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Abstract
Objective
To investigate the distribution of various anti-anionic and anti-cofactor phospholipid antibodies in children with kala-azar,
and to compare them to malaria, toxoplasmosis and auto-immune disease.

Patients and Methods
The frequency and the concentration of antibodies against cardiolipin (aCL), phosphatidylserine (aPS), phosphatidylinositol
(aPI), phosphatidic acid (aPA), B2GPI (anti-B2GPI), prothrombin (aPT), annexin V (aAnnV), protein C (aPnC) and protein
S (aPnS) were studied in sera from 103 children with kala-azar and compared with malaria (n=32), toxoplasmosis (n=31),
systemic lupus erythematosus (SLE) (n=40) and antiphospholipid syndrome (APS) (n=35).

Results
The prevalence of aCL, aPS, aPI, aPA, anti-B2GPI, aPT, aAnnV, aPnC and aPnS was 54%, 56 %, 43%, 28%, 73 %, 67 %,
55%, 30%, 25%, respectively. Ninety-three per cent of children with kala-azar (96/103) had one or more aPL specificities,
but none had thromboses. The spectrum of aPL was quite similar to that found in patients with SLE and APS.

Conclusion
Antiphospholipid antibodies are a frequent finding in kala-azar. The aPL produced mimic those found in autoimmune
disease. However, further studies are required to assess the exact role of these aPL during leishmaniasis.
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Introduction

Antiphospholipid antibodies (aPL) are
a heterogeneous family of autoantibod-
ies recognizing various phospholipid
antigens (1-3). It is well established that
some aPL, particularly those found in
patients with autoimmune disorders like
systemic lupus erythematosus (SLE) or
antiphospholipid syndrome (APS), may
lead to thromboses, multiple abortions,
thrombocytopenia and a wide variety of
other complications (1-3). However, aPL
were also reported in many infectious
diseases including viral, bacterial and
parasitic infections, where, in contrast to
autoimmune diseases, they do not seem
to be associated with thromboses (4).
This led to distinguish pathogenic and
non-pathogenic aPL. Why these aPL
have different behaviour remains un-
known. It was suggested that the binding
target of aPL differs in these two condi-
tions (1-3). Indeed, in autoimmune disor-
ders, aPL require phospholipid proteins
which are their main target, and thus are
referred to as being cofactor dependent,
whereas those generated in response to
infection generally are cofactor inde-
pendent. However, the demonstration of
anti-cofactor antibodies in patients with
viral, bacterial and parasitic infections
makes this dichotomy controversial (5).
Furthermore, accumulating reports have
established that many infections may
not only trigger the production of aPL
but also appear be associated with APS
clinical manifestations (6-8).

In infectious diseases, most studies
have focused on IgG and IgM isotypes
of aCL and anti-B2GPI; whereas IgA
isotypes as well as other aPL specifici-
ties were less commonly studied (9-11).
Moreover, studies on aPL were carried
out in predominantly white populations
but data about other groups and ethnics
are scarce. The reported prevalence of
aPL varies widely between studies, and
ranges between 0-90% (5, 9-11). In pa-
tients with kala-azar, the occurrence of
aPL was only reported in a single Bra-
zilian study (n=30), where the reported
frequencies of IgG aCL, IgM aCL and
IgG anti-B2GPI were 6%, 3% and 53%,
respectively (9).

In this study, we aimed to assess the fre-
quency of various antigenic specificities
of aPL, including different anti-anionic
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phospholipid and anti-cofactor antibod-
ies, in Tunisian patients with kala-azar,
and to compare them with malaria, tox-
oplasmosis, SLE and APS patients.

Visceral leishmaniasis is endemic in
Tunisia, where it is caused by leishma-
nia infantum and mainly affects chil-
dren. It is well known that this infection
is accompanied by a depth immune dis-
turbance characterized by the produc-
tion of a large variety of autoantibodies
together with various autoimmune per-
turbations (12-14), and hence, theoreti-
cally high risk of developing aPL.

Patients and methods

Patients and sera

Sera from 103 children suffering from
visceral leishmaniasis (42 females, 61
males; mean age = 3.5 years, range 8
months to 11 years) were retrospective-
ly investigated for aPL antibodies. The
diagnosis of kala-azar was based up on
the presence of amastigotes of leishma-
nia infantum in the bone marrow aspi-
ration and significant titer of anti-leish-
maniasis antibodies in the indirect im-
munofluorescence test. Blood samples
were collected just before initiation of
treatment. Medical records during the
hospital stay, the treatment and the pe-
riod of control, which lies between 3
to 10 months, were retrospectively re-
viewed for all these children in order to
identify a possible documented history
of thrombosis. In addition, among the
103 children studied, the persistence
of aPL were studied in 35 patients for
whom subsequent serum samples after
treatment were available. These sam-
ples were obtained between 1 to 12
months (mean = 20 weeks) after the
initiation of treatment.

For a comparative purpose, the following
sera were also investigated:

31 sera from females with recently ac-
quired toxoplasmosis infection (mean
age =17.3 years, range 8 to 28 years);
32 sera from patients with falciparum
malaria (21 males, 11 females; mean
age =27.7 years, range 20 to 35 years);
40 sera from females with SLE (mean
age =33.2 years, range 20 to 56 years).
The diagnosis of SLE was established
according to the American Rheuma-
tology Association criteria (15) and
35 sera from patients with APS (26
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females, 9 males; mean age = 27.1
years, range 18 to 47 years) including
27 primary APS (PAPS) cases and 8
secondary APS (SAPS) cases associ-
ated to SLE. The diagnosis of APS was
made according to the updated APS
criteria (16). Twenty-five patients had
venous or arterial thrombosis and 10
patients had multiple unexplained fe-
tal loss beyond the 10" week of ges-
tation. The biological criteria were the
presence of aCL, anti-f2GPI antibod-
ies and/or lupus anticoagulant (LA) on
two occasions at 12 weeks apart. LA
was determined according to the rec-
ommendations of the International So-
ciety for Thrombosis and Haemostasis
Standardization Subcommittee (ISTH)
(17), aCL antibodies were tested by a
home-made ELISA or commercial kit,
and anti-B2GPI antibodies were tested
by commercial kit.

Laboratory investigations

Detection of anti-anionic phospholi-
pid antibodies: Antibodies against
cardiolipin (aCL), phosphatidylserine
(aPS), phosphatidylinositol (aPI) and
phosphatidic acid (aPA), were detected
by commercial ELISA kits (Orgentec
Diagnostica, Mainz, Germany) which
distinguish between IgG, IgM and IgA
isotypes for aCL and between IgG and
IgM for aPS, aPA and aPI antibodies.
This commercial ELISA system allows
the detection of both B2GPI-depend-
ent and independent anti-anionic phos-
pholipid antibodies.

Detection of anti-cofactor antibod-
ies: IgG, IgM and IgA isotypes for
anti-B2GPI and anti-prothrombin anti-
bodies (aPT), and IgG and IgM anti-
annexin V antibodies (aAnnV) were
measured by commercial ELISA Kkits
(Orgentec Diagnostica, Mainz, Ger-
many) according to the manufacturer’s
recommendations.

Detection of anti-protein S and anti-
protein C antibodies: All sera, except
those from patients with APS, were
screened for IgG and IgM isotypes of
anti-protein S (aPnS) and anti-protein
C (aPnC) antibodies by a home-made
ELISA method as previously reported
(10,18). Briefly, irradiated polystyrene
plates (Nunc-Intermed, Raskilde, Den-
mark) were coated overnight with Sug/

mL of protein C or protein S (Diagnos-
tica Stago, Asnieres, France) in TBS
(50 mmol/L Tris-HCI, 0.1 mol/L NaCl,
pH 7.4). The plate wells were blocked
by incubation for 1 hour at 25°C with
50 uL of TBS containing 1% bovine
serum albumin (BSA, Sigma). After
washing three times with TBS-0.1%
Tween 20, 50 uL of diluted serum or
controls (1:100) in TBS-Tween-BSA
1% were added in each well and plates
were incubated for 60 min at room tem-
perature. The plates were washed three
times with TBS-Tween and horseradish
peroxidase-conjugated goat anti-hu-
man IgG or IgM (Sigma) added for one
hour at 25°C. Plates were again washed
three times and the assay developed
using TMB solution. The reaction was
stopped by addition of S0ulL of HCI
(IM) and the absorbance measured at
450 nm. All samples were tested in du-
plicate and control wells (coated only
with TBS) were systematically used for
each serum to ensure specific binding.
Interpretation of results: All aPL ELI-
SAs using commercial kits were per-
formed according to the “minimal
requirements” proposed by the Eu-
ropean APL Forum (19). Each com-
mercial ELISA kit contains polyclonal
calibrators and control samples allow-
ing the calibration of the assay and the
measurement of aPL concentration.
The aCL results were expressed as
GPL, MPL and APL units/mL for IgG,
IgM and IgA, respectively, whereas
concentrations of the other aPL were
expressed in U/mL. The threshold
for negative and positive values were
defined by the manufacturer as con-
centrations below and more than 10
U/mL, respectively, with the follow-
ing exceptions: cut-off value for IgM
aCL was 7 MPL/mL; cut-off value for
IgG, IgM and IgA anti-B2GPI was 8
U/mL; IgG and IgM aAnnV results
were reported as negative (<5U/mL),
borderline (5-8 U/mL) and positive
(>8 U/mL). In our laboratory, these
values were checked to correspond ap-
proximately to the 95% percentiles of a
healthy Tunisian blood donors group.
Anti-PnC and anti-PnS cut-offs were
calculated by the method of percen-
tiles. The threshold for positive values
was defined by optical density >95%
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percentile from a group of 100 healthy
blood donors. The calculated aPnC and
aPnS cut-off values were 0.24 for IgG
aPnC, 0.47 for IgM aPnC, 0.64 for IgG
aPnS and 0.75 for IgM aPnS.

Statistical analysis

Statistical analyses were performed
with SPSS for Windows version 10.0.
Because the distribution of aPL levels
was not Gaussian, their concentrations
were presented as median and inter-
quartile range. Comparative analyses
were performed using z-test and >
method for quantitative and qualitative
variables, respectively. Pearson’s corre-
lation coefficient (r) was used to ana-
lyse association between pairs of aPL
in patients with kala-azar. The thresh-
old for statistical significance was set at
p<0.05.

Results

Prevalence of aPL antibodies
Ninety-six out of the 103 patients with
visceral leishmaniasis (93%) were pos-
itive for at least one type of aPL, versus
20 of 31 (64%) in toxoplasmosis, 14 of
32 (43%) in malaria, 27 of 41 (65%) in
SLE and 19 of 26 (73%) in APS. The
frequencies and the isotypes of various
anti-anionic phospholipid and anti-co-
factor antibodies in the 5 groups stud-
ied are summarized in Tables I and II,
respectively.

The comparison of the frequency of
aPL positive patients between the dif-
ferent groups showed significant higher
frequencies in kala-azar as compared
to toxoplasmosis and malaria for IgG
isotype of aCL (p=0.003 and <0.0001),
anti-B2GPI (both p<0.0001), aPT (both
p<0.0001), aPI (p=0.04 and 0.03), aPS
(both p<0.0001) and aAnnV (both
p<0.0001); and as compared to SLE
and APS for IgG anti-B2GPI (p<0.0001
and 0.006), aPT (both p<0.0001) and
aAnnV (p=0.001 and 0.02). In contrast,
there was no difference between kala-
azar and SLE and APS groups for IgG
aCL and the remaining anti-anionic
phospholipid antibodies. IgM isotypes
of aCL, aPI and anti-B2GPI were sta-
tistically more frequent in kala-azar
than in toxoplasmosis (aCL, p=0.03;
aPI, p=0.03; anti-p2GPI, p=0.002) and
malaria (aCL, p=0.008; aPI, p=0.01;
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Fig. 1. Concentrations of IgG and IgM anti-anionic aPL in the different populations studied: Malaria (a); Toxoplasmosis (b); Kala-azar (c); LES (d) and
APS (e). Results are expressed as GPL /mL and MPL/mL for IgG and IgM aCL, respectively, and as UI/mL for the other anti-anionic aPL. Bar and box
represent median and interquartile range. Whisker represents range of values.
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anti-B2GPI, p=0.005), but not than in
SLE and APS groups. However, the
frequencies of IgG and IgM isotypes
of aPnC, aPnS and aPA did not demon-
strate any difference between the kala-
azar and the other groups. Moreover,
we did not find statistical differences
between the 5 groups studied concern-
ing the frequency of the IgA isotypes of
aCL, anti-B2GPI and aPT.

Concentrations of aPL antibodies

The median and interquartile range of
anti-anionic phospholipid and anti-co-
factor antibodies levels in the 5 groups
studied are summarized in figures 1, 2
and 3. In kala-azar, aPL concentrations
>40 U/mL were demonstrated for the
following specificities: IgG aCL (n=3);
IgG and IgM aPI (n=3 and n=6); IgG
and IgM aPS (n=4 and n=3); IgG and
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IgM aPA (n=1 for both); IgG, IgM and
IgA anti-B2GPI (n=6, n=5, n=4); IgG
and IgM aPT (n=11, n=1); IgG and
IgM aAnnV (n=14, n=1). Among chil-
dren with kala-azar, 33 had at least one
aPL>40 U/mL (32%). In addition, con-
centrations more than 99" percentiles
were found in 4 and 3 sera for IgG and
IgM aPnC, respectively; and in 3 sera
for IgG aPnS.
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Correlation between aPL antibodies
Antiphospholipid antibodies of IgG
isotype demonstrated highly signifi-
cant correlations (p<10-) between the
following specificities: aCL with aPI
(r=0.62), aPA (r=0.7), aPS (r=0.65)
and anti-B2GPI (r=0.52); aPI with aPA
(r=0.91), aPS (r=0.83) and anti-f2GPI
(r=0.81); aPA with aPS (r=0.74) and
anti-p2GPI (r=0.79); aPS with anti-
B2GPI (r=0.49), aPT (r=0.41) and
aAnnV (r=0.48); aAnnV with aPnC
(r=0.34). For the IgM isotypes, highly
significant correlations (p<102) were
found between the following spe-
cificities: aCL with aPI (r=0.67), aPA
(r=0.83), aPS (r=0.63) and anti-p2GPI
(r=0.85); aPI with aPA (r=0.84), aPS
(r=0.87), anti-B2GPI (r=0.69) and aPT
(r=0.36); aPA with aPS (r=0.79), anti-
B2GPI (r=0.77) and aPT (r=0.4); aPS
with anti-32GPI (r=0.56), aPT (r=0.51)
and aAnnV (r=0.4); aAnnV with aPnC
(r=0.61). However, there was no corre-
lation between the following pairs: IgG
aPS with aCL, aPI, aPA, anti-B2GPI,
aPT and aAnnV; IgG aPnC with aCL
and anti-B2GPI; IgG anti-2GPI with
aAnnV and aPT; IgM aPnC with aCL,
aPI, aPA and anti-f2GPI. The remain-
ing associations demonstrated moder-
ate correlations (p<0.05). For IgA iso-
types, highly significant correlations
were found between aCL and anti-
B2GPI (r=0.75; p<1073), as well as be-
tween aCL and aPT (r=0.3; p=0.002).
However, the concentration of IgA
anti-B2GPI showed no significant cor-
relation with aPT.

aPL
titers

60 -
S0 -
40 -
30 .

20

(n=29)  (n=29) (n=29)

(n=17)

12 months

(n=15)  (n=15)

Fig. 4. Follow-up study of IgG and IgM isotypes of aCL and aB2GPI in 29 children with kala-azar.
(—):1gG aCL; (- --):IgM aCL; (.....) : IgG aB2GPI ; (-----) : IgM ap2GPL

Results are expressed as GPL /mL and MPL/mL for IgG and IgM aCL, respectively, and as UI/mL for
IgG and IgM aP2GPI. Bar and whisker represent median and range of values, respectively.

Persistence and clinical significance
of aPL antibodies

All 35 children investigated for post-
treatment persistence of aPL were
found positive for IgG and/or IgM
aCL and anti-B2GPI before initiation
of treatment, and in 29 of them these
antibodies persisted over the follow-up
period, even though in some of them
the aPL titers showed a slight decrease
(Fig. 4). Of note, all the aPL positive
children, ultimately healed. Despite the
high frequency of aPL occurrence, the
review of patients’ medical records did
non identify any children with a history
of documented thromboembolism.
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Discussion

In this study, we demonstrated the
frequent occurrence of aPL in a large
series of 103 cases of visceral leish-
maniasis. Antiphospholipids were di-
rected against both anionic phospholi-
pid antigens and phospholipid binding
proteins, and in some cases, their levels
were significantly elevated with strong
correlations between the concentra-
tions of pairs of aPL. However, none of
children with aPL had thromboses.

In infectious diseases, aCL and anti-
B2GPI were by far the most studied
among aPL. As far as kala-azar is con-
sidered, only a prior study, conducted in
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Brazil, assessed IgG and IgM isotypes
of aCL and anti-B2GPI (9). Santiago et
al. reported a 53% anti-B2GPI frequen-
cy in 30 Brazilian children with kala-
azar (16/30). This result is quite similar
to that shown in our study (75/103).
However, aCL were only detected in
6% (2/30) of Brazilian patients as op-
posed to the high proportion of aCL
positive patients in our study (54%). In
both Brazil and Tunisia, visceral leish-
maniasis is caused by the same species
of leishmania, thus the parasite species
itself can not explain the difference in
the aCL frequency observed.

In our study, we showed that antibodies
to PS, PI and PA were frequent in kala-
azar as well as in malaria, toxoplasmo-
sis and autoimmune diseases. Our re-
sults were quite similar to the findings
of Petrovas et al., who reported aPS
and aPI in 56% and 34% of 44 HIV in-
fected patients, respectively; whereas,
anti-B2GPI were only detected in 5%
of them (20). In contrast, in a series of
46 patients with infectious mononucle-
osis and 50 with Helicobacter pylori
infection, Sorice M et al. did not find
aPS antibodies, whereas aCL and anti-
B2GPI were detected in 30.4 and 8%,
respectively (10). In patients with au-
toimmune disease, anti-anionic phos-
pholipids were reported in about 5 to
60%, but the diagnosis value and the
clinical significance of these aPL sub-
sets remain controversial (21-23).
Anti-prothrombin  antibodies  were
demonstrated in a high proportion of
patients with SLE (50-60%) and with
APS (45%), and in about 16% of wom-
en with recurrent pregnancy loss (24-
26). However, the clinical usefulness of
aPT is controversial, and subsequently
they are not included in the APS classi-
fication criteria (16). Anti-prothrombin
antibodies were also found in 4 to 43%
of patients suffering from various in-
fectious diseases without thrombosis
(10-11). In our study, the prevalence
rates of aPT were 68% in patients with
kala-azar, 9% with malaria, 3% with
toxoplasmosis, 38% with SLE and
20% with APS.

Many studies showed that aAnnV were
an independent risk factor for miscar-
riages, and its frequency lies between
5.5% and 17% in women with recurrent

abortion (24, 27). In addition, aAnnV
were found in 20 to 30% of patients
with SLE and APS; but in both situa-
tions, no association between aAnnV
and thrombotic risk could be demon-
strated (18, 24). Antibodies to PnC and
PnS were found in about 20-30% of pa-
tients with SLE, and shown to be close-
ly related to venous thrombosis (18).
Only a single previous study assessed
the prevalence of aAnnV and aPnS in
patients with infectious diseases (10).
In this study, the reported frequencies
were 26% and 21.7% in infectious
mononucleosis and 2% and 4% in Heli-
cobacter pylori infection, respectively.
In our series of patients, we found that
aAnnV were more frequent in kala-azar
than in the other groups, and that the
concentration of these antibodies cor-
related strongly with all other aPL spe-
cificities. In addition, we found raised
levels of aPnC and aPnS in 30% and
25% of patients with kala-azar, respec-
tively, a figure somewhat similar to that
found in LES.

However, the aPL frequencies found
in our study need cautious interpreta-
tion due to the age difference between
children with kala-azar and control pa-
tients; indeed, it was demonstrated that
aPL may be common in children (28).

Our results and others concluded to the
existence of a very broad range in the
reported aPL frequency during infec-
tious diseases. These conflicting results
may be due to the type of infection
itself, indeed viral agents seem to be
more involved in the aPL production
than parasitic or bacterial agents (4,
8). However, additional factors may
be involved. First, the lack of stand-
ardization in assays used together with
methodological problems regarding
the definition of positivity threshold,
the calibration and the type of assay
used (commercial vs. home-made), are
a major drawback in assessing assay
reproducibility and comparisons (19,
29-32). Second, the disease stage and
the coexistence of dual infection may
constitute a serious bias in the analysis
of the aPL frequency. Indeed, aPL may
be transient during the course of the
infection, and in co-infected patients
it may be difficult to assess the rela-
tive contribution of each infection in
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aPL production (4, 11). Third, the oc-
currence of aPL may be influenced by
genetic and ethnic factors (33-35). In
this respect, the high frequency of IgA
isotype of aCL and anti-B2GPI found
in our study together with prior reports
in African patients with SLE, APS and
infectious diseases but not in Europe-
ans suggest some link with ethnic fac-
tors and argue for a genetic role in aPL
production (11, 36-38).

Despite the high frequency, the persist-
ence and the high titer of aPL, which
are supposed to be strong criteria for the
thrombogenic character of aPL, we did
not found any thromboembolic compli-
cation in our kala-azar patients records,
even though infraclinical thrombosis
may have been outlooked and the peri-
od of follow-up not long enough to con-
firm the absence of thrombosis. Studies
on the pathogenesis of aPL generated
by infectious agents have mainly fo-
cused on their thrombotic role (39-41).
Surprisingly, some reports have dem-
onstrated that aPL may modulate in-
flammatory cytokines and/or enhance
apoptosis, and hence play a protective
role. In placental malaria, Owens et al.
found that high levels of aPL correlat-
ed with a reduced disease severity, and
showed that changes in the aPL profile
during pregnancy constitute a protec-
tive response to placental parasitemia
(42). The aPL protective role in malaria
was also demonstrated in non-pregnant
women and children (43). Moreover,
in HIV patients, Silvestris et al. found
that in vitro apoptosis of T lymphocyte
was increased in patients with high tit-
ers of aPS, and suggested that these
antibodies contribute in the clearance
of dead cells, and hence in the protec-
tion against thromboses (44). In leish-
maniasis, the surface phospholipid
antigens exhibited by the parasite play
a crucial role in the ability to evade im-
mune response and to increase its inva-
sive capacity (45). In a recent study, it
was demonstrated that the exposure of
PS inhibits macrophage inflammatory
activity in a way similar to apoptosis
death cells (46). Therefore a critical
question may arises. Does antibodies
produced against these phospholipids
play a protective role in such situation?
We hypothesize that aPL produced in
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the course of infections, by a molecular
mimicry and/or disturbance of immune
response, might play a protective role
by limiting extension and invasiveness
of the parasitic infection; but, paradoxi-
cally, aPL production may induce a hy-
percoagulable state which may lead, in
the presence of favourable conditions
as genetic background, environmental
factors, vessel state ... to thrombosis
events. The likely protective role of aPL
may constitute an additional field in
aPL pathogenesis research and requires
further investigation.

In conclusion, aPL production may
be a frequent feature during kala-azar.
Further prospective trials are required
to assess the clinical relevance of the
aPL produced.
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