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Abstract  Studies in Cameroon have contributed to our knowledge of malaria in preg-
nant women, but much remains to be learned. As demonstrated in other
African countries, the prevalence of P. falciparum in rural villages is higher in
primigravidae than multigravidae. In Yaounde, however, age as well as
parity is a significant risk factor for infection. The true prevalence of P.
falciparum infections in pregnant women is difficult to assess, since porasites
often sequester in the placenta but are not detected in the peripheral blood.
At term, one out of every five Cameroonian women who had parasites
sequestered in the placenta was found to be blood-smear negative. Thus,
prevalence of malaria is under reported. Immunological studies in Cameroon
have investigated the down-regulation of T cell responses, cytokine imbal-
ance in the placenta, antibodies to various malarial antigens (age-depen-
dent immunity), and antibodies that inhibit the sequestration of parasitized
erythrocytes in the placenta (pregnancy-associated immunity). Results from
these studies may aid in the development of a vaccine of use in women of
children-bearing age. Due to parasite-drug resistance to chloroquine,
Cameroon recently adopted intermittent preventive therapy (IPT) using
sulfadoxine-pyrimethamine, but the efficacy of IPT needs to be evaluated.

Resume La recherche au Cameroun a contribué & une meilleure compréhension du
paludisme chez la femme enceinte, cependant beaucoup reste encore &
étudier. Comme démontrée dans d’autres pays africains, la prévalence de P.
falciparum est plus élevée chez les primigestes que chez les multigestes. Toute
fois & Yaoundé I'dge aussi bien que la parité constitfue un facteur de risque
significatif pour Pinfection. La prévalence exacte de l'infection & P. falciparum
chez les femmes enceintes est difficilement appréciable puisque le parasite
souvent séquestré dans le placenta n'est pas détectable dans le sang
périphérique. A terme, une femme camerounaise sur cing ayant présenté une
parasitémie placentaire a montré un frottis sanguin négatif. Ainsi donc la
prévalence du paludisme est sous rapportée. Les études immunologiques
menées au Cameroun ont examinées la rétro-régulation des réponses des
cellules T, le rapport des cytokines dans le placentq, les anticorps aux
différents antigénes malariques (immunité dépendant de I'ége) les anticorps
inhibant la séquestration des érythrocytes parasités dans le placenta
(immunité associée & la grossesse). Les résultats de ces études peuvent aider
dans le développement d'un vaccin qui sera utilisé chez les femmes en &ge
de procréer. Suite & la résistance du parasite & la chloroquine, le Cameroun
a récemment adopté une thérapie préventive intermittente (TP} utilisant la
Sulfadoxine-pyrimethamine mais 'efficacité de TPl a besoin d’étre évaluée.
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During pregnancy, Plasmodium falciparum infections cause major health prob-
lems for Cameroonian women and their newborns. Problems encountered
during pregnancy are similar to those in other sub-Saharan countries where
transmission is perennial. Malaria increases the risk of maternal anemia and
low birth weight (LBW)} babies due to intrauterine growth reduction (IUGR)
and preterm delivery {PTD) in woman (Tako, et al. 2005). Although the level
of transmission differs during the two rainy and two dry seasons, Cameroonian
women are exposed to malaria throughout pregnancy. It is estimated that in
Yaoundé, the capital of Cameroon, individuals receive ~ 13 infectious bites
per year (Mangaq, et al. 1992; Fondjo, et al. 1992), whereas in many rural
villages individuals may receive over 600 infectious bites annually {Carnevale,
et al. 1992; Robert, Le Goff et al. 1993; Manga, et al. 1995; Meunier, et al.
1999). Despite the severity of the problem, only recently has research on
malaria in pregnant women been intensified in Cameroon.

Based on detection of parasites in peripheral blood smears, the prevalence
of asymptomatic malaria is higher in pregnant compared to non-pregnant
Cameroonian women. For example in 1992 in Yaoundé, 45% of pregnant
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Figure 2: Prevalence of
malaria in pregnant
women in the city of

Yaounde and the peri-
urban village of Etoa. The
prevalence of malaria
peaks around the 4"
month of gestation. Num-
bers next to the data
points represent the
number of women exam-
ined. Reprinted with
permission from the
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women compared to 34% of non-pregnant were slide-positive for P.
falcipaprm (Mvondo, et al. 1992) and in 1995 in the village of Ebolowa in
southern Cameroon a higher prevalence of malaria infection in pregnant
women was reported (Fievet, et al. 1995). More recently, Achidi et al. (2005)
reported a prevalence of 44.5% in pregnant women in SW Cameroon, with
women in Mutenguene more likely to be infected than those living in Buea
which is located at a higher altitude (Achidi, et al. 2005).

As expected, the prevalence of malaria in primigravidae is higher than in
multigravidae, but age is also a maojor factor in Cameroon. Based on longitu-
dinal studies in the peri-urban village of Etoa, malaria prevalence decreased
with gravidity from 76% in primigravidae to 40% in women with 23 preg-
nancies (multigravidae). However, this decrease was only seen in women
<20 years of age and a similar decline with gravidity was not seen in the city
of Yaoundé. At both sites, women <20 years of age were at a higher risk of
malaria infection regardless of stage of pregnancy and parity (Zhou, et al.
2002). In subsequent studies conducted at term between 1996-2001 in
Yaoundé, the presence of both peripheral blood and placental parasites
were found to decrease with-age (Fig. 3). Thus, both age and gravidity are
important risk factors in Cameroon. As reported in other African countries,
the prevalence of asymptomatic malaria is highest during the fourth month of
pregnancy (Fig. 2) ({Zhou, et al. 2002). At term, 19.9% of women in Yaoundé
(1998-2001] (Tako, et al. 2005) and 33.7% in SW Cameroon (1999-2001)
(Achidi, et al. 2005) had placental infections, with the prevaience being higher
in primigravidae,

Data based on blood smears is most likely an underestimate of prevalence,
because parasites often sequester in the placenta but remain below detect-
able levels in the peripheral blood. For example, Leke et al. {1999) showed
that ot delivery 20.1% of women with placental malaria were blood smear
negative. Thus, it is likely that one out of every 5 Cameroonian women with
placental parasites is misdiagnosed as malaria negative. Studies showed
that among women who were peripheral blood smear negative but had pla-
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cental parasites, 88% had detectable levels of PfHRP-2 in their peripheral
circulation. Thus, commercially chromatographic strip tests improve diagnosis
during pregnancy (Leke, et al. 1999).

Using a PCR-detection of the gene for ribosomal RNA, Walker-Abbey ef al.
(2005) reported that 82.4% of women in Yaoundé were infected with P.
falciparum at term; 7.5% had P. malarice and 2.5% P. ovale. Based on
genotyping for polymorphisms in mspl and msp2, women in Yaoundé have
an average of 3.4 parasite genotypes in their peripheral (range 0-9) and
placental (range 0-8) blood at delivery. Thus, even under low transmission
conditions, most pregnant Cameroonian women become infected with ma-
laria.

Throughout sub-Saharan Africa, P. folciparum is a significant risk factor for
maternal anemia and LBW babies. In a study conducted in Yaoundé be-
tween 1996 and 2001, 47.3% of primigravidae were found to be anemic at
delivery ond 16.4% of women had LBW babies {Tako, et al. 2005). The
highest prevalence of LBW babies was in primigravidae and those <20 years
of age with placental malaria. The major risk factor for LBW babies was first
and second pregnancies, whereas the major risk for PTD was anemia (Tako,
et al. 2005). Overall, 69.6% of pregnant women in Buea were anemic at
delivery with 4.3% having severe anemia (Achidi, et al. 2005). Surprisingly,
hemoglobin levels were higher in primigravidae than multigravidae and ane-
mia was more common in primigravidae who were malaria negative.

Since antibodies (Ab) play an important role in immunity to malaria, several
studies have measured changes in Ab titers in pregnant women. In early
1990’s, Mvondo et al. monitored IgG to the circumsporozoite protein (CSP)
and the ring-infected erythrocyte surface antigen (RESA) in pregnant and
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non-pregnant women living in Yaoundé (Mvondo, et al. 1992). No differ-
ences in Ab to CSP were found, but Ab to RESA were lower in pregnant
women. Anti-RESA titers were also significantly lower in primigravidae com-
pared multigravidae and inversely correlated with peripheral parasitemias.
Thus, Ab to RESA might contribute to protection from infection in pregnant
women {Mvondo, et al. 1992). However, in southern Cameroon Fievet et al.
(1995) found similar Ab titers in pregnant and non-pregnant primigravidae
to RESA and extracts of sexual and gametocyte stage parasites in (Fievet, et
al. 1995). Subsequently, they reported Ab levels to RESA were actually
higher in primigravidae during pregnancy than after delivery (Fievet, et al.
1997), suggesting they may not be protective. The difference in results could
be due to varying rates of transmission and assay techniques.

Ab titers to CSP, liver-stage antigen 1 (LSA1), RESA, and the 19 kDa C-termi-
nal sequence of merozoite-surface antigen 1 (MSP1-19) were determined
for women in Yaoundé with and without placental malaria at delivery (Taylor,
et al. 2004). Absence of Ab to MSP1-19, but not the other antigens, was
associated with a significantly increased risk of placental malaria. Results
from studies on anti-var Ab are discussed below.

Cell-Mediate Immune Peripheral blood mononuciear cells (MNC) from Cameroonian primigravidae
Responses to Malaria in  women living in Ebolowa had a reduced proliferative responses in vitro com-
Pregnant Women pared to non-pregnant woman when their MNC were cultured with extracts
of schizonts and gametocytes (Fievet, et al. 1995). MNC collected at deliv-
ery also showed a decreased proliferative response following stimulation
with MSP-1 and a schizont extract compared to MNC collected three months
postpartum. Interestingly, when cells were cultured with two different lines of
P. falciparum, the response fo the strain that adheres to CSA in the placenta
(see below) induced proliferation in a parity-dependent manner (Fievet, et
al. 2002). MNC from pregnant and non-pregnant women secreted equiva-
lent amounts of IL-4 and INF?, but the IL-2 to RESA was reduced (Fievet, et al.
1995). MNC obtained ot delivery resulted in more INF2 than IL-4 production
(Achidi, et al. 2005). These data suggest that pregnant Cameroonian women
can produce Thl-type responses to malaria.

Placental Malaria and  Macrophages accumulate in the placenta in response to the presence of

Cytokine Production malarial parasites (Ordi, et al. 1998; Ordi, et al. 2001; Imamura, et al. 2002;
Chaisavaneeyakorn, et al. 2002; Abrams, et al. 2003; Chaisavaneeyakorn,
et al. 2005). Recently, maternal leukocytes in the intervillous space (IVS) of
Cameroonian placentas were found to secrete large amounts of the 2-
chemokines MCP-1, MIP-10, MIP-1[3, and IP-10 (Suguitan, et al. 2003). These
chemokines are chemotactic for marcophages and most likely contribute to
macrophage accumulation in the IVS. The presence of parasites in the pla-
centa also alters the cytokine balonce in the IVS. Both maternal leukocytes
and fetal villous tissue secrete cytokines in response to malaria {Fievet, et al.
2001; Suguitan, et al. 2003). Maternal cells secrete TNFQL, INFY, and IL-10 in
response to P. falciparum, whereas fetal tissues secrete IL-6, IL-10,, GM-CSF,
TGF-P ( Fievet, et al. 2001; Suguitan, et al. 2003) and IL-10 (Suguitan, et al.
2003).
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Suguitan et al. compared cytokine concentrations in placentas of women who
had preterm (PT) and full term (FT] deliveries (Suguitan, et al. 2003). No
difference in TNFQ(, INFY, IL-4 and IL-10 were found between malaria nega-
tive women with PT and FT deliveries, however, the concentrations of TNFQ
and IL-10 were significantly elevated in malaria-positive women with PTD
compared to malaria-positive women with FTD. Parasitemias greater than
1.0%, maternal anemiq, elevated levels of IL-10, and low TNFQu:IL-10 ratios
were significant risk factors for PTD. After adjusting for other covariates,
however, only maternal anemia was a significant factor for PTD in Cameroonian
women living in Yaoundé (Suguitan, et al. 2003).

Parasites sequestered in the IVS have a unique phenotype that allows them
to bind to chondroitin sulfate A {CSA) expressed by trophoblasts (Fried and
Duffy 1996). Studies in Cameroon demonstrated that the level of sulfation
of placental CSA changes during gestation (Agbor-Enoh, et al. 2003}, but
sequestered parasites are able to bind to cll forms expressed throughout
gestation. Parasite sequestration has been studied by several groups in
Cameroon. Maubert et al. (1998) demonstrated that parasitized erythro-
cytes from the peripheral and placental blood of Cameroonion women did
not form rosettes, whereas parasites from non-pregnant individuals did. They
also demonstrated that parasites isolated from the placentas of women in
Yaoundé bind to trophoblasts in vitro via CSA (Maubert, et al. 2000). These
parasites were later shown to express the variant {var} gene encoding the
Duffy-binding-like domain (DBL) -y (Khattab, et al. 2003).

Women in Yooundé acquire Ab that block the binding of parcsitized erythro-
cytes to CSA in a parity-dependent manner {O'Neil-Dunne, et al. 2001). These
Ab are acquired as early as 12 weeks in multigravidae, whereas primigravidae
do not develop inhibitory Ab until ~2 months later (O'Neil-Dunne, et al. 2001).
The presence of Ab that inhibit sequestration are dependent on the ende-
micity of malaria, are less prevalent in women who take prophylaxis, and
decline during the postpartum period {Staalsoe, et al. 2001). The predomi-
nant Ab response is IgG1 with some IgG3 (Megnekou, et al. 2005).

The severe effects of malaria during pregnancy can be prevented by pro-
phylaxis. In 1995, chloroquine prophylaxis was reported to increase infant
birth weigh and lower the percentage of LBW babies in Cameroon {Cot, et
al. 1995). Data collected in the late 1990’s showed that women who did not
take chloroquine were at an increased risk of malarier {Zhou, et al. 2002).
However, by the late 1990’s drug resistance to chloroquine became exten-
sive, Lemardely et al. (1997) found no difference in the prevalence of ma-
laria in women in Yaoundé who took chloroquine and those who did not. The
emergence of chloroquine resistance led Cameroon to adopt intermittent
preventive treatment using sulfadoxine-pyrimethamine in early 2004, The
efficiency of IPT in central African countries has not been evaluated.
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