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1 The Global Burden of Malaria

Each year, 40% of the world’s population is exposed to the risk of malaria infec-
tion. Approximately 500 million people suffer clinical disease episodes of malaria,
and around one million die from it. The greater part of the world’s malaria bur-
den falls on Africa, but recent analyses suggest the amount of malaria in Asia has
been underestimated (Snow et al., 2005). Five Plasmodium species infect humans:
P. falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi. The last, which is a
common parasite of monkeys, has only recently been described as a human pathogen
(Singh et al., 2004), but appears to be quite widespread in South East Asia. The
great majority of severe disease episodes and deaths are due to P. falciparum, but it
is becoming increasingly clear that P. vivax can also cause severe disease episodes
and deaths (Genton et al., 2008; Tjitra et al., 2008). The main presentations of severe
and life-threatening malaria are severe anaemia, cerebral malaria (unrouseable coma
associated with malaria infection) and respiratory distress. Most deaths occur in
young children, but pregnant women are also at particularly high risk, especially
when they have lower malaria immunity.

2 The Burden of Malaria in Pregnancy

Each year, over 50 million pregnancies occur in malaria-endemic areas, and many
pregnant women suffer effects of malaria in pregnancy. In Africa, around one in
four women have placental malaria infection at delivery (Desai et al., 2007). Malaria
contributes to maternal deaths, most often due to maternal anaemia. Estimates sug-
gest that 10,000 women die, each year, from severe anaemia due to malaria (Guyatt
and Snow, 2001). Low birth weight (LBW, < 2500 g) due to malaria is even more
common, with an estimated 600,000 babies born with LBW each year, and
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75,000-200,000 infant deaths ascribed to LBW consequent upon maternal malaria
(Steketee et al., 2001). Moreover, the long term effects of these in utero insults due
to malaria are unknown, and maternal malaria is likely to have effects on growth,
development and even risk of adult-onset diseases (Barker, 2006).

3 Malaria Species in Pregnancy

Of the five species, P. falciparum is the most widely studied, is more common in
pregnant than non-pregnant women, and is associated with adverse birth outcomes.
P, vivax, the second most prevalent infection, has been associated with LBW and
maternal anaemia in studies from India, Thailand and Indonesia (Nosten et al., 1999;
Poespoprodjo et al., 2008; Singh et al., 1999), but it is not clear whether it becomes
more common or severe in pregnancy. Of the different species, only P. falciparum
is known to sequester in the placenta, and this placental sequestration is believed
to be central to many of the manifestations of falciparum malaria in pregnancy. For
P. ovale, P. malariae and P. knowlesi, the risks and consequences of infection during
pregnancy are unknown.

4 Clinical Malaria in Pregnancy

In semi-immune adults, clinical disease from malaria is rare, and it has been thought
that pregnant women are similarly unlikely to be symptomatic from the infections
they carry. Two recent studies and some indirect data suggest this may not be the
case. Women in Mozambique and Ghana who were parasitaemic more frequently
had fever and other malaria symptoms, such as headache, dizziness and fatigue than
matched, aparasitemic women, but these symptoms had a poor predictive value for
malaria (Bardaji et al., 2008; Tagbor et al., 2008). In our Malawi studies, a history
of febrile symptoms in the preceding week was strongly associated with placen-
tal malaria at delivery (odds ratio (OR) 5.8, 95% confidence interval (CI) 3.4-9.7,
p <0.001). Whilst it has been recognized that non-immune women frequently have
symptoms (and sometimes severe disease) associated with malaria in pregnancy,
these recent studies suggest such symptoms are not uncommon in high transmission
areas, but warn that confirmation of infection is important to avoid inappropriate
treatment with antimalarials.

5 Timing of Infection

Most cohort and cross-sectional studies of parasite prevalence have tested for par-
asitaemia in mid to late pregnancy, or at delivery (reviewed in Desai et al., 2007),
in part because few women present in Africa to antenatal care before the second
trimester of pregnancy. However, a few studies have managed to examine women
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in first or early second trimester for parasitaemia, and compare parasite prevalence
across gestation. Interestingly, all studies show that the prevalence of infection is
highest in the late first or early second trimester, and falls over gestation, and this
seems to be the case regardless of transmission intensity and gravidity (Brabin,
1983; Brabin and Rogerson, 2001; Coulibaly et al., 2007). One possible explana-
tion is that immunity to malaria develops over the course of the pregnancy, helping
to suppress parasitaemia.

6 Susceptibility to Malaria in Pregnancy

There are a number of reasons why pregnant women may be at particular risk
for malaria (Table 1). They are more attractive to mosquitoes than non-pregnant
adults, probably because they exhale more carbon dioxide (Lindsay et al., 2000).
The altered immunological and hormonal environment in pregnancy predisposes
to a number of infectious diseases, such as listeriosis, CMV and hepatitis E (Hart,
1988). Malaria has been associated with elevated levels of corticosteroids in preg-
nancy (Vleugels et al., 1989), and other hormones have not been systematically
studied. It has been postulated that changes in the Th1/Th2 cytokine balance in
pregnancy predispose to malaria, while on the other hand malaria infection itself
induces active Thl and inflammatory cytokine responses (reviewed in Rogerson
et al., 2007). One particularly important factor in the predisposition to malaria is
the ability of P. falciparum-infected erythrocytes to sequester in the placenta. Such
infected erythrocytes express a unique subset of variant surface antigens, or VSAs
on their surface (Beeson et al., 1999; Maubert et al., 1999). As expression of these
VSAs is restricted to pregnancy, a woman who is pregnant for her first time has a
well-developed immunity to parasites expressing other VSAs, but lacks immunity to
pregnancy-specific VSAs expressed by placental parasites, which exploit this “hole”
in her existing immune response (Hviid, 2004).

Table 1 Reasons why pregnant women are at special risk of malaria

Increased susceptibility to mosquito bites
Altered cell mediated immunity in pregnancy
Hormonal changes associated with pregnancy
Placental sequestration of parasitized cells
Immune evasion by placental parasites

7 Gravidity and Age Influence Parasite Prevalence in Pregnancy

Women in their first pregnancy are at increased risk of malaria infection, and with
subsequent pregnancies, their predisposition decreases (Desai et al., 2007). The
intensity of malaria transmission may influence the rate of this decline (Fig. 1).
In a high-transmission area of Malawi, pregnant women were highly likely to
be parasitaemic at first antenatal clinic visit, and the rate fell quite steeply with
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Fig. 1 Rates of malaria parasitaemia among pregnant women at first antenatal visit in Mangochi
(black; high transmission) and Blantyre (white; moderate transmission), Malawi. Parasite rates
decline with gravidity, and do so from a higher base and with greater rapidity in the higher
transmission area. Adapted from Rogerson and Menendez, 2006 with permission of Expert Revi-
ews Ltd
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Fig.2 Age is a co-determinant of susceptibility to malaria in pregnancy. At first antenatal visit, the
proportion of multigravidae (MG) or primigravidae (PG) who were parasitaemic declined as mater-
nal age increased. A parasitaemic women are shown in (black), women with low grade parasitaemia
in (white), moderate in (stippled), high in (grey) and very high in (hatched lines). Moderate and
high density parasitaemia (stippled,grey or hatched sections) was uncommon among older women
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subsequent pregnancies. On the other hand, in Blantyre, lower malaria transmission
was associated with lower parasite prevalence in first pregnancy, and relatively little
decrease in prevalence with subsequent pregnancies, suggesting a slower acquisition
of pregnancy-specific immunity.

Gravidity undoubtedly influences protection from malaria, and development of
immunity to pregnancy-specific VSAs forms a key component of such protection.
Some epidemiological evidence suggests that non-pregnancy-specific immunity
may also be important. In Malawi, for example, we found that age was a more
important predictor of parasitaemia at antenatal booking than gravidity (Fig. 2), and
similar findings have been reported from Mozambique (Saute et al., 2002). While
immunity that controls malaria parasitaemia generally develops over the course
of childhood (Marsh and Kinyanjui, 2006), where malaria transmission is lower,
women may still be developing immunity against blood-stage infection in early
reproductive life. One important consequence of this is that adolescents in devel-
oping countries, who are at high risk of poor reproductive outcomes (Brabin, 2004),
may also be particularly likely to suffer from malaria in pregnancy.

8 Modelling Placental Malaria In Vitro

In vitro models of sequestration of infected erythrocytes have been in use for some
time. Chinese hamster ovary (CHO) cells express chondroitin sulphate A, and para-
sites “panned” on these cells adhered to CSA (Rogerson et al., 1995, Fig. 3). When
chondroitin sulphate A from animal sources, or extracted from placenta, is spotted
onto Petri dishes, parasitized cells from placenta adhere to the CSA (Fried et al.,
2006; Fried and Duffy, 1996). Frozen sections of placenta, the BeWO cell line and
in vitro-derived syncytiotrophoblast are also useful (Haase et al., 2006; Lucchi et al.,
2006). By using these tools, it has been demonstrated that parasitized cells panned

Fig. 3 Scanning electron
micrograph of parasitised
erythrocytes bound to
Chinese hamster ovary cells
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on CSA transcribe a var gene called var2sca, which encodes a protein on the surface
of the infected red cell that mediates adhesion to CSA. This protein is the main tar-
get of the protective antibody response directed against the infected red cell surface
(Duffy et al., 2005; Salanti et al., 2003). The parasite genome contains 60 var genes,
each encoding a different red cell surface protein, but when var2sca is knocked out,
parasites lose the ability to bind to CSA or to placenta (Duffy et al., 2006b; Viebig
et al., 2005; Yosaatmadja et al., 2008). Parasites extracted from the placenta gen-
erally transcribe var2sca at high levels (Duffy et al., 2006a; Tuikue Ndam et al.,
2005).

While expression of some other genes and proteins has been associated with
placental malaria (Francis et al., 2007; Tuikue Ndam et al., 2008), the importance
of these in sequestration or immunity is presently unclear.

Antibody immunity to parasite lines expressing the var2csa protein develops in a
gender- and parity-dependent manner, and in some studies, levels of antibodies have
been correlated with protection against adverse pregnancy outcomes (Duffy and
Fried, 2003; Staalsoe et al., 2004). Because the var2sca gene is the most highly con-
served of the var genes, and because it is an important target of immunity (Salanti
etal., 2004), there is significant interest in developing a vaccine based on the var2csa
protein. Identifying epitopes within the protein that are targets of protective immu-
nity, and determining the degree of polymorphism within var2csa in isolates from
different geographic regions are critical areas for future studies.

9 Placental Inflammation, Monocyte Infiltrates, and Pregnancy
Outcomes

Clinically, LBW due to malaria results from a combination of fetal growth restric-
tion and preterm delivery. In malaria-endemic Africa, the risk of LBW is approxi-
mately doubled by the presence of placental malaria, and this risk is highest in first
pregnancy (Brabin et al., 1999; Guyatt and Snow, 2004). Here, the burden is princi-
pally that of fetal growth restriction, and malaria may be responsible for up to 70%
of fetal growth restriction (Desai et al., 2007). Preterm delivery is more characteris-
tically a feature of malaria in low-transmission settings, but even in Africa it may be
responsible for over a third of premature deliveries (Desai et al., 2007). Given this
substantial contribution to poor pregnancy outcomes, what have we learnt about the
mechanisms underlying the development of LBW associated with malaria?
Placental histology studies have been very informative. Together with seques-
tration of infected erythrocytes in the placenta, there are often infiltrates of host
leukocytes in the intervillous space (the maternal circulation of the placenta —
Fig. 4). These cells are primarily monocytes and macrophages, with lymphocytes
and neutrophils to a lesser extent, and many of these macrophages contain hemo-
zoin, the by-product of the parasite’s digestion of hemoglobin (Walter et al., 1982).
Presence of hemozoin-laden macrophages correlates with low birth weight due to
fetal growth restriction, while the density of infected red cells sequestered in the
placenta correlates with pre-term delivery (Menendez et al., 2000; Rogerson et al.,
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Fig. 4 Placental pathology. (a) dense parasite sequestration (b) dense monocyte infiltrates (a)
haematoxylin and eosin (b) Giemsa; x 1000

2003b). This suggests two distinct pathophysiological mechanisms: acute events
leading to premature parturition associated with dense placental parasitization, and
more sub-acute or chronic events resulting in growth restriction.

Placental malaria is associated with release of inflammatory cytokines in the pla-
centa. Increased levels of mRNA or protein of the cytokines tumour necrosis factor
alpha, interferon gamma and interleukin 1 have been associated with malaria and
low birth weight in different studies (Fried et al., 1998; Moormann et al., 1999;
Rogerson et al., 2003a; Suguitan et al., 2003), and presumably, these cytokines
affect the normal growth and functioning of the placenta. These studies do not
yet reveal the events that interfere with fetal growth at the cellular level, or the
exact mechanisms by which malaria can lead to premature parturition, but overall
they suggest that placental accumulation of infected erythrocytes and inflamma-
tory cells, together with products released by those inflammatory cells, probably
have major effects on placental function, potentially interfering with successful
pregnancy progression and fetal growth.

10 Treating Malaria in Pregnancy

The systematic exclusion of pregnant women from drug trials means that there
is a profound lack of information regarding the safety, efficacy and dosing of
antimalarials in pregnancy. The choice of drugs to treat malaria in pregnancy
depends on the stage of the pregnancy, and the clinical state of the mother. When
a woman is severely ill, our priority is to save her life, and the best available treat-
ment is required. This means intravenous therapy with either quinine or artesunate
(Rogerson and Menendez, 2006). Present data do not show either to have a clear
advantage in pregnancy (Dondorp et al., 2005), and larger comparative studies are
needed. Quinine is classed by the FDA as a Class C drug, but hard evidence that it is
abortifacient is lacking (Phillips-Howard and Wood, 1996). Artesunate is associated
with fetal resorption and congenital defects in rodents when used in early pregnancy
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(Clark et al., 2004), but similar defects are not reported in humans (Ward, 2007). The
pregnancy should be followed to term, and the outcome carefully documented.

For uncomplicated malarial illness, the choice of treatment depends on
the trimester. During the first trimester, quinine, mefloquine and (for vivax
malaria) chloroquine are all reportedly safe, whereas in the second and third
trimesters sulphadoxine-pyrimethamine (SP) has been widely used. Artemisinins
and artemisinin combination treatments, such as Coartem and dihydroartemisinin-
piperaquine (Artekin) also can be used, with similar caveats about documenting
pregnancy outcome to intravenous artesunate. For almost of these drugs there is a
major lack of pharmacokinetic data; however, available data suggest dose modifica-
tion may be required to achieve adequate therapeutic levels in pregnancy (Green
et al.,, 2007; Ward et al., 2007). Such dose-modification studies have recently
begun under the auspices of the Malaria in Pregnancy Consortium (wWww.mip-
consortium.org).

11 Intermittent Preventive Treatment in Pregnancy

Intermittent preventive treatment in pregnancy, or IPTp, is the delivery of treat-
ment doses of an antimalarial, at specified times, regardless of the presence of
symptoms or infection. Based on studies from the 1980s and 1990s, the World
Health Organization recommends at least two doses of an appropriate drug, at
least a month apart, starting after quickening (when the mother detects fetal move-
ments). A Cochrane review showed an increase in birth weight of 126 g among
women receiving IPTp, compared to controls (Garner and Gulmezoglu, 2006).
Presently, SP is the only proven safe effective drug in Africa, but neither the
optimal number of doses, especially in women with HIV co-infection, who may
require more than two doses (Parise et al., 1998), nor the appropriate dose for
pregnant women (Green et al., 2007) are fully resolved. It is important that an
IPTp policy using SP or other agents is properly implemented. When we com-
pared women who went to ANC and did, or did not, receive IPTp doses, women
who received the recommended two doses had a reduction of >50% in their preva-
lence of LBW babies, as well as reductions in anaemia and parasitaemia at delivery
(Rogerson et al., 2000) (Fig. 5).

SP resistance is now common in much of Africa, and rates of parasitological
treatment failure in children vary widely across the continent. Because pregnant
women are semi-immune to malaria, it is less clear that SP resistance translates into
loss of protection against pregnancy malaria, and a recent meta-analysis suggests
that SP maintains its utility in pregnant women, up to moderately high levels of
resistance (ter Kuile et al., 2007). If high-level resistance to SP emerges in Africa,
as it did in Asia, it is probable that SP will have little role in the prevention of
malaria in pregnancy, so a number of new drugs, including Artekin, mefloquine
and artesunate, and SP plus azithromycin, are entering IPTp studies as part of the
Malaria in Pregnancy Consortium’s activities.
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Fig. 5 Effectiveness of SP in Malawi, 1997-1999, by SP doses: 0, black; 1, white; 2 or more,
grey. Among women who had attended antenatal clinic, and had opportunities to receive SP, those
who were given 2 doses of SP had lower prevalences of low birth weight (2LBW), Hb < 11.0 g/dl
(%anaemia) and placental parasitaemia (%Placenta +) than those who received 1 or O doses of SP

12 Malaria in the Newborn: Congenital Malaria

Congenital malaria is usually defined as peripheral blood parasites in the new-
born within the first seven days of life — or longer, if no exposure to infected
mosquitoes is possible (Menendez and Mayor, 2007). (The minimum time from an
infected bite to parasitaemia is 7-8 days.) Cord blood parasites are quite frequently
detected at delivery in endemic areas (Fischer, 2003; Menendez and Mayor, 2007),
and detection rates are higher when sensitive PCR approaches are used (Tobian
et al., 2000). Interestingly, a significant proportion of cord blood parasites appears
to be acquired antenatally (Malhotra et al., 2006), although transmission at delivery
also occurs.

Congenital malaria illness is more common in children of non-immune moth-
ers. It usually presents at 2—-6 weeks of age, with combinations of fever, hep-
atosplenomegaly, irritability, jaundice and/or anaemia. Congenital syphilis is an
important differential diagnosis, and early presentations may resemble neonatal sep-
sis (Lesko et al., 2007; Menendez and Mayor, 2007). In the US, most cases are
associated with P. vivax infection, reflecting the fact that many maternal infections
are acquired in Latin America where P vivax predominates (Lesko et al., 2007).
Treatment of congenital infections is with quinine for P. falciparum and chloro-
quine for P. vivax. Primaquine (used to eliminate liver stage P. vivax infections) is
not required, because only blood-stage infection occurs.
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13 Malaria Antibody in Neonates

In areas of high malaria transmission, not only is symptomatic congenital malaria
quite uncommon, but clinical disease is also unusual in the first few months
of life. A number of explanations have been proposed, including swaddling of
infants (decreasing exposure to mosquitoes), parasites’ inability to metabolise fetal
haemoglobin effectively, and the lack of para-aminobenzoic acid (an important
metabolic substrate) in breast milk (Riley et al., 2001). The relative protection
from disease among infants of exposed mothers is more probably explained by the
transplacental transfer of antimalarial antibodies to the fetus (Hviid and Staalsoe,
2004; Riley et al., 2001). As passively acquired IgG is catabolized and levels wane,
the infant becomes more susceptible to malaria.

14 Malaria in the First Year of Life

In very young infants, asymptomatic infections may occur, and may persist for long
periods, presumably contributing to early development of active immunity. Clinical
studies attempting to relate placental malaria and risk of infant infections have led to
somewhat confusing results. In Senegal, cord blood antibody to isolates that infect
the placenta (which may not be able to sequester and survive in the baby) was
associated with earlier and higher density infection in the infant, and in Cameroon,
placental malaria was associated with parasitaemia until 6 months of age (Le Hesran
et al., 1997). In Tanzania, there appeared to be an important interaction between
gravidity and an infant’s susceptibility to malaria. Whereas first time mothers are at
highest risk of parasitaemia, it was the infants of multigravid women with placental
infection who were at highest risk of infection in the first year of life (Mutabingwa
et al., 2005).

15 Future Prospects

To prevent malaria in pregnancy, and especially to minimize more effectively its
impact on young, first-time mothers and their newborns, we require improved cov-
erage with existing interventions, such as bed nets and effective drugs for IPTp.
The doses of such drugs may need to be modified for pregnant women, to ensure
safe, therapeutic levels. A number of new antimalarials have entered clinical use
in recent years, or will soon be introduced, and we need to evaluate carefully their
safety and efficacy in pregnant women. Vaccines may have a role to play in protect-
ing against malaria in pregnancy. Vaccines targeting pre-erythrocytic antigens (such
as the RTS,S vaccine, or attenuated whole sporozoites) or conserved merozoite anti-
gens could decrease malaria in any at-risk group, while a specific vaccine targeting
the var2csa protein may have a specific niche in protecting pregnant women from
malaria. Improvements in detecting newborns at risk of malaria in utero and after
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delivery may decrease the burden of morbidity and mortality in the offspring of
malaria-exposed pregnant women.
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