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Summary

 

Anti-phospholipid antibodies (aPL) are autoantibodies associated with both
infections and the pathogenesis of certain pregnancy complications. In the
latter, but not the former, aPL are dependent on a co-factor, ββββ

 

2

 

 glycoprotein I
(ββββ

 

2GPI), which can also be used as an antigen for detection of such aPL in
pregnancy. A cross-sectional study was carried out on serum samples from
Kumasi, Ghana, to determine the occurrence and ββββ

 

2GPI-dependence of aPL
in placental malaria. Anti-cardiolipin, anti-phosphatidylserine and anti-
ββββ

 

2GPI enzyme-linked immunosorbent assays (ELISAs) were performed on
sera from 103 HIV-non-infected gravid women. Placental malaria, both active
and past infection, was diagnosed in 33/103 (32%) based on placental histol-
ogy. In multiparae, ββββ

 

2GPI-independent IgM antibodies to cardiolipin
(

 

P ====

 

 0·018) and phosphatidylserine (

 

P ====

 

 0·009) were observed, which were
most pronounced in past placental malaria infection. In primiparae, no asso-
ciation emerged between aPL and placental malaria. Trends for improved clin-
ical parameters were identified in infected women with levels of anti-
cardiolipin beyond the 99th multiple of the median for a healthy, non-malar-
ious population. This study in placental malaria reports parity associations of
ββββ

 

2GPI-independent aPL profiles, and does not support a role for ββββ

 

2GPI-
dependent aPL. It is of significance in the context of the known parity differ-
ences in pregnancy malaria immunity.
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Introduction

 

There is a high prevalence of serum antibodies reactive with
negatively charged phospholipids (PL) (anti-phospholipid
antibodies; aPL) in uncomplicated and severe non-pregnant
malaria patients, as well as asymptomatic parasitaemic indi-
viduals [1,2]. Anti-phospholipid antibodies may be divided
into two families, co-factor-dependent and co-factor-inde-
pendent aPL. The first family are autoantibodies that bind to
a complex antigen comprised of a negatively charged phos-
pholipid and a phospholipid-binding protein co-factor [3].
The most studied of these phospholipid-binding proteins is
the plasma apolipoprotein 

 

β

 

2

 

 glycoprotein I (

 

β

 

2

 

GPI). These
aPL are referred to as co-factor- or 

 

β

 

2

 

GPI-dependent aPL
and are associated with thrombotic disease and pregnancy
complications, e.g. 5–20% of women with recurrent preg-
nancy loss [4,5]. These antibodies may promote pathology

by inducing local platelet aggregation and a subsequent
decidual vasculopathy, as well as by binding to fetal tropho-
blast and causing defective placentation [6]. It is now recog-
nized that 

 

β

 

2GPI can also be used as an antigen for detection
of such pathogenic aPL in pregnancy [7]. The second family
(co-factor-independent aPL) are not uncommon in associa-
tion with infections, often appearing transiently, and these
antibodies bind directly to negatively charged phospholipids
such as cardiolipin or phosphatidylserine [3,4]; syphilitic
reagins are archetypal of this family. Co-factor-independent
aPL are thought not to cause thrombosis or pregnancy
complications.

In malaria, aPL are thought to bind phospholipid inde-
pendently of 

 

β

 

2GPI [1–3]. However, there are no published
data on either the prevalence or 

 

β

 

2GPI-dependency of aPL in
pregnancy-associated malaria. Circulating aPL that are
dependent on 

 

β

 

2GPI might interact with mechanisms of
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sequestration of parasitized red cells within the placenta, the
most characteristic pathological feature of malarial preg-
nancy [8,9], or contribute to the inflammatory vasculopathy
observed in this infection. Conversely, 

 

β

 

2GPI-independent
aPL might comprise a component of the protective immune
response against placental malaria, characteristic of infected
multiparae. Primiparae are at greater risk from malaria than
multiparae, and the mechanism of protection appears to
reflect an anti-adhesion response to parasite subtypes binding
chondroitin sulphate A (CSA) and other glycosaminoglycans
at the syncytiotrophoblast surface [10]. Primiparae also tend
to experience a more severe and protracted course of infec-
tion, associated with an exaggerated type-1 T helper (Th1)
cell-mediated response and high levels of tumour necrosis
factor-

 

α

 

 (TNF-

 

α

 

) [11]. PLs induce TNF-

 

α

 

 expression in mac-
rophages, and animal models have demonstrated that aPL can
block TNF-

 

α

 

 induction in malaria and ameliorate the clinical
course of the disease [12]. The same principle has been used
to explain the results of studies on aPL in non-pregnant adults
and children with malaria [13].

We have carried out a study in an urban West African set-
ting, an area of high malaria transmission. The aim was to
describe the occurrence and 

 

β

 

2GPI co-factor-dependence of
serum aPL in HIV–non-infected malarial pregnancy using
anti-cardiolipin (aCL), anti-phosphatidylserine (aPS) and
anti-

 

β

 

2GPI (aß2GPI) enzyme-linked immunosorbent assays
(ELISAs).

 

Materials and methods

 

Study design

 

A cross-sectional study was performed at the Komfo Anokye
Teaching Hospital (KATH), Kumasi, Ghana, from April to
June 2003. The target population was perinatal women and
their babies. This study was nested inside an analysis of
transplacental transfer of measles antibody in pregnancy
(Owens 

 

et al.

 

 unpublished data). Sample size was thus cal-
culated separately.

 

Enrolment of subjects

 

Women who delivered vaginally were recruited consecutively
at delivery in the labour unit. Those with blood
pressure 

 

≥

 

 90 mmHg diastolic or 140 mmHg systolic,
multiple births and those who had received a blood
transfusion 

 

≥

 

 24 h before delivery were excluded. At enrol-
ment, basic demographic data and antenatal care were doc-
umented on a preprepared questionnaire. Information was
obtained from each patient’s antenatal health card; patients
without a card were questioned directly.

Only mothers whose babies were delivered alive after
24 weeks’ gestation, and who gave consent, were recruited.
Shortly after delivery, each baby was weighed and the heel–
crown length measured. The placenta was also weighed after

removing blood clots and cutting the cord close to its inser-
tion (2–3 cm). Weights were recorded to the nearest 0·05 kg;
lengths to the nearest 0·5 cm.

 

Collection of specimens

 

Maternal blood (5 ml) was obtained from a peripheral vein
within 4 h of delivery, and cord blood (8 ml) from a large
vein on the fetal side of the placenta immediately after deliv-
ery. Sera were separated and stored at 

 

−

 

70

 

°

 

C within 8 h.
Cubic placental villous tissue biopsy samples (1 cm

 

3

 

) were
obtained from an off-centre position and stored in 20 ml of
10% formaldehyde in phosphate buffer until processed for
histological examination. Thick and thin Giemsa-stained
films were prepared with blood obtained from the cord.

 

Malaria diagnosis

 

Paraffin-embedded sections (5 

 

µ

 

m) of placental tissue were
stained with haematoxylin–eosin and examined under both
light microscopy and polarized light ( 

 

×

 

 40). Histology was
reported blinded to numerical data. Placental malaria infec-
tion was defined and classified according to the presence of
parasites and/or malaria pigment as non-infected, acute
infection, chronic infection and past infection, as described
previously [8,14]; in subsequent analyses, active infection
included both acute and chronic infection. Films of cord
blood were read under light microscopy ( 

 

×

 

 100), and the
number and species of parasites measured against 200 white
cells. One hundred fields from each blood film were exam-
ined before a negative count was recorded.

 

Assessment of total serum immunoglobulin G (IgG) 
levels

 

Total serum IgG was assayed by laser nephelometry using an
Array Protein System (Beckman Coulter, High Wycombe,
UK).

 

aPL assays

 

The PLs, phosphatidylserine (PS) and cardiolipin (CL), were
obtained from Sigma (Sydney, Australia). Antibody screen-
ing was conducted using our published methods [15].
Briefly, the relevant PL was diluted to 50 

 

µ

 

g/ml in ethanol
and 50 

 

µ

 

l used to coat a 96-well ELISA plate (Corning,
Amsterdam, the Netherlands) by evaporation at 4

 

°

 

C over-
night. Plates were exposed to blocking solution, 10% new-
born calf serum in phosphate-buffered isotonic saline (PBS),
pH 7·4, for 1 h at room temperature. The blocking solution
was discarded and plates washed three times with PBS,
pH 7·4. Serum samples, diluted 1 : 100 in blocking solution,
were incubated on the plates for 1 h at room temperature.
Plates were then washed three times with PBS, pH 7·4 and
horseradish peroxidase (HRP)-conjugated goat anti-human
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γ

 

-chain or 

 

µ

 

-chain anti-serum (Jackson Laboratories, West
Grove, PA, USA), diluted 1 : 5000 in blocking solution,
added for 1 h at room temperature. Plates were again washed
three times with PBS, pH 7·4, and the assay developed by
addition of 1 mg/ml 

 

o

 

-phenylaminediamine dihydrochlo-
ride (Sigma) in 0·1 

 

M

 

 citrate buffer, pH 5·5, containing
freshly prepared 0·005% H

 

2

 

O

 

2

 

. The reaction was stopped by
the addition of 10% HCl and the optical density determined
at 490 nm. Multiples of the median (MOM) values were cal-
culated in reference to 284 healthy individuals from a non-
malarious area, as published previously [15].

 

Solid phase aββββ

 

2GPI ELISA

 

β

 

2GPI was purified from normal human plasma as described
previously [16]. ELISA plates were coated overnight at 4

 

°

 

C
with 50 

 

µ

 

l 

 

β

 

2GPI (10 

 

µ

 

g/ml in 0·1 

 

M

 

 carbonate buffer,
pH 9·0). The antigen solution was discarded and plates
blocked with 5% non-fat milk powder (NFM) dissolved in
PBS containing 0·05% Tween 20 (PBST), pH 7·4, for 1 h at
room temperature. Plates were washed three times with PBST
before serum samples diluted 1 : 200 in blocking solution
were added and incubated for 1 h at room temperature.
Thereafter, the method was the same as for the aPL assays.

 

HIV testing

 

Anonymous HIV testing was carried out on the maternal
samples using a non-quantitative ELISA technique (Gen-
screen

 

®

 

 HIV 1/2 version 2; Bio-Rad, Marnes-la-Coquette,
France).

 

Haemoglobin estimation

 

Maternal and cord haemoglobin concentrations were mea-
sured with the HemoCue

 

®

 

 (Angelholm, Sweden).

 

Statistical analyses

 

Data entry and analyses were carried out in SPSS version 12
(Apache Software Foundation, Forest Hill, MD, USA). Vari-
ables associated commonly with malarial pregnancy were

investigated under univariate analysis. Because aPL levels
were not normally distributed, non-parametric analyses
were performed using Mann–Whitney 

 

U

 

 and Kruskal–Wallis
tests. Parametric analyses used independent 

 

t

 

-tests, and cat-
egorical analyses used a 

 

χ

 

2

 

 test.

 

Ethical considerations

 

This study was approved by the Ethics Committees of the
Liverpool School of Tropical Medicine and Kumasi Univer-
sity prior to commencing fieldwork. All laboratory data,
with the exception of bedside haemoglobin measurements,
were anonymous. Codes linking results to individual
patients were erased prior to data entry. Informed consent
was obtained from each mother, and anonymous HIV test-
ing was discussed specifically.

 

Results

 

Patient cohort

 

Sera and histological data were available for 103 HIV-non-
infected women. Mean maternal age (standard deviation,
s.d.) was 26·5 years (6·6 years) and 38·8% were primiparae;
multiparity refers to all parities greater than one. Mean
infant gestational age (s.d.) was 38·5 weeks (3·2 weeks), and
mean birth weight (s.d.) was 3022 g (442 g). Most women
(93·1%) had documented attendance for at least one ante-
natal clinic.

Evidence of malaria infection was present in 33/103 pla-
centae (32·0%) and there were no cases of cord parasitaemia.
Active infection was found in 18 (17·5%) and past infection
in 15 (14·6%). The prevalence of placental malaria among
primigravidae was 20/40 (50·0%) and 13/63 (20·6%) among
multiparae (relative risk 2·42; 1·36–4·31). Over half the
women (58·3%) reported a history of using anti-malarials
during pregnancy.

Table 1 summarises the characteristics of the sample pop-
ulation according to placental histology. There was a higher
proportion of primiparae among women with placental
infection than those with no evidence of infection

 

Table 1.

 

Study population parameters according to placental malaria histology.

Placental group

Number of

primiparae*

(%)

Mean

maternal

haemoglobin**

g/l (s.d.)

Mean cord

haemoglobin

g/l (s.d.)

Geometric mean

maternal total

serum IgG**

g/l (95% CI)

Mean 

birth 

weight†

g (s.d.)

Mean

neonatal

length

cm (s.d.)

Mean fetal–

placental

weight ratio

(s.d.)

Mean 

gestation

(weeks)

(s.d.)

Neonatal

sex ratio

M : F

Non-infected 20 118 129 25·2 3101 49·6 6·13 38·8 1·06

(

 

n

 

 

 

=

 

 70) (29) (15) (22) (23·9–26·7) (385) (2·9) (1·25) (2·7)

Active infection 11 104 130 31·6 2911 49·6 5·94 39·6 1·57

(

 

n

 

 

 

=

 

 18) (61) (15) (24) (27·7–36·0) (327) (1·8) (1·03) (2·2)

Past infection 9 104 130 29·1 2787 48·1 5·91 36·4 0·67

(

 

n

 

 

 

=

 

 15) (60) (19) (16) (25·5–33·2) (673) (2·2) (1·62) (4·9)

*

 

P

 

 (infected 

 

versus

 

 non-infected) 

 

<

 

 0·01, 

 

χ

 

2

 

 test; **

 

P

 

 (infected 

 

versus

 

 non-infected) 

 

<

 

 0·001, independent 

 

t

 

-test; †

 

P

 

 (infected 

 

versus

 

 non-

infected) 

 

<

 

 0·01, independent 

 

t

 

-test.
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(

 

P 

 

=

 

 0·002). Infants born to infected primiparae were smaller
than those born to non-infected primiparae (2685 

 

versus

 

2935 g; 

 

P

 

 

 

=

 

 0·088); infants born to multiparae were similar
regardless of infection (3115 

 

versus

 

 3168 g; 

 

P

 

 

 

=

 

 0·653). The
birth weight of infants born to infected primiparae was
reduced compared with infants born to infected multiparae
(2685 

 

versus

 

 3115 g; 

 

P

 

 

 

=

 

 0·015). Reduced maternal haemo-
globin (

 

P 

 

<

 

 0·001) and birth weight (

 

P 

 

=

 

 0·007), and raised
maternal total serum IgG (

 

P 

 

<

 

 0·001), were associated with
placental malaria. There was no association between placen-
tal infection and a history of using anti-malarials during
pregnancy (

 

P 

 

=

 

 0·327).

 

aPL levels

 

Figures 1 and 2 illustrate the relationships between placental
malaria infection and aPL levels according to parity. Multi-
parae with placental malaria, both active and past infection,
had significantly elevated concentrations of IgG aCL
(

 

P 

 

=

 

 0·006), IgM aCL (

 

P 

 

=

 

 0·018), IgG aPS (

 

P 

 

=

 

 0·035) and
IgM aPS (

 

P 

 

=

 

 0·009) compared with non-infected multi-
parae. This was most pronounced for IgM aPL in multiparae
with past infection (both 

 

P

 

 

 

=

 

 0·003) (Fig. 2). No significant
differences were found for a

 

β

 

2GPI. There were no significant
differences in aPL levels between infected primiparae com-

 

Fig. 1.

 

IgG anti-phospholipid antibody (aPL) responses to placental malaria infection according to parity. Concentrations expressed as multiples of 

the median (MOM). Bar and box represent median and interquartile range. Whisker represents range of values within 1·5 box lengths of median.
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Fig. 2.

 

IgM anti-phospholipid antibody (aPL) responses to placental malaria infection according to parity. Concentrations expressed as multiples of 

the median (MOM). Bar and box represent median and interquartile range. Whisker represents range of values within 1·5 box lengths of median.
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pared to non-infected primiparae, as well as no significant
parity differences in aPL levels in active placental infection.

Among non-infected women, primiparae had signifi-
cantly higher concentrations of IgG aCL (P = 0·036) and aPS
(P = 0·039) compared with multiparae (Fig. 1); elevated con-
centrations of IgG aβ2GPI were also observed (P = 0·060).
However, in these women the absolute MOM levels for aPLs
were rarely elevated markedly (above 3·0 MOM) and hence
these observations may be of limited clinical significance.
Also, among women with no evidence of placental malaria,
those who took anti-malarial drugs had lower levels of IgG
aβ2GPI than those who denied having taken such drugs (1·3
versus 1·1 MOM; P = 0·024).

In women with placental malaria, both active and past
infection, IgM aCL levels in excess of the 99th MOM were
associated with non-significant trends for increased mater-
nal age, higher cord and maternal haemoglobin, heavier
babies and increased fetal–placental weight ratio (Table 2).
Infected women with high IgM aPS levels tended similarly to
be older and delivered heavier babies with an increased fetal–
placental weight ratio. Those with high IgM aβ2GPI tended
to be younger, more anaemic and delivered shorter babies
with lower fetal–placental weight ratios. Infected women
with high levels of aβ2GPI (n = 5) had smaller placentae than
women with lower levels (n = 28) (440 g versus 505 g;
P = 0·035); other parameters were not significant. The num-
ber of infected women with high levels of IgG aCL and aPS
was too small to undergo statistical analyses.

Discussion

This study reports a significant association between parity
and specific aPL in malarial pregnancy. Multiparous women

demonstrated IgM aCL and aPS responses in placental
malaria, which were β2GPI co-factor-independent. Among
these, the most vigorous responses were associated with
resolving malaria infections, when parasites had been cleared
from the placenta. In contrast, no association emerged for
the aPL profile in primiparae with malaria infection, who
have a greater prevalence of placental parasitaemia and more
severe consequences of the disease. Primiparae with no evi-
dence of malaria infection at delivery presented elevated lev-
els of IgG aCL, aPS and aβ2GPI compared with non-infected
multiparae; it is probable that many of these were infected
earlier in pregnancy but had recovered [17]. It is thought
that aPL are produced in a T cell-independent manner in
response to malarial PL-containing antigens, and the immu-
noglobulin isotype of aPL in malarial pregnancy appears
unlikely to represent the classical class switching of primary
and secondary responses to infectious agents within this
hypergammaglobulinaemic sample population [1].

Understanding the β2GPI co-factor dependency of aPL in
malarial pregnancy is important because of potential the
pathological effects of aβ2GPI on the placenta [6,18] and
that these antibodies might play a role in parasite sequestra-
tion through endothelial activation and up-regulation of
adhesion molecules [19]. This could be particularly impor-
tant given that aPL may bind to endothelial cells only
following an independent triggering event, and malaria
infection might be such an event [20]. The consensus in the
literature is that aPL in non-pregnancy malaria are β2GPI-
independent [2]. Our data also do not support a significant
association between aβ2GPI levels and placental malaria
infection although, in women who reported using anti-
malarial drugs during pregnancy, there was a significant
decrease in the median level of IgG aβ2GPI but the absolute

Table 2. Malaria parameters in relation to IgM anti-phospholipid antibodies (aPL) responses in women with placental infection.

Antibody profile

Mean

maternal

age

years (s.d.)

Mean

maternal

haemoglobin

g/l (s.d.)

Mean cord

haemoglobin

g/l (s.d.)

Geometric mean

maternal total

serum IgG

g/l (95% CI)

Mean 

birth weight

g (s.d.)

Mean

neonatal

length

cm (s.d.)

Mean fetal–

placental

weight ratio

(s.d.)

Mean 

gestation

weeks (s.d.)

aβ2GP1

Low 25·7 106 129 30·2 2870 49·4* 6·02 38·1

(n = 23) (7·3) (22) (25) (27·1–33·6) (512) (1·8) (1·37) (3·8)

High 22·2 98 132 31·0 2820 47·9* 5·70 37·5

(n = 10) (4·7) (18) (11) (25·5–37·6) (527) (2·4) (1·20) (4·8)

aCL

Low 23·8 101 127 30·4 2813 49·1 5·91 38·5

(n = 24) (6·7) (18) (23) (27·1–34·1) (457) (1·8) (133) (3·9)

High 26·9 112 136 30·4 2967 48·5 5·97 36·4

(n = 9) (6·5) (27) (11) (26·0–35·5) (644) (2·7) (1·33) (4·2)

aPS

Low 23·9 105 130 30·5 2817 49·0 5·82 38·1

(n = 29) (6·4) (22) (22) (27·6–33·7) (511) (2·1) (1·34) (4·3)

High 29·8 98 130 29·7 3125 48·6 6·66 37·2

(n = 4) (7·9) (16) (13) (22·7–39·1) (457) (1·9) (0·91) (1·8)

*P (high versus low aβ2GPI) = 0·045, independent t-test (‘high’ = values above 99th centile; ‘low’ = values below 99th centile).
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MOM levels suggested that this may be of limited clinical
significance.

We hypothesize that parity-specific changes in the aPL
profile may represent a component of the parity-dependent
protective immune response to placental malaria [10]. In the
absence of anti-adhesion antibodies acquired in later preg-
nancies, primiparae may develop an extensive intervillous
mononuclear infiltrate in the placenta [20], generating sig-
nificantly elevated levels of the proinflammatory cytokines
interferon (IFN)-γ, interleukin (IL)-2 and TNF-α [11,21].
Although inflammatory cytokines are beneficial in control-
ling parasitaemia [22], excessive concentrations exacerbate
fever and other symptoms [23] and have been implicated in
the pathogenesis of cerebral malaria in children [24]. This
exaggerated Th1-type response in placental malaria is asso-
ciated with low birth weight [21], itself an adverse risk factor
for infant morbidity and mortality [25].

Our results show that babies born to multiparae maintain
birth weight despite placental malaria infection. This reflects
the reduced disease severity described in multiparae, a con-
sequence of acquisition of specific immunity limiting
inflammatory placental infiltrates [20]. Among infected
women with high levels of aCL, trends were observed for
improved maternal and cord haemoglobin concentrations as
well as increased birth weight, despite shorter gestation and
similar total immunoglobulin concentrations. Women in the
high aCL group were older, as were infected women with
high aPS who also delivered heavier babies. In contrast, those
with high aß2GPI were younger, more anaemic, with shorter
babies and reduced fetal–placental weight ratios. Most of
these differences did not reach statistical significance as sub-
groups were small, but the trends were consistent. Of partic-
ular interest is the potential role of aCL in reducing the
severity of fetal anaemia associated with malarial pregnancy
[25,26]. Cord haemoglobin levels in the present study were
considerably lower than values from non-malarious areas
and, in malarious areas, fetal anaemia has been associated
with placental parasite density [27].

Highest levels of IgM aCL and aPS were noted in multi-
parae with past infection, when haemozoin trapped within
intervillous fibrin was evident but parasites had been cleared.
Together with the improved clinical parameters described
above, these data indicate that high aPL levels may represent
a protective response to placental parasitaemia. Such aPL
may ameliorate the proinflammatory cytokine cascade
exacerbated by free PL because Plasmodium falciparum
glycosylphosphatidylinositol anchors are a major parasitic
component inducing TNF-α production by macrophages in
malaria [12]. Although a recent study [28] found no associ-
ation between antibodies to P. falciparum glycosylphosphati-
dylinositol anchors and placental TNF-α levels or the
presence of acute or chronic placental malaria in term and
preterm deliveries, several other studies have proposed a
protective role for aPL in non-pregnant adults and children
with malaria [1,2]. A brisk aPL response might block TNF-α

induction and improve morbidity. In primiparae, there was
no association between placental malaria at delivery and
aPL; conversely, uninfected primiparae had significantly ele-
vated IgG aCL and aPS levels compared with uninfected
multiparae. This may reflect prior malaria exposure earlier
in pregnancy in women who had cleared their parasitaemia
by term.

Our data demonstrated all the expected associations
between placental malaria, hypergammaglobulinaemia,
maternal anaemia, birth weight and parity [9], and therefore
the other associations which emerged warrant careful con-
sideration. Because the sample size was small and the study
lacked sufficient power to fully investigate morbidity, a lon-
gitudinal study throughout pregnancy is now required, cor-
relating episodes of peripheral parasitaemia with aPL profile,
placental histology and pregnancy outcome.
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