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Abstract

Malaria infection during pregnancy results in paoaternal and foetal outcomes, especially
maternal anaemia and low birth weight infant. Angerasults from depletion of erythrocytes which
are attacked by the malaria parasites. Low birtightes primarily a consequence of intrauterine
growth restriction (IUGR). The pathologic disarray placental basal structure following intense
infiltration of leucocytes into the placenta is kmoto mediate IUGR. Identifying other pathogenic
factors which may be present would greatly imprtheintervention strategies.

In this review, the burden of malaria infection amdlaria in pregnancy (MIP), histological and
pathologic changes in parasitized placenta ancegtion against MiP are discussed with reference
to infection withPlasmodium falciparum. The level of utilization of intervention measuréee need
for urgent assessment of new anti-malarial drugg. (@rtemisinin-based combination therapies,
ACTs) in pregnancy and the problem posed by podecten of placental parasitaemia are

highlighted.

Key words: anaemia, intrauterine growth restriction, low binteight, malariaPlasmodium

falciparum.

INTRODUCTION

Malaria is one of the infectious
diseases of clinical importance,
particularly in sub-Saharan Africa. It is
caused by infection of erythrocytes
with protozoan parasites of the genus
plasmodium. The four Plasmodial
species capable of causing infection in
humans aré. falciparum, P. vivax, P.
ovale and P. malariae. Rarely,
infection with monkey malaria
parasite, P. knowless may occur
(WHO, 2006)]. In this review, the
burden of malaria, malaria in
pregnancy, placental malaria,
histological and pathologic changes in

discussed with reference to infection
with Plasmodium falciparum.

Diagnosis of malaria in pregnancy is
usually underestimated, because of
parasite sequestration in the
developing placenta, thus resulting in
low peripheral parasitaemia
(Mockenhauptet al, 2002). Placental
malaria (PM) resulting from heavy
accumulation of parasites in the
placenta accounts for poor pregnancy
outcomes seen in PM-positive mothers.
Malaria is known to be associated with
acquired immunity; thus young
children are more susceptible to
malaria infection than adults (Takb
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al, 2005). Pregnancy tends to increase
this susceptibility to malaria Gillest

al, 1969), with primigravidae
experiencing most severe
complications (Brabin, 1991). Some of
the components of acquired immunity

to malaria infection have been
identified.

Malaria Infection

Malaria is a major public health

problem in Africa, where up to 45
countries are tagged as malaria-
endemic and about 588 million people
are at risk of the disease (WHO, 2008).
Infection with P. falciparum gives the
most severe form of malaria disease.
The level of transmission in an area is
determined by the annual
entomological inoculation rate (EIR),
defined as the number of inoculations
of malaria parasites received by one
person in one year (WHO, 2006).
Malaria-endemic areas or areas of high
malaria transmission have EIR values
> 10/year while areas of low malaria
transmission or areas of unstable
malaria transmission have EIR <
5/year [1]. EIR as high as 500 — 1000
can be reached in a few parts of
tropical Africa (Hary et al, 2000).
Adults living in malaria-endemic areas
acquire partial immunity to malaria
due to series of exposure to the parasite
during childhood (Baird, 1995; Jensen,
et al, 2004), and as such they do not
experience acute clinical malaria.
Consequently, in malaria-endemic
areas, only young children who have
not substantially developed sufficient
immunity suffer from an acute
manifestation of malaria. Lack of
immunity is also seen in people (both
adults and children) living in areas of
low malaria transmission and they
have a high risk of progression to
severe malaria if untreated (WHO,
2006).

Adults living in malaria-endemic areas
have self-limiting clinical symptoms of
malaria, and treatment with partially-
effective antimalarial drugs

paradoxically = appears clinically
effective, whereas the use of such
ineffective drugs in young children
may be fatal (WHO,2006).

The rapid emergence of parasite
resistance to existing anti-malarial
drugs constitutes a great problem in the
management of malaria infection.
Resistance to anti-malarials as defined
by WHO is “the ability of a parasite
strain to survive and/or multiply
despite the administration and
absorption of a medicine given in
doses equal to — or higher than — those
usually recommended but within the
tolerance of the subject, with the
caveat that the form of the drug active
against the parasite must be able to
gain access to the parasite or the
infected red blood cell for the duration
of the time necessary for its normal
action” (WHO, 2006).

Delayed and/or ineffective treatment of
falciparum malaria causes
overwhelming increase in parasite
density and severe malaria may ensue.
Symptoms of severe malaria include
cerebral malaria, metabolic acidosis,
hypoglycaemia, severe anaemia, and
acute renal failure or acute pulmonary
oedema in adults (WHO, 2006).
Jaundice and respiratory distress are
also seen in severe malaria in children.
Uncomplicated malaria is a
symptomatic infection with malaria
parasitemia but without signs of
severity and/or evidence of vital organ
dysfunction (WHO, 2006).Several
studies have reported that the severity
of falciparum malaria is due to
accumulation of falciparum-infected
erythrocytes (IEs) in the micro
vascular capillaries of vital organs
whereby the parasite avoids immune
mechanisms present in the spleen
(Macphersoret al, 1985; Pongponratn
et al, 1991). This constitutes, in part, to
the virulent factor of the parasite.
Adults in malaria-endemic areas often
have asymptomatic malaria infection
which  might be contributory to
frequent misdiagnosis of the disease.
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In addition to lack of natural immunity
in children, malaria infection in this
group is made worse by resetting and
cytoadherence, which largely
contributes to the severe form of
malaria (Macphersonet al, 1985;
Wabhigren et al, 1994). Clinical
diagnostic approach alone often results
in over diagnosis of malaria, due to its
non-specificity. Need, therefore, arises
for parasite-based diagnosis in patients
with clinical suspicion of malaria.

Malaria In Pregnancy

In Africa, 42% of women have malaria
at some point during their pregnancy
[ter Kuile et al, 2004]. The severe
manifestation of malaria in pregnancy
IS due to the accumulation of
trophozoite- or  schizont-infected
erythrocytes (IEs) in the placenta
(Bulmer et al, 1993; Beesonet al,
2002). This causes maternal anaemia,
low birth weight (LBW) and increased
perinatal and infant mortality in
supposedly clinically immune women
living in malaria-endemic areas
(Brabin, 1983; Steketeet al, 2001).
Gametocytes are rarely found in
placenta (Desowitz and Buchbinder,
1992). It is estimated that malaria
infection during pregnancy accounts
for low birth weight (birth weight less
than 2500 g) in 75,000 — 200,000
newborns yearly (Stekete al, 2001)
and severe anaemia in 400,000 women,
of whom an estimated 10,000 may die
directly of anaemia (Guyatt and Snow,
2001). In Nigeria, 11 % of maternal
deaths are attributed to malaria
(FMoH, 2000).

Malaria in pregnancy is associated
with certain levels of acquired
immunity. The acquisition of this anti-
disease immunity contributes to the
asymptomatic nature of malaria in
pregnancy in endemic areas (Staalsoe
et al, 2001). An important component
of the acquired immunity seems to be
due to production of anti-IE adhesive
antibodies, which inhibit the adhesion
of IEs to the placental receptors.

Presence of these inhibitory antibodies
is pregnancy- associated and gravidity-
dependent, such that primigravidae
exhibit the least immunity and are at
higher risk of placental parasitemia
than are multigravidae (Maubest al,

1999; Rickeet al, 2000). Similarly,

young women of child-bearing age
may also be more susceptible to
malaria than older women because
they are still in the process of acquiring

immunity. In a report by O’Neil-
Dunne e al. (2001) it was
demonstrated that a majority of

pregnant women irrespective of gravity
lack anti-adhesive antibodies prior to
first trimester. However, the antibodies
levels in both multigravidae and
primigravidae increase incessantly
from 12 weeks and 20 weeks
respectively, then reaching similar
levels at term (O’Neil-Dunnest al.
2001). The reported greater
susceptibility to placental infection in
primigravidae than in the
multigravidae may probably result
from the lag in antibody production in
the former. The period of onset of
pregnancy-associated immune
response in both groups of women
correlates with the peak prevalence of
P. falciparum infection in placenta
(O’'Neil-Dunneet al. 2001). This view
was supported in a later study by
Jauniauxet al. (2003), which reported
onset of placental blood flow at 10 —
12 weeks of gestation (O’Neil-dunee

al, 2001). Thus, sequestration in the
placenta of IEs might likely not occur
prior to 10 — 12 weeks of gestation.
Although malaria in pregnancy
commonly manifests with febrile
symptoms; however, these symptoms
have poor prognostic importance for
malaria, thus prompting the need for
parasite-based diagnostic tests. The
diagnosis of pregnancy-associated
malaria is usually delayed and there
are insufficient data on safety profile
of effective anti-malarial drugs in
pregnancy. Consequently, the
protection of pregnant women residing
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in endemic areas remains a challenge
for national malaria control
programmes.

Placental Malaria

An approximate 25 million pregnant
women living in sub-Saharan Africa
are at risk ofP. falciparum infection
every year, and one in four women has
evidence of placental infection at the
time of delivery (Desaket al, 2007).
Placental malaria (PM) is often
characterized by poor pregnancy
outcomes — maternal morbidity, low
birth weight, and preterm delivery
(Menendezet al, 2000; Sullivanet al,

1999). Upon invasion of human
erythrocytes, the parasite inserts its
antigenic  protein in  knob-like

protrusions present on the surfaces of
the cells (Aikawaet al, 1983). PM
ensues due to the accumulation in the
placenta of these infected erythrocytes
(IEs). The IEs bind tenaciously to
placental receptors called Chondroitin
Sulphate A and hyaluronic acid
molecules located on the
syncytiotrophoblast lining of the
placenta or may adhere to secreted
Chondroitin Sulphate A (CSA) in the
intervillous space (Friect al, 1996;
Beesoret al, 1999; Beesoet al, 2000;
Muthusamyet al, 2004). The binding
is facilitated via the antigenic parasite
ligand calledP. falciparum erythrocyte
membrane protein | (PfEMPI)
(Newbold et al, 1997; Reedert al,
1999). Cytoadherence to the placental
adhesive molecules is specific for
parasitized cells and maximal adhesion
to hyaluronic acid (HA) has been
shown to occur at physiologic pH of
7.2 — 7.6 (Beesomt al, 2000); while
placental Chondroitin Sulphate
proteoglycan (CSPG) is saturable at
coating concentration of 100 — 200 ng
of CSPG/mI (Achuret al, 2000). The
cytoadherence of IEs may result in
capillary obstruction and induction of
pro-inflammatory cytokines in
response to harmful parasite factors
resulting in tissue damage and clinical

manifestation (Newboldet al, 1997,
Miller et al, 1994). The findings of
Friedet al. (1998) showed an elevation
of T-cell derived cytokines— IFN-
gamma and TNF-alpha in PM, and an
association between the cytokines and
poor pregnancy outcomes.

However, these cytokines were
reported as a component of immune
responses as they occurred at a higher

level in uninfected placentae from
multigravidae than in infected
placentae (Mooret al, 1999).

Leucocytes infiltration (mostly

mononuclear cells) of the intervillous
spaces, mediated by chemoattractant
proteins occurs in response to the
inflammatory processes (Ordit al,
1998). In their study, Abramst al.
(2003) reported that three beta
chemokines namely macrophage-
inflammatory protein 1 (MIP-1) alpha,
monocyte chemoattractant protein 1
(MCP-1) and 1-309, and one alpha

chemokine interleukin (IL) -8 are
associated with malaria infection
during pregnancy. The intense
infiltration of the villous
cytotrophoblastic cells in heavily
parasitized placenta usually is

associated with irregular thickening of
the trophoblastic basement (Galbraith
et al, 1980) or ‘massive chronic
intervillousitis (Ordi et al, 1998).
Bulmer et al. (1993 a&b) in two
separate studies had earlier delineated
the histopathologic changes of
parasitized placenta, including increase
in the number of cytotrophoblastic
cells, syncytiotrophoblastic necrosis at
localized sites, thickening of the
trophoblastic membrane in an irregular
fashion and reduction in syncytium.
These structural alterations could
interfere with the normal physiologic
materno-foetal transfer of molecules
such as antibodies and oxygen.

The changes probably affect the
receptors for the immunoglobulin (Ig)
G present on the syncytiotrophoblast
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and which mediate the transfer of the
IgG across the placenta (Sai al,
1999). In another study, Okokat al.
(2001) reported that the transfer of
antibodies against herpes simplex virus
type 1 (HSV-1), respiratory syncytial
virus (RSV) and varicella zoster virus
(VZV) and transfer of IgG 1 and IgG 2

parasitized placenta. Similar
impairment in antibody transfer had
earlier been reported with the transfer
of tetanus toxoid antibody (Braét al,
1994). The ‘victim’ of impairment of
these essential molecules, the foetus, is
then left unprotected and susceptible to
infectious diseases including malaria.

were  significantly impaired in
Sequence of pathologic changes in malaria-endemic area
P. falciparum infection (often asymptomatic) —> Anaemia

\

Placental sequestration

| N

Maternal moidlity mortality

Leucocytes infiltration (Inflammatory responses)

N

Altered Placental integrity (Increased numiderytotrophoblastic cells,
Thickening of trophoblastic membrane, Localize

W

necrosis, Reduction in syncytial space)

Reduced Nutrients and Oxygen Transfer

N

Low Birth Weight (IUGR)

|

In placental malaria, there is selective
accumulation oP. falciparum IEs that
express an antigenically distinct form
of PfEMPI (Fried et al, 1996), not
encountered during childhood disease
and so escape previously acquired
immune responses. Placental parasites
and parasite lines selected for CSA
binding in vitro almost always express
a distinct var gene namedar2CSA
(Salanti et al, 2003; Tuikue et al,
2005). The gene expression determines
cytoadhesion of PfEMPI antigen to the
placental chondroitin sulphate A
receptor (Viebiget al, 2005). High
anti-var2CSA immunoglobin G levels
correlated with protection against poor
outcomes of malaria in pregnancy

Risk of Newborn Mortglit

(Salantiet al, 2004). Earlier studies in
late 90s suggested future research on
identification of the regions of the
protein antigen which have greatest
binding activity and which might form

a component of malaria vaccine,
specifically targeting malaria in
pregnancy. Few  studies have
elucidated the composition of gene
var2CSA and identified several regions
of the gene called Duffy binding-like
(DBL) domains. DBL-alpha domain is
implicated in rosette formation
(Udomsangpetctet al, 1989). Few of
these domains have been shown to be
capable of inducing antibodies against
parasite adhesion. In an attempt to
produce vaccines, small constructs of
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these large proteins are developed and
used in immunization in animal
studies. DBL-FCR3 (construct) has
recently been shown to induce IE
adhesion antibodies (Nielsest al,
2009). Salantet al. (2010) in a very
recent study reported inhibition of
parasite binding by immunization with
DBL3-HB3T1 and DBL1-3D7 but
production of antibodies was not
sustained during the entire
immunization process. Previously,
Fernandezet al. (2008) showed that
immunization with DBL6-FCR3 gives
similar results as with DBL3-HB3TI
and DBL1-3D7. This clearly indicates
that various domains in the antigen
partake in the adhesion process and as
such, an effective vaccine against

placental malaria would be a
multidomain vaccine.
Placental malaria poses daunting

problems in its diagnosis prior to
delivery. This is because microscopy
of peripheral thick blood film often
fails to identify a considerable portion
of the placental parasites
(Mockenhaupt et al, 2002). The
possibility of existence of placental
parasitemia in the absence of
peripheral blood parasitemia, and even
the persistence of parasites in the
placenta after initiation of anti-malarial
treatment had been documented by
Sarteletet al. (1997).

Intervention Strategies For Malaria In
Pregnancy

Malaria in pregnancy (MIP) continues
to be a major public health problem in
many endemic countries. Due to the
immense health burden, several
national and international
organizations have recommended
intervention strategies. When fully
implemented, these strategies are
expected to drastically reduce the
burden of MIP.

The main components of prevention
and control of MIP include the
following:

Focused antenatal care (ANC) and

health education

* Insecticide treated nets, including
long-lasting insecticide nets
(LLINS)

* Intermittent preventive treatment in
pregnancy with the use of
Sulphadoxine-Pyrimethamine (S-P
— based IPTp)

« Case management of malaria
infection with appropriate anti-
malarial drug

Focused ANC is a personalized care

provided to a pregnant woman, which

emphasizes on the woman’s overall
health, her preparation for childbirth
and readiness for complication

(emergency) preparation. Focused

ANC is timely, friendly, simple and

safe services to a pregnant woman. It

provides opportunity for early
detection and treatment of certain
pregnancy-related medical conditions

such as malaria, anaemia, pre-
eclampsia /eclampsia, sexually
transmitted  infections  (including

HIV/AIDS) (JHPIEGO, 2008). WHO
recommends a schedule of 4 antenatal
visits with 3 visits occurring after
quickening (i.e after 16weeks of
gestation). In a study conducted by
Eckert et al. (2005) in 20 African
countries, good antenatal clinic
registration was observed among
pregnant women; however, attendance
at second visit was poor. In Nigeria,
antenatal clinic registration is reported
to be about 60 %, while second
visitation is found to be less than 50 %
(Eckertet al, 2005).

Insecticide treated nets (ITNs) protect
pregnant women from mosquito sting,
especially at night (Enato, 2010).
However, proper care in handling the
net is very important to prevent tear.
Instruction on how to properly use net
to give the maximum protection to
pregnant women is very important, and
this should be emphasized during
ANC.

Intermittent preventive treatment in
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pregnancy involves giving full
treatment course of an effective
antimalarial drug to women during
pregnancy. Thesssumption for this is
based on the fact that every pregnant
woman in malaria endemic areas is
infected withP. falciparum and many
of which do not experience any clinical
symptoms (van Ejiket al, 2004). The
drug of choice for IPTp in most
malaria-endemic countries IS
sulfadoxine-pyrimethamine (SP) of
which at least 2 treatment doses are
used as preventive measure. The main
challenges to the effective utilization
of IPTp are decrease in attendance at
second and subsequent ANC visits and
‘missed doses’. There is also the
problem of emergence of resistant
parasite strains to the SP.

Case management is treatment of
symptomatic malaria with an effective
anti-malarial agent. In accordance with
the Nigerian anti-malarial treatment
guideline, oral quinine is the first line
of drugs in the treatment of acute
uncomplicatedP. falciparum malaria

in pregnancy (FMoH, 2004). It is
recommended that irrespective of IPTp
adherence, any pregnant woman with
symptoms of the illness should receive
appropriate  and effective case
management (WHQO 2004). In the
view of reserving the use of quinine to
treatment of only complicated malaria
infection, there is need to urgently
evaluate safety and effectiveness of
ACTs in pregnant women. Already,
there are epidemiological reports iof
utero exposure to arthemisinins during
pregnancy without congenital
malformation (McGreadyt al, 2008).
Notwithstanding, assessment of birth
outcomes, including pre-term delivery,
LBW, abortion, and other congenital
abnormalities in women treated with
ACT through a systematic study is
imperative.

In conclusion, it should be noted that
research efforts to improve our
understanding of the pathogenic
mechanism of MiP is urgently needed.

In particular, understanding of the
clinical importance of these cytokines

in PM may lead to a Dbetter
management of the infection.
Similarly, development of malaria

vaccine will see to the protection of
young infants whom levels of
immunity is determined by antibodies
acquired via materno-foetal transfer.
Future research should be directed
towards improving the diagnosis of
MiP followed by prompt therapy.
Partnership between the national
malaria control programmes and
community will aid efficiently and
timely delivery anti-malarial
intervention tools (e.g.ITNs and IPTp)
to the target groups. In view of
persistent placental parasitemia after
initiation  of chemotherapy, the
development of site-targeted anti-

malarial drugs that are safe and
effective  during pregnancy for
chemotherapy and IPT should be
considered.
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