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Infection with either HIV or malaria during pregnancy

often results in adverse outcomes for mother and child.

Co-infection further increases the risks of these events,

which include maternal anemia and babies with low

birth weight. The immunological bases for the increased

susceptibility of HIV-infected mothers to malaria and for

the effect of co-infection on mother-to-child trans-

mission of HIV are areas of major importance in public

health. In this article, we review current data about

humoral and cellular responses to HIV–placental-malaria

co-infection and present an immunological hypothesis

to explain the epidemiological findings.
Introduction

The high prevalence of Plasmodium falciparum malaria
in many parts of the world, combined with the expanding
HIV–AIDS epidemic, has resulted in increasing percent-
ages of the world’s population being co-infected with these
diseases. This has generated immense concern about
potential interactions between malaria and HIV, both of
which have serious consequences in pregnancy for mother
and child [1–3]. This is particularly relevant to sub-
Saharan Africa, where malaria is endemic and where 80%
of the world’s HIV-infected women reside [4]. Here, the
prevalence of maternal malaria is as high as 65% [1], and
HIV affects up to 40% of pregnant women [5].

Much has been learned during the past 15 years about
the interaction between malaria and HIV during preg-
nancy [6,7]. However, many issues remain unclear,
especially the modulation of immune responses during
co-infection and the immunological bases for the severe
pregnancy-related outcomes associated with these dis-
eases. Much of the pathogenesis of malaria during
pregnancy is mediated by massive accumulation of
P. falciparum in the maternal blood spaces of the placenta,
termed ‘placental malaria’. The placenta is also the key
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interface in mother-to-child transmission (MTCT) of
HIV-1, especially that involving in utero transfer [8].
Thus, focusing on the events occurring at the placental
level is crucial for understanding the interactions between
HIV and malaria, and the associated disease outcomes.

Epidemiological evidence of an interaction between

malaria and HIV-1 in pregnancy

Studies in largely non-pregnant adult populations
have shown that the incidences of P. falciparum para-
sitemia [9] and symptomatic malaria [9,10] are increased
in HIV-infected individuals. This effect is modulated by
immune status because higher parasite densities and
higher rates of clinical episodes were associated with
falling CD4C T-cell counts [9,11]. Many studies have also
established that there is a strong interaction between
P. falciparum malaria and HIV-1 during pregnancy (for
review, see Refs [6,7]). A meta-analysis of 11 studies
showed that HIV-infected pregnant women are consist-
ently at increased risk for both peripheral and placental
P. falciparum infection compared with women not infected
with HIV [7]. These HIV-associated differences were more
marked in multigravidae, suggesting that HIV infection
disrupts development of the gravidity-dependent acquired
immunity to malaria that is seen in women not infected
with HIV [7,12–14]. Studies that are more in depth are
required to establish whether the higher susceptibility of
multigravid women to malaria is related to longer expo-
sure to HIV-1 and, thus, more-advanced HIV-induced
immunodeficiency. The densities of peripheral, placental
and umbilical-cord parasitemias were also increased in
HIV-infected pregnant women compared with their
uninfected counterparts [12,14].Consideringthe HIV-related
increases in the incidence and density of malaria infection,
it is not surprising that HIV–malaria co-infected pregnant
women are also at increased risk for maternal anemia and
low-birth-weight babies [7,15,16]. Again, these increased
risks are greatest in multigravidae. Considered together,
these epidemiological observations suggest a severe com-
promise in acquired immunity to malaria in HIV-infected
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Box 1. Immunity to Plasmodium falciparum malaria in pregnancy

It has long been known that women are at higher risk of malaria

infection during pregnancy, which can lead to both maternal and fetal

complications [1,2]. The biological basis for this increased suscepti-

bility in a population that enjoys well-developed clinical immunity

before pregnancy has been a long-standing question. It is particularly

intriguing why primigravidae in endemic areas are most susceptible,

whereas multigravid women develop increased resistance to maternal

malaria. Investigations to answer these questions are ongoing in many

laboratories.

Humoral immunity
Malaria antibody levels are reduced in pregnant women versus non-

pregnant women, and in primigravidae versus multigravidae [49].

Also, there is an association between the level of antibodies to certain

P. falciparum antigens [e.g. merozoite surface protein (MSP)-1 19kDa

and Pf155/ring-infected erythrocyte surface antigen (RESA)] and the

risk of placental malaria infection [50,51]. Recently, it was shown that a

subpopulation of P. falciparum parasites sequesters in the placenta by

binding preferentially to CSA [22]. It has been hypothesized that,

during a first pregnancy, women are exposed to this new parasite

variant for the first time and do notmount effective resistance. Through

exposure to the CSA-binding parasite variants over successive

pregnancies, however, women eventually acquire immunity specific

to this population of parasites. In support of this hypothesis, several

laboratories have shown that primigravid women generally lack, or

have delayed production of, antibodies that can block the binding of

P. falciparum parasites to CSA, whereas multigravid women possess

these antibodies or acquire them earlier in pregnancy [52–54]. Also,

women with high levels of anti-CSA-binding antibodies have reduced

placental parasitemia [51], reduced maternal anemia and increased

infant birth weight [55]. Hyaluronic acid [56] and immunoglobulins [57]

might also be involved in the binding of parasites in the placenta, and it

remains to be determined whether humoral immune factors have a role

in controlling parasites with different adhesion phenotypes. Finally, lack

of adhesion to CD36 (a scavenger receptor that promotes phagocytosis)

by CSA-binding parasitesmight help parasites to evade phagocytosis by

monocytes [58].

Cellular immunity

Decreased cellular immunity, as measured by peripheral blood

lymphoproliferative responses to malaria antigens, has been observed

in pregnancy [59–62]. Elaborate studies of cellular immune response

have been conducted using placental IVBMCs. An IFN-g response

elicited by IVBMCs in response to malaria antigen stimulation

correlates with protection against placental malaria. Multigravid, but

not primigravid, women produce high levels of this cytokine [24].

Increased IFN-g production by placental blood cells in placental

malaria is found consistently by different laboratories and study

populations [63–65]. Other cytokine changes have been documented,

with an increase in levels of cytokines such as TNF-a being associated

with adverse birth outcomes [64–67].

Other changes in lymphocyte subsets have been described during

pregnancy [68]. A decrease in NK cell cytotoxicity in primigravid

women might contribute to an inability to clear the parasite [69].

Macrophages are thought to be key cellular mediators in combating

P. falciparum infection. These cells accumulate in large numbers in the

infected placenta [70–72] and have been associated with adverse birth

outcomes [72,73].

Pregnancy hormones

Elevated levels of the immunosuppressive hormone cortisol have been

described in pregnant women with clinical malaria, with the highest

levels in primigravid women [69,74,75]. Furthermore, elevated levels of

cortisol in pre-malaria antenatal clinic visits predicted subsequent

susceptibility tomalaria [75]. Levels of prolactin, an immunostimulatory

hormone,were found to be lower in primigravidae than inmultigravidae

at delivery [69]. These changes might partially mediate the increased

susceptibility of pregnant women to malaria.
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pregnant women, resulting in a decreased ability to limit
P. falciparum infection. This conclusion is bolstered by the
finding that the prophylactic efficacy of sulfadoxine–
pyrimethamine is reduced in HIV-infected pregnant
women [12,17], probably because antimalarial drugs
work in concert with the host immune response to combat
parasitemia effectively.

Local events in the placenta during malarial infection
have a major negative impact on fetal development and
birth outcome [1,2]. Despite the demonstrated effects of
HIV-1 on parasitemia and the adverse pregnancy out-
comes, however, the extent to which HIV–malaria co-
infection contributes to increased infant mortality
remains unclear. One retrospective study found a signifi-
cant increase in infant mortality of children born to
placental malaria and HIV co-infected, compared with
mono-infected, mothers [18], but this has not been
confirmed in subsequent prospective studies [19]*. Clearly,
further study of the interaction between HIV-1 and
malaria during pregnancy, and the influence that co-
infection has on pregnancy and birth outcomes is urgently
needed. The identification of the underlying immunologi-
cal bases for the increased susceptibility of HIV-infected
women to malaria and for the associated poor clinical
outcomes is central to this effort.

Although the understanding of immunity to malaria in
pregnancy is incomplete (Box 1), the studies that have
* van Eijk, A.M. et al. abstract ThPeC7605, 14th International AIDS Conference,
Barcelona, July 2002.
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been published provide a basis for understanding how
immune responses to malaria are altered in HIV–malaria
co-infection. Conversely, malaria infection might alter the
immune response to HIV-1 in pregnancy but there are no
published studies regarding the impact of co-infection on
anti-viral immune responses in pregnant women.

Impact of co-infection on disease presentation and

immunity

HIV-1 impact on malaria immune responses

Both humoral and cellular immune responses are known
to have protective roles against malaria infection. Unfor-
tunately, these compartments of the adaptive immune
response are also profoundly altered during HIV-1 infec-
tion. Thus, as one might expect, the available evidence,
which is summarized here and in Figure 1, provides a
compelling argument that co-infected pregnant women
suffer considerable perturbations in both humoral and
cell-mediated immune responses to malaria.

Humoral responses

Antibodies against malaria antigens can mediate protec-
tion by various mechanisms, including blocking the
invasion of parasites into host cells, and mediating
phagocytosis and antibody-dependent inhibition of cellu-
lar growth [20]. Two studies have documented partial
impairment of the humoral immune response to malaria
in HIV-infected pregnant women. Ayisi et al. [21] reported
decreased prevalence and concentration of antibodies
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Figure 1. Model of increased susceptibility of HIV-infected pregnant women to malaria. Image is a hypothetical representation of how HIV-1 infection impairs different

immune pathways associated with protection against placental malaria. Placental malaria can lead to activation of antigen-presenting cells, resulting in the secretion of IL-12,

IL-18 and other cytokines, in addition to the presentation of antigens to T cells. This can lead to T-cell activation, especially of Th1 cells that produce IFN-g. In addition,

activation of innate immune pathways involving natural killer (NK) cells can occur during placental malaria infection, resulting in the production of IFN-g and other cytokines.

IFN-g can have a protective role by activatingmacrophages to kill malaria parasites through phagocytosis and/or releasing nitric oxide and other mediators. HIV-1 infection in

pregnant women has been shown to impair IL-12 and IFN-g production [25,26], thus affecting protective cellular immune pathways that can control placental malaria

infection. Stimulation ofmalaria-antigen-specific T cells, particularlymemory cells, during placental malaria infectionmight make these T cells prime targets for HIV infection

and destruction because HIV induces loss of memory T cells, even before the onset of AIDS [29]. This loss in malaria-specific T-cell memory will have important implications

for both cell-mediated (e.g. loss of IFN-g responsiveness) and humoral (reduction in numbers of antibodies) immune responses. Placental malaria infection can also activate

B cells to secrete antibodies specific to variousmalaria antigens, including VSAs. Anti-VSA antibodies can block parasite binding to CSA receptors in the placenta. Antibodies

to different parasite surface antigens, including VSA, can inhibit parasite invasion and/or growth, and mediate phagocytosis and antibody-dependent cellular inhibition

(ADCI) of growth. HIV-1 infection impairs the development of antibodies to some malaria antigens such as VSA [23] and, thus, compromises anti-malarial immunity.

Abbreviation: RBC, red blood cell.
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against the pre-erythrocytic-stage circumsporozoite pro-
tein (CSP)-repeat sequence NANP, which can prevent
sporozoites from invading liver cells. A similar trend was
observed for antibodies against EBA-175, a blood-stage
antigen involved in parasite invasion of red blood cells.
These effects were independent of placental malaria
infection. No consistent HIV-associated differences were
observed for the other antigenic determinants tested –
MSP119kD, MSP-2, MSP-3 and RAP1 – which suggests
that HIV infection affects antibody responses to some, but
not all, malaria antigens [21].

A second study addressed the impact of HIV-1 infection
on the production of antibodies against variant surface
antigens (VSAs) that can block parasite adhesion to
chondroitin sulfate A (CSA), which is considered to be a
dominant host-cell receptor for parasite adhesion in the
placenta [22]. In this recent report, pregnant HIV-infected
women showed decreased prevalence and concentration of
antibodies against VSA of the CSA-binding parasite line
CS2, and those with a low CD4C T-cell count showed the
greatest impairment [23]. This decrease was found in all
www.sciencedirect.com
gravidities, irrespective of the malaria infection status.
This study is crucial because the HIV-associated decline in
antibody responses to VSA could partially explain the
increased susceptibility of HIV-infected pregnant women
to malaria. Lack of anti-VSA antibodies could affect
protective immune mechanisms in at least two ways.
First, these antibodies could block parasite sequestration
by CSA in the placenta. Second, anti-VSA antibodies are
also likely to be crucial for mediating phagocytic uptake of
CSA-binding parasites by monocytes and macrophages.
Therefore, impairment of this antibody response can have
negative consequences for parasite clearance. In the same
study [23], antibody responses to blood-stage antigen
AMA-1, but not MSP-119kD, were also found to be reduced
in HIV-infected women. Collectively, these findings
suggest that, although HIV-1 infection is associated with
reduction in antibody responses to some P. falciparum
malaria antigens, it does not cause a generalized suppres-
sion or reduction of humoral immune responses to malaria
antigens in pregnant women. However, the reason for the
selective compromise of antibody responses to only a
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subset of malaria antigens is unclear. It could be because
of the progressive loss of both T and B memory cells, which
are required for the development and maintenance of
antibody and other responses to malaria. A long-term
follow up of T- and B-cell dynamics in HIV-infected
pregnant women is necessary for addressing this issue.

Cellular immune responses

Many immune-cell types and the soluble immunoactive
factors that they secrete are crucial for protective
immunity to malaria. Several studies have focused on
the cytokines and chemokines that might mediate protec-
tion against placental malaria and how they are changed
in HIV-1 infection. Placental intervillous blood mono-
nuclear cells (IVBMCs), which are cells of maternal origin
in the intervillous spaces of the placenta, have been used
in various studies. IVBMC production of the T helper
(Th)1 cytokine interferon (IFN)-g, which is crucial for
activating monocytes and macrophages for parasite
clearance, was shown to be associated with protection
against placental malaria [24]. However, in HIV-infected
women, irrespective of their malaria infection status,
IVBMCs produced significantly lower levels of IFN-g than
in women not infected with HIV, especially in response to
stimulation with crude blood-stage malaria antigens [25].
A subsequent study demonstrated that production of
interleukin (IL)-12, which contributes to the regulation
of IFN-g synthesis, was impaired in HIV-infected women,
with almost undetectable levels in the IVBMC culture
supernatants of HIV–placental-malaria co-infected
women [26]. Because the production of IL-18, another
cytokine involved in the regulation of IFN-g, was not
altered, it seems that impairment of IFN-g production in
HIV-infected pregnant women is an IL-12-dependent
phenomenon. Because Plasmodium is an intracellular
parasite and its ultimate clearance requires active cellular
immune mechanisms involving macrophages, it is under-
standable that HIV-associated impairment in this path-
way is a potential cause of the increased malaria
susceptibility in HIV-infected pregnant women.

Importantly, there seemed to be no generalized sup-
pression of cytokines due to HIV-1 or HIV–placental-
malaria co-infection in this and in subsequent studies
evaluating levels of the cytokines tumor necrosis factor
(TNF)-a, IL-4, IL-10 and macrophage migration inhibitory
factor (MIF), and the chemokines macrophage inflamma-
tory protein (MIP)-1a and MIP-1b [25,27,28]. Interest-
ingly, levels of MIP-1b were elevated in co-infected women
compared with in HIV-infected women without placental
malaria [27]. These observations suggest that there is a
complex alteration in the cellular immune response in
HIV–placental-malaria co-infection, including loss of a pro-
tective immune pathway that involves IFN-g and potential
upregulation of other cytokine and chemokine pathways.

These perturbations in cell-mediated immune function
in HIV–malaria co-infected women are heavily dependent
on CD4C T-cell counts [25,26]. For example, IVBMC
production of some cytokines, including IFN-g, was
substantially reduced in HIV-infected pregnant women
with low (!500 m LK1), compared with high (O500 m LK1),
CD4C T-cell counts. This highlights the shift in cytokine
www.sciencedirect.com
responsiveness that occurs as HIV-1 infection progresses.
Therefore, comparison of results from different studies
will require CD4C T-cell profiles to be reported.

From the available data, we can begin to formulate a
model to explain how immunity to malaria is altered in
HIV-infected pregnant women (Figure 1). As outlined in
the model, HIV-1 considerably downregulates production
of IL-12 and IFN-g, and impairs the production of some
anti-malarial antibodies, resulting in a decreased ability
to clear parasitized red blood cells from the placenta.
HIV-1 infection also results in the destruction of memory
T cells throughout development of the disease [29]. Thus,
it is possible that the loss of protection against malaria
during pregnancy in HIV-infected women is mediated by
loss of malaria-antigen-specific memory T cells, even
before the onset of AIDS. However, further research is
needed to understand fully the biological basis for the
increased susceptibility of HIV-infected pregnant women
to malaria infection.

Malaria impact on HIV-1

Malaria infection can modulate HIV-1 progression by
activating T cells or by inducing the release of immune
factors such as TNF-a that can activate HIV-1 replication.
In vitro studies conducted using peripheral blood mono-
nuclear cells (PBMCs) from malaria-naı̈ve donors showed
that stimulation with malaria antigens and malaria
pigment increases HIV-1 replication in a TNF-a-dependent
manner [30]. Other investigators demonstrated that
stimulation with P. falciparum schizont extract increased
the permissiveness of PBMCs to HIV infection in vitro and
could reactivate naturally acquired HIV-1 in malaria-
naı̈ve and malaria-exposed HIV-infected adults [31]. In an
additional study of non-pregnant adults, the blood plasma
concentration of HIV-1 RNA was increased sevenfold in
patients with acute malaria compared with those without
malaria co-infection [32]. Another recent study also
demonstrated a significant increase in viral load during
acute P. falciparum infection, with the largest increases
occurring in individuals with high-density parasitemia
and/or fever [33]. HIV-1 viral load declined within eight to
nine weeks after malaria treatment [33].

In studies involving pregnant women, peripheral
parasitemia is associated with statistically significant
increases in peripheral HIV-1 viral load [34,35], although
some reports failed to find such an association between
placental malaria and peripheral viral load [35,36]. In a
cross-sectional study in Malawi, however, placental
malaria was associated with a twofold increase in placental
HIV-1 RNA concentration in a multivariate analysis [37].
There was also a 1.7-fold increase in peripheral HIV-1
RNA concentration, and positive correlations were found
between both peripheral and placental HIV-1 RNA
concentrations and placental parasite density [37]. It
will be important for future studies to determine both
peripheral and placental viral measurements because the
presence of P. falciparum within the placenta might
increase viral load predominantly within this local
environment.

These reports establish that the presence of P. falci-
parum can increase HIV-1 viral load. However, there are

http://www.sciencedirect.com
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no published data about the impact of malaria on the
immune response to HIV-1 in pregnant women. Further
studies are needed to understand to what extent malaria
can increase the progression of HIV-1 infection because it
will have important implications for treating malaria in
HIV-infected individuals. However, in the context of
pregnancy, an interaction between HIV and malaria
might also impact the rate of MTCT of HIV-1.
Does placental malaria alter MTCT of HIV-1?

There is evidence that placental malaria increases HIV-1
viral load [37], which is an independent risk factor for
MTCT of HIV-1 [8]. However, contrary to expectation, a
definitive link between placental malaria and MTCT of
HIV-1 has not been demonstrated. In a study of Ugandan
HIV-infected women, Brahmbhatt et al. [38] observed
MTCT rates of 40% in mothers with placental malaria and
15.4% in those without. This resulted in a risk ratio of 2.89
for MTCT associated with placental malaria after adjust-
ment for HIV viral load. However, the subjects were not
stratified by CD4C T-cell count or by the presence of
severe disease. Other studies in Cameroon [39] and The
Gambia [40] found increased risk of MTCT of HIV-1 when
birth occurred during the rainy season, although malaria
infection was not definitively assessed [39,40]. In contrast
to these findings, other studies have not observed such
associations. In Eastern Kenya, placental malaria did
not correlate with in utero or peripartal transmission of
HIV-1, despite the fact that placental malaria was
significantly associated with HIV-1 infection [36]. Mwapasa
et al.** also found no change in MTCT in women co-
infected with HIV and placental malaria, although the
rate of MTCT was still high (25.4%) despite the use of the
antiviral drug neverapine. In a study performed in
Western Kenya, MTCT of HIV-1 was lower in mothers
with placental malaria [35]. However, more-detailed analy-
sis of data from that study revealed that women with low-
density placental malaria (!10 000 parasites m LK1)
showed a significantly lower level of HIV-1 trans-
mission (11.5%) than women with high-density (O10 000
parasites m LK1) placental malaria (25% transmission) or
no malaria (21.9% transmission).

The differences in outcome between these studies could
be due to several factors. The studies that found no effect
[36] or a protective effect [35] of placental malaria on
MTCT of HIV-1 excluded women with AIDS, whereas the
other investigations did not exclude study participants on
this basis [38–40]. Equally importantly, the Kenyan
studies employed larger sample sizes than the Ugandan
study and, thus, had more statistical power to assess the
impact of placental malaria on MTCT of HIV-1. Although
these studies employed different criteria for defining
placental malaria infection status – histological method
[36,38] versus blood-film examination [35] – it is unlikely
that this could explain the differences in the HIV-1
transmission rates between these studies. It is crucial
for future studies to use large sample sizes and to examine
the effects of CD4C T-cell count, peripheral and placental
** Mwapasa, V. et al. abstract 21, 53rd Annual Meeting of the American Society of
Tropical Medicine and Hygiene, Florida, November 2004.
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viral load, and the level of placental parasitemia to
determine the effect of placental malaria on MTCT of
HIV-1.

Cytokines and MTCT of HIV-1

The chemokines MIP-1a, MIP-1b and regulated on
activation, normal T-cell expressed and secreted
(RANTES) share a common receptor, C-C chemokine
receptor 5 (CCR5), that also serves as a co-receptor for
HIV-1 entry into host cells [41]. These three chemokines
were shown to inhibit HIV-1 replication by interfering
with viral entry through CCR5 [41–43]. In one study,
placentas of malaria-infected women were shown to
contain three times the amount of CCR5 RNA as placentas
of women without malaria [44]. This increased expression
of CCR5, if resulting in increased protein expression,
might create an additional reservoir for HIV-1 in the
placenta, thus locally increasing viral load and creating
harmful effects for mother and fetus. Interestingly,
Behbahani et al. [45] found that expression of CCR5
mRNA and CCR5 protein is increased in HIV-transmitting
women compared with women not transmitting HIV, and
O99% of the cells in transmitting women that expressed
HIV-1 gag-pol mRNA also expressed CCR5, versus !10%
in non-transmitting women. IFN-g, which is associated
with protection against placental malaria [24,25], was
shown to upregulate cell-surface expression of CCR5 on
cord and adult blood mononuclear phagocytes, even
though HIV-1 entry into macrophages was suppressed
[46]. This suppression might have been due to the down-
regulated cell-surface expression of CD4 – the major
receptor for HIV-1 – and/or IFN-g-induced secretion of
MIP-1a and MIP-1b [46], which would, presumably,
occupy CCR5 molecules and block HIV-1 entry into cells.

Malaria-infected placental intervillous blood (IVB)
plasma was found to have significantly higher levels of
MIP-1b [27] and RANTES (V. Udhayakumar, unpub-
lished) compared with placental IVB plasma from
women without placental malaria, irrespective of HIV
status. In addition, IVB MIP-1a and MIP-1b levels
correlated positively with parasite density. A separate
study found elevated levels of MIP-1a, but not MIP-1b or
RANTES, in the placental plasma of malaria-infected
women [47]. Collectively, these results suggest that
elevated levels of b chemokines are closely associated
with placental malaria infection. Theoretically, these
chemokines could compete with HIV-1 for CCR5 receptors
and reduce the HIV-1 transmission rate, consistent with
the findings from the Kenyan MTCT study [35]. Indeed,
more data are needed about the relationship among
parasitemia, chemokine levels, and HIV-1 infection and
replication in the placenta.

Although changes in b chemokine levels in HIV-infected
women might influence HIV replication and/or MTCT of
HIV-1, placental malaria might also impact HIV in other
ways. Leukemia inhibitory factor (LIF) is a potent
endogenous factor in the placenta that has been shown
in vitro to inhibit HIV-1 replication in a co-receptor-
independent manner [48]. In addition, the level of LIF
mRNA and the prevalence of LIF-expressing cells were
significantly greater in mothers who did not transmit
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Figure 2. Hypothetical model of immune-factor modulation of MTCT of HIV-1 in HIV–placental-malaria co-infected mothers. Figure summarizes howMTCT of HIV-1 can vary

in women with placental malaria infection and predicts events that probably take place in relatively immunocompetent (a) (i–v) and immunocompromised (b) (i–v) hosts that

would result in different transmission outcomes. HIV-infected women who are relatively immunocompetent have normal levels of CD4C T cells (O500 cells m LK1 of blood).

These women can mount protective immune responses when exposed to placental malaria infection, and this can limit both placental malaria and HIV-1 infection. Low-

density placental malaria infection can induce and sustain the production of the protective cytokine IFN-g and chemokines such asMIP-1a, MIP-1b and RANTES that can block

binding of HIV-1 to CCR5, a receptor for entry of HIV-1. At the same time, protective immune factors such as LIF that can reduce HIV-1 transmission might also be produced.

Thus, relative levels of protective immune factors that can suppress viral replication and prevent HIV-1 transmission are at high concentrations. Consequently, MTCT of HIV-1

is much lower in these women. However, womenwho are relatively immunocompromised, including those with low levels of CD4C T cells, have a reduced ability to mount a

protective immune response to limit either placentalmalaria or HIV-1 infection. Consequently, thesewomenmight experience high-density placentalmalaria infection, which

can favor overproduction of cytokines such as TNF-a. This will, in turn, further enhance HIV-1 replication. Additionally, the low level of protective immune factors (IFN-g,

chemokines and, possibly, LIF) is not adequate to control HIV-1 viral replication, leading to higher viral load in the placenta. As a result, these women have higher rates of HIV-1

transmission to their newborns.
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HIV-1 to their children than in those who did. It is unclear,
however, whether HIV infection itself affects LIF pro-
duction or whether some placentas constitutively express
lower levels of LIF and, therefore, are at greater risk of
transmitting HIV-1 to the fetus. It is possible that
placental malaria infection could modulate LIF pro-
duction in the placenta and, therefore, could alter MTCT
of HIV-1.
Model of malaria–HIV interaction with regard to MTCT

of HIV-1

Although HIV-1 and placental malaria both have inde-
pendent immune effects in the placental environment, co-
infection has been shown to change specific aspects of the
immune response and the replicative capacity of the
pathogens. Considering the complex interplay between
the various components of the immune system and the
potential for parasite-density-dependent MTCT of HIV-1,
we propose a model (Figure 2) that hypothesizes how
placental malaria infection could alter HIV-1 transmission
under two different immunological states. This model
suggests that the immune alterations that occur during
placental malaria infection ultimately influence placental
HIV-1 viral load, thus modifying MTCT.
www.sciencedirect.com
Concluding remarks

Although there is clear evidence to show that HIV-infected
pregnant women are at greater risk of acquiring
P. falciparum infection and experiencing more-severe
disease complications than women not infected with HIV,
the underlying immune mechanisms for these adverse
outcomes are not well understood. The limited studies that
have identified specific alterations in both the humoral and
the cellular arms of the immune system provide some
explanation of how HIV-1 infection might impair protective
immune responses to malaria. In addition, the presence of
malaria in the placenta could affect MTCTof HIV-1, although
the few studies measuring this phenomenon have drawn
contradicting conclusions. Many studies investigating the
immunological and epidemiological interactions between
placentalmalariaand HIV-1havebeen limitedbyavarietyof
factors, including the use of different malaria diagnostic
techniques, small sample sizes and inadequately adjusting
for the stage of HIV disease, the density of parasitemia and
the duration of malaria exposure in the data analysis.
Further studies are necessary to understand the modulation
of immune responses in co-infected women, how co-infection
influences the pathogenesis of malaria and HIV-1, and what
effect co-infection has on MTCTof HIV-1 (Box 2).
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Box 2. Future research goals

† Establish additional studies to examine the effect of placental

malaria on MTCT of HIV-1 that are adequately powered to detect

significant differences in transmission rates, with measurement of

the effects of CD4C T-cell count, peripheral and placental HIV-1 viral

load, level of placental parasitemia and histopathological changes in

the placenta.

† Extend studies that examine peripheral changes in humoral and

cell-mediated immunity to include local changes within the placenta.

This should involve cytokine and chemokine expression patterns, in

addition to changes in lymphocyte, NK cell and monocyte–

macrophage populations, including memory cells. The role of the

fetal trophoblast and other cell types should also be explored.

† Determine whether CD4CCD25C regulatory T cells – which have

been shown to regulate the outcome of several infectious diseases,

including malaria [76,77] – are involved in HIV-mediated immuno-

suppression in pregnant women.

† Characterize the roles of other mediators such as hormones,

prostaglandin E2 and hemozoin (malarial pigment) in influencing the

immune response to malaria.

† Consider cytokine ratios, in addition to absolute levels of

cytokines, for determining effects on parasitemia and adverse birth

outcomes.

† Assess the inherent variability in LIF production in normal

placentas and further investigate whether HIV-1 infection and/or

placental malaria infection modulates LIF levels.

† Establish analogous studies of placental malaria and placental-

malaria–HIV co-infection to investigate populations in which

Plasmodium vivax is also prevalent.
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