coefficient
(95% CI) Coefficient P R2 Model P

Regression Coefficient
(95% CI) Coefficient P R2 Model P

Cord Antibody Levelsa

IgG CSP −0.12 (−.39, .16) 0.4 0.62 0.0000 −0.42 (−.73, −.12) 0.0007 0.65 0.0000

IgG AMA-1 0.016 (−.17, .2) 0.85 0.85 0.0000 −0.09 (−.32, .13) 0.41 0.85 0.0000

IgG MSP-1 −0.54 (−.95, −.12) 0.01 0.68 0.0000 −0.36 (−.77, .06) 0.09 0.67 0.0000

IgG TTc −0.22 (−.51, .07) 0.13 0.63 0.0000 −0.23 (−.61, .16) 0.24 0.63 0.0000

IgG1 CSP −0.06 (−.27, .15) 0.55 0.74 0.0000 −0.09 (−.33, .16) 0.47 0.73 0.0000

IgG1 AMA-1 −0.21 (−.45, .02) 0.07 0.90 0.0000 −0.1 (−.33, .12) 0.37 0.89 0.0000

IgG1 MSP-1 −0.2 (−.55, .14) 0.24 0.79 0.0000 −0.4 (−.78, −.007) 0.046 0.80 0.0000

IgG1 TTc −0.29 (−.64, .05) 0.09 0.69 0.0000 −0.42 (−.89, .04) 0.07 0.70 0.0000

IgG3 CSP 0.08 (−.05, .23) 0.21 0.41 0.15 0.16 (−.06, .4) 0.15 0.44 0.19

IgG3 AMA-1 0.05 (−.26, .36) 0.76 0.90 0.0000 −0.1 (−.45, .24) 0.53 0.90 0.0000

IgG3 MSP-1 0.03 (−.46, .39) 0.88 0.70 0.0000 −0.51 (−.99, −.15) 0.044 0.72 0.0000

IgG3 TTc 0.01 (−.2, .23) 0.89 0.61 0.0000 −0.11 (−.31, .09) 0.29 0.66 0.0000

CMRb

IgG CSP −0.14 (−.37, .10) 0.25 0.23 0.012 −0.27 (−.51, −.02) 0.03 0.28 0.005

IgG AMA-1 −0.1 (−.22, .02) 0.09 0.12 0.47 −0.09 (−.21, .02) 0.1 0.11 0.06

IgG MSP-1 −0.24 (−.57, .09) 0.15 0.13 0.0009 −0.39 (−.66, −.13) 0.004 0.17 0.001

IgG TTc −0.15 (−.25, .56) 0.002 0.16 0.011 −0.15 (−.26, −.03) 0.012 0.51 0.03

IgG1 CSP −0.23 (−.41, −.06) 0.011 0.19 0.02 −0.25 (−.48, −.04) 0.02 0.2 0.02

IgG1 AMA-1 −0.13 (−.26, .004) 0.06 0.1 0.19 −0.11 (−.23, .007) 0.067 0.09 0.19

IgG1 MSP-1 −0.16 (−.46, .13) 0.27 0.11 0.016 −0.23 (−.53, .07) 0.13 0.14 0.01

IgG1 TTc −0.28 (−.43, −.13) 0.000 0.16 0.05 −0.23 (−.39, −.06) 0.007 0.12 0.05

P values that were <.05 are depicted in bold.

Abbreviations: AMA-1, apical merozoite antigen 1; CI, confidence intervals; CMR, cord-to-mother ratio; CSP, circumsporozoite protein; HIV, human immunodeficiency virus;
IgG, immunoglobulin G; MSP-1, merozoite surface protein 1; R2, model goodness of fit (coefficient of determination); TTc, tetanus toxoid C fragment.
a Linear regression models were adjusted for maternal (ln) antibody levels and placental malaria variables. Maternal factors (ie, age, gravidity, number of SP doses, bednet usage, anemia, and
placental weight) and neonatal factors (ie, gestation weeks, preterm birth status, birth weight, and low birth weight status) did not improve models.
b Linear regression models were adjusted for maternal age, low birth weight, and placental malaria variables. Maternal factors (ie, gravidity, number of SP doses, bednet usage, anemia, and
placental weight) and neonatal factors (ie, gestation weeks, preterm birth status, and birth weight) did not improve models.
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only by late childhood. Thus, maternally acquired IgG1 are key
for protection from infections during infancy, especially during
the first 3 to 6 months of life [44], and could leave HIV-exposed
infants at an increased risk of not only malaria but also other in-
fections [45]. Of interest, only a few mothers and neonates had
IgG3 to malaria antigens in this cohort, as previously described
elsewhere [29, 30].

Clinical implications of the results from the current study are
unclear, because data on malaria incidence during the first
6 months of life of HIV-exposed uninfected infants are contro-
versial [45–47]. It is not clear whether reduced antibody levels
in infants will have a biologically significant impact on inci-
dence of malaria. Naniche et al [48] demonstrated that HIV+
mothers have reduced antimalarial antibody levels; however,
in the adjusted models, HIV infection was not associated with
cord blood malaria infection. Moro et al [28] report that a 2-fold
increase in the CMR of antimalarial antibodies was significantly
associated with an increased risk of malaria at 2 months of life
[49]. However, it is not specified whether infants born to HIV+
mothers received cotrimoxazole prophylaxis or were exposed to
it through breastfeeding. Cotrimoxazole preventive therapy in
HIV-exposed infants reduces the risk of malaria infection be-
tween 6 and 36 weeks of age by 70% [50] and is currently a stan-
dard of care beginning 6th week of life. Thus, studies that
evaluate the impact of reduction in antimalarial antibody levels
in HIV-exposed infants on the risk of malaria infection will be
unethical to conduct.

CONCLUSIONS

Although current therapies to prevent malaria in HIV-exposed
neonates (including cotrimoxazole and ITN) are efficacious, pla-
centally transferred antibodies would continue to be important
when cotrimoxazole resistance emerges and insecticide resistance
spreads. In addition, lower antibody levels at birth could reduce
protection from malaria infection in utero, congenital malaria
and malaria during the first 6 weeks of life. Finally, lower levels
of maternal antimalarial antibodies at birth will have shorter an-
tibody half-lives during the first 6 months of life.

Supplementary Data
Supplementary material is available online at Open Forum Infectious Diseases
online (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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