
RESEARCH Open Access

Epidemiological, clinical and immune
factors that influence the persistence of
antiphospholipid antibodies in leprosy
Sandra Lúcia Euzébio Ribeiro1*, Helena Lúcia Alves Pereira1, Antonio Luiz Boechat2* , Neusa Pereira Silva3,
Emilia Ionue Sato3, Maria das Graças Souza Cunha4, Luiz Fernando de Souza Passos1 and
Maria Cristina Dos-Santos2

Abstract

Introduction: Antiphospholipid antibodies (aPL) are described in individuals with leprosy without the clinical
features of antiphospholipid antibody syndrome (APS), a condition involving thromboembolic phenomena. We
have described the persistence of these antibodies for over 5 years in patients with leprosy after specific treatment.

Objectives: To determine whether epidemiological, clinical and immunological factors played a role in the long-
term persistence of aPL antibodies in leprosy patients after multidrug therapy (MDT) had finished.

Methods: The study sample consisted of 38 patients with a diagnosis of leprosy being followed up at the
Dermatology and Venereology Outpatient Department at the Alfredo da Matta Foundation (FUAM) in Manaus, AM.
ELISA was used to detect anticardiolipin (aCL) and anti-β2 glycoprotein I (anti-β2GPI) antibodies. Patients were
reassessed on average of 5 years after specific treatment for the disease (MDT) had been completed.

Results: Persistence of aPL antibodies among the 38 leprosy patients was 84% (32/38), and all had the IgM isotype.
Mean age was 48.1 ± 15.9 years, and 23 (72.0%) were male. The lepromatous form (LL) of leprosy was the most
common (n = 16, 50%). Reactional episodes were observed in three patients (9.4%). Eighteen (47.37%) were still
taking medication (prednisone and/or thalidomide). Mean IgM levels were 64 U/mL for aCL and 62 U/mL for anti-
β2GPI. In the multivariate binary logistic regression the following variables showed a significant association: age
(p = 0.045, OR = 0.91 and CI 95% 0.82–0.98), LL clinical presention (p = 0.034; OR = 0.02 and CI 95% = 0.0–0.76) and
bacterial index (p = 0.044; OR = 2.74 and CI 95% = 1.03–7.33). We did not find association between prednisone or
thalidomide doses and positivity for aPL (p = 0.504 and p = 0.670, respectively). No differences in the variables
vascular thrombosis, pregnancy morbidity, diabetes, smoking and alcoholism were found between aPL-positive and
aPL-negative patients.

Conclusion: Persistence of positivity for aPL antibodies was influenced by age, clinical presentation and bacterial
index. However, further studies are needed to elucidate the reason for this persistence, the role played by aPL
antibodies in the disease and the B cell lineages responsible for generation of these antibodies.
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Introduction
Antiphospholipid (aPL) antibodies are autoreactive im-
munoglobulins that are very closely related to each other
and react with anionic phospholipids. Thrombosis is the
most important clinical event for aPL associated syn-
drome. Various studies have shown aPL antibody posi-
tivity in infectious diseases [1–7] or after exposure to
some drugs [8]. Under these conditions, aPL are not
usually associated with the clinical complications attrib-
uted to antiphospholipid antibody syndrome (APS) [9],
are often short-lasting and can disappear when the infec-
tion is treated [1, 10]. Studies of leprosy patients with
aPL failed to identify an association between the pres-
ence of these antibodies and thrombotic manifestations
[1, 2, 5, 7, 11, 12].
Various studies have reported aCL antibodies in lep-

rosy patients in frequencies varying from 20 to 98%
using ELISA, primarily in lepromatous leprosy [5, 11,
13–20]. In tuberculoid forms the positivity is lower and
varies between 7 and 39.5% [16, 20].
The literature on positivity for anti-β2GPI antibodies

in leprosy patients is conflicting. Some authors [15,
19], reported low positivity (2.9% until 18%), while
others [1, 2, 5, 11, 12], report values from 39 to 89%.
IgM was the isotype most frequently found by various
authors [1, 2, 5]. However, in patients with the multi-
bacillary LL form, other authors failed to find a pre-
dominant isotype [11].
While short-term positivity for the aPL has been ob-

served in patients with infectious diseases such as infec-
tious mononucleosis [6] and hepatitis B [4], persistent
positivity has been reported in leprosy in two studies: in
one, five out of six patients were positive for anti-β2GPI
antibodies for 2 years after their initial assessment [11],
and in another, 32 patients who had completed MDT
were positive for aPL antibodies for more than 5 years
after their initial assessment [7]. The present study
therefore sought to identify which epidemiological, clin-
ical and immune factors contribute to persistence of
these antibodies.

Materials & methods
Study population
The study sample consisted of 38 patients, previously
described [7] with a diagnosis of leprosy and positive for
one of the antiphospholipid antibodies and were
followed up at the Dermatology and Venereology Out-
patient Department at the Alfredo da Matta Foundation
(FUAM) in Manaus, a referral center for treatment of
leprosy in the state of Amazonas, and agreed to take part
in the study. Serum samples and clinical data of these
patients were collected in two occasions (June 2004 to
October 2006 [7] and May 2010 to November 2011),
when the patients were assessed.

Blood samples and laboratory tests
To carry out the tests to detect aPLs and identify their
classes (IgG or IgM), 20 mL of peripheral venous blood
was collected in dry tubes from all the participants. After
centrifugation, the sera were aliquoted and frozen at −
20 °C in the FUAM laboratory. They were then sent to
the rheumatology laboratory at the Federal University of
São Paulo (UNIFESP) and the immunology laboratory at
the Federal University of Amazonas (UFAM), where the
tests were carried out. The sera collected and tested in
2004 were retested in 2012 together with the sera col-
lected in 2010 and 2011 using the same kits for aCL and
for anti-β2GPI antibodies used previously to validate the
results of the earlier tests.

Anticardiolipin antibodies (aCL)
ELISA was used to measure aCL with plates prepared
in-house according to a standardized protocol used in
the UNIFESP rheumatology laboratory. The ELISA
plates (Polysorp NUNC, USA) were first sensitized with
50 μL/well of bovine heart cardiolipin (Sigma-Aldrich,
St. Louis, MO, USA) dissolved in ethanol at a concentra-
tion of 50 μg/mL and kept overnight at 4 °C. They were
then blocked for 1 h with 10% adult bovine serum albu-
min (BSA) in PBS (BSA/PBS). Next, test and control sera
diluted 1:50 in BSA/PBS were added to duplicate wells
(50 mL/well), and the plates were incubated overnight at
4 °C. After three washes in PBS, alkaline phosphatase-
labeled anti-human IgG or IgM (Calbiochem, La Jolla,
CA, USA) diluted 1:4000 and 1:5000, respectively, was
added (50 mL/well). After incubation for 90 min at room
temperature, the plates were washed, p-nitrophenyl
phosphate (PNPP) was added (50 μL/well) and the plates
were then kept at room temperature in the dark for 30
min. Absorbances were read at 450 nm using a plate
reader/spectrophotometer (Labsystems Multiskan MS).
A standard curve was constructed using international
standards (LAPL-GM100 IgG/IgM Calibrators, Louisville
APL Diagnostics Inc., Doraville, GA, USA) and the cor-
responding equation determined. The mean absorbances
of the samples were inserted in this equation to get the
results in IgG antiphospholipid (GPL) and IgM antiphos-
polipid (MPL) units. Values above 20 GPL and 10 MPL,
respectively, were considered to indicate positivity for
IgG and IgM anti-aCL antibodies. These reference values
were obtained by calculating the 95th percentile of 200
blood donor samples analyzed at the UNIFESP rheuma-
tology laboratory.

Anti-β2-glycoprotein antibodies (anti-β2-GPI)
IgG and IgM anti-β2-glycoprotein I (anti-β2GPI) anti-
bodies were detected by ELISA using commercial kits
(BINDAZYME Human Anti-β2GPI IgG and Anti-β2GPI
IgM, The Binding Site, Birmingham, UK) in accordance
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with the manufacturer’s instructions. The reaction was
quenched by adding 100 mL of stop solution to each
well, and absorbances were then read at 450 nm using a
plate reader (Labsystems Multiskan MS).
A standard curve was plotted using the standards sup-

plied with the kit, and the corresponding equation was
then used to convert the absorbances of the samples to
U/mL. Values above 20 U/mL and 10 U/mL, respectively,
were considered to indicate positivity for IgG and IgM
anti-β2GPI antibodies.

Statistical analysis
The statistical analysis was performed with R version
2.14.0 (New Zealand). For the descriptive analysis the
mean, median, standard deviation (SD) and minimum
and maximum values were used for continuous variables
and the proportions for categorical variables. The bino-
mial test was used to assess differences in the distribu-
tion of the data.
To assess the possible factors that caused sera to test

negative for aPL antibodies during the observation
period, Pearson’s chi-squared test was used for categor-
ical variables and the Mann-Whitney test for continuous
variables. Multivariate binary logistic regression was
used in the first model, in which the dependent variable
was the categorical variable aPL (1 = negative for aPL;
0 = positive for aPL) and the independent variables were
gender (1 = male; 2 = female), age (continuous), leproma-
tous clinical presentation (1 = LL; 0 = other forms), pred-
nisone use (1 = used; 0 = not used) and thalidomide use
(1 = used, 0 = not used). In the second model, an adjust-
ment was made for the different thalidomide or prednis-
one doses as continuous variables to determine whether
they were associated with a change in reactivity from
positive to negative. To assess whether the initial bacter-
ial index affected positivity for the antibodies, binary lo-
gistic regression was used, with each antibody (aCL or
anti-β2GPI) included in the model as dependent vari-
ables and the initial bacterial index as the continuous in-
dependent variable. The Hosmer-Lemeshow test was
used to assess the goodness of fit of the models. Logistic
regression was performed with MiniTab® 16.
As the patients in this study were assessed at different

times since they had been diagnosed with the disease,
the hypothesis tested was that persistence of positivity
for aPL would depend on the clinical presetnation of the
disease (LL and the other forms, BT, BB and BV). The
graphs were generated with GraphPad Prisma 6.02.

Results
Patient clinical and demographic features
The study sample consisted of 38 patients with a diagno-
sis of leprosy and positive aPL. Mean age was 46.42 ±
16.62 years. Twenty-eight (73.6%) of the patients were

male, and ten (26.3%) female. A test of proportions indi-
cated that the difference in gender distribution was sig-
nificant (p = 0.005). There are two main types of
reactional episodes in Hansen patients. The Type 1 reac-
tional episodes includes new skin lesions or neuritis and
the Type 2 is mainly characterized by erythema nodo-
sum leprosum (ENL). During the last clinical evaluation,
no patients were observed with reactional episodes, how-
ever reactions were observed in four patients (10.5%)
during the study. Among them four presented with ery-
thema nodosum leprosum (ENL) and were taking thal-
idomide and prednisone, and one presented with
neuritis and was taking prednisone (20 mg). Eighteen
(47.37%) were using some medication, six were taking
prednisone, four were taking thalidomide and eight both
medications.
A significant difference was observed in the distribu-

tion of the clinical presentations in the 38 patients. The
LL form was the most common clinical presentation
(p = 0.026) and was found in 16 (50%) of the patients.
The BT and BV forms were found in eight patients
(25%) and seven patients (21.87%), respectively.
All 38 patients had completed MDT. Mean and me-

dian time between completion of MDT and blood col-
lection was 87.00 and 67.50 months, respectively, with a
maximum and minimum of 9 and 174 months. One pa-
tient had a relapse in 2009 but had already completed
the treatment 9 months previously when the serum was
collected. Mean and median time between the first and
second collections were 66.89 and 66.10 months, re-
spectively, with a minimum and maximum of 53.43 and
86.83 months.

Laboratory assessment of patients
The 38 sera positive for aPL antibodies in the first ana-
lysis (sera collected in 2004/2006) were retested at the
same time with the sera collected in 2010/2011. All sera
were tested for anti-β2GPI antibodies, and for aCL anti-
bodies (patients that were positive in 2004/2006). Of the
retested sera, 37 (97.4%) remained positive for one of
the aPLs and one (2.6%), who had previously been posi-
tive for anti-β2GPI, was negative. At the new samples
collected (2010/2011) 32 (84.2%) remained positive and
six (15.8%) became negative.
aCL antibody was only detected in patients with the

BV and LL clinical presentation. Of the nine patients
positive for aCL antibody at the retest serum from 2004/
2006, all of whom had the LL clinical presentation, two
patients became negative in 2010/2011 sera. The anti-
β2GPI antibody was quantified in patients with the BT,
BB, BV and LL clinical presentations both at the retest
(serum from 2004) and in serum from 2010/2011. Posi-
tivity for this antibody was lower in the serum collected
in 2010/2011 for all clinical presentations.
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IgM was found more frequently than IgG in the three
analyses of the sera. Of the nine patients retested for
aCL antibody, seven were positive for IgM, and two for
IgG and IgM. At the sera collected in 2010/2011, two
became negative and seven remained positive for IgM.
Of the 37 patients retested for the anti-β2GPI antibody,
35 were positive for IgM, one was positive for IgG and
IgM and one patient who had been positive for IgG be-
came negative. Of the three patients who were positive
for IgG and IgM, two became negative for IgG but
remained positive for IgM. Thirty-one of the sera col-
lected in 2010/2011 remained positive for anti-β2GPI
antibody, but only IgM was detected. Among patients
positive for aCL antibodies the mean concentration of
aCL antibodies was 74.3 U/mL in the retested serum in
2012 and 64.6 U/mL in the serum collected in 2010/
2011. The concentrations of anti-β2GPI antibodies were
67.7 and 62.5 U/mL, respectively.
Among nine patients positive for aCL antibodies at the

retest, seven (77.8%) had IgM antibody titers > 40 U/mL
(mean concentration = 88 MPL). Among seven, six
(85.7%) still had IgM titers > 40 U/mL in 2010/2011 sera,
with a mean aCL antibody concentration of 70.8 MPL.
Anti-β2GPI titers > 40 U/mL were found in 12/37 sera
(32.4%) that were positive at the retest. One was IgG
(159 U/mL), and 11 IgM. In the sera collected in 2010/
2011 six of the 12 still had high concentrations.
Among patients positive for aPL antibodies with titers

> 40 U/mL, the LL form was the predominant form
among patients positive for anti-β2GPI and aCL anti-
bodies at the retest and in sera collected in 2010/2011.
Among seven patients positive for aCL antibodies, six
(85.7%) were also positive for anti-β2GPI antibodies.
Considering the sera collected in 2010/2011, 32/38

(84.2%) were positive for aPL antibodies (aCL and anti-
β2GPI) and six (15.8%) were negative. Among 32, one
was positive for the aCL antibody, 25 (78.1%) for the
anti-β2GPI antibody and six (18.8%) for both antibodies.
We did not find difference on demographic and clinical
characteristics between positive and negative individuals
(Table 1). Similarly, no difference was observed regard-
ing other clinical variables for these 38 patients between
positive and negative individuals (Table 2). There was no
association between demographic and clinical character-
istics and titers for one of the aPL antibodies > 40 U/mL
(eight – 25.0%) or ≤ 40 U/mL (24–75.0%), in the 32 pa-
tients. There was no difference in the frequencies of the
clinical variables in patients with aPL antibody titers
above 40 U/mL and in those with titers below 40 U/mL.
Table 3 shows that for the first multivariate binary lo-

gistic regression model (model 1), the variables age (p =
0.045, OR = 0.91 and 95% CI 0.82–0.98) and LL clinical
presentation (p = 0.034; OR = 0.02 and 95% CI = 0.0–
0.76) reduced the likelihood of patients becoming

negative for aPL antibodies. The likelihood of older
patients becoming negative for aPL antibodies is lower.
Prednisone or thalidomide use and dose did not influ-
ence the change from positive to negative reactivity for
aPL antibodies even when the model was adjusted for
the doses of these two drugs (model 2) (p = 0.504; p =
0.670, respectively).
Table 4 shows that the initial bacterial index influ-

enced positivity for aCL antibodies (p = 0.043; OR = 2.75)
and anti-β2GPI antibodies (p = 0.044; OR = 2.46). The
initial (diagnostic) and current bacterial indices were
grouped according to whether the patient was positive
or negative for aPL antibodies using the Kruskal-Wallis
test (p < 0.0001) and Dunn’s test for multiple compari-
sons. Figure 1 shows that the diagnostic and initial bac-
terial index is greater in individuals positive for aPL
antibodies (p = 0.029 and 0.012, respectively).

Table 1 Demographic and clinical characteristics of the 38
leprosy patients according to aPL positivity or negativity on sera
collected in 2010/2011

Variables Serum aPL (2010/2011 collected sera) p

Negative Positive Total

n % n % N %

Gender 0.670*

Male 5 83.3% 23 71.9% 28 73.7%

Female 1 16.7% 9 28.1% 10 26.3%

Age 37.0 ± 18.2 48.1 ± 16.0 46.3 ± 16.6 0.075**

Length of treatment 81.2 ± 18.3 77.4 ± 36.5 80.0 ± 34.1 0.389**

Clinical presentations 0.081*

BT 1 16.7% 8 25.0% 9 23.7%

BB 2 33.3% 1 3.1% 3 7.9%

BV 2 33.3% 7 21.9% 9 23.7%

LL 1 16.7% 16 50.0% 17 44.7%

Reactional episodes 1*

Present 0 0.0% 1 3.1% 3 7.9%

Absent 6 100.0% 31 96.9% 35 92.1%

Current reactional episodes 1*

Present 1 16.7% 3 9.4% 4 10.5%

Absent 5 83.3% 29 90.6% 34 89.5%

Medication 0.188*

No 5 83.3% 15 46.9% 20 52.6%

Yes 1 16.7% 17 53.1% 18 47.4%

Prednisone 0.278*

No 0 0.0% 4 23.5% 4 22.2%

Yes 1 100.0% 13 76.5% 14 77.8%

Thalidomide 0.387*

No 0 0.0% 6 35.3% 6 33.3%

Yes 1 100.0% 11 64.7% 12 66.7%

* Chi-square test ** Mann-Whitney Test

Ribeiro et al. Advances in Rheumatology           (2019) 59:52 Page 4 of 7



Discussion
The sample in this study consisted of outpatients with
various forms of leprosy at a referral center for leprosy
in the state of Amazonas. Most of the subjects had lep-
romatous leprosy, did not present with reactions and
had completed specific MDT a long time previously
(mean 78.0 months). The interval between the first and
second blood collection was 66.9 months on average.

According to some authors, aPL antibodies in leprosy
are often transient and can disappear after treatment [1,
10]. However, in the previous study of our group, in
which 158 leprosy patients were followed up, positivity
for aPL antibodies was not affected by time since com-
pletion of MDT, and titers remained high for months
and years afterwards. No evidence was found to suggest
that the presence of aPL antibodies is a transient
phenomenon [5]. A longitudinal study with these pa-
tients was therefore undertaken to assess the persistence
of these autoantibodies, which was confirmed by the
findings of the study [7]. In the present study, several
factors that could contribute to this finding, such as the
epidemiological, clinical and immune characteristics of
the disease, were investigated comparing patients that
were positive or negative for aPL antibodies. The pre-
dominance of males among the patients in our study
agrees with the literature, according to which detection
rates in most countries apart from some countries in Af-
rica are twice as high in men as in women [21].
Because there was a trend toward a statistically signifi-

cant association between some variables, such as clinical
presentation (p = 0.081), age (p = 0.075) and treatment
(p = 0.188), when p < 0.2 was used to indicate a trend to-
ward statistical significance [22], we performed multiple
logistic regression adjusted for gender. This revealed that
persistence of positivity for aPL antibodies was influ-
enced independently by age, bacterial index and the LL
clinical presentation. The data show that more advanced
age tends to increase the likelihood of the patient being
positive for aPL antibodies, possibly because of cumula-
tive exposure to antigens of mycobacteria and other bac-
teria or because of immune system aging, which
prevents complete elimination of M. leprae. Persistence
was observed predominantly in leprosy patients with the
LL form, whose sera collected in 2010/2011 had titers
greater than 40 U/mL (77.8% for aCL and 32.4% for
anti-β2GPI).
The persistence of the IgM isotype suggests the T-cell

independent nature of the response to these non-peptide
antigens, which are recognized by B1 B and MZ B
(splenic marginal-zone B) cells. These antigens generally

Table 2 Clinical variables for the 38 leprosy patients broken
down according to aPL antibody positivity or negativity at the
sera collected in 2010/2011

Variables Serum aPL (2010/2011 collected sera) p-value

Negative Positive Total

N % n % N %

Vascular Thrombosis 1*

No 6 100.0% 31 96.9% 37 97.4%

Yes 0 0.0% 1 3.1% 1 2.6%

Pregnancy Morbidity 1*

No 6 100.0% 31 96.9% 37 97.4%

Yes 0 0.0% 1 3.1% 1 2.6%

Diabetes 1*

No 6 100.0% 30 93.8% 36 94.7%

Yes 0 0.0% 2 6.3% 2 5.3%

Smoking 0.670*

No 3 50.0% 20 62.5% 23 60.5%

Yes 3 50.0% 12 37.5% 15 29.5%

Alcoholism 0.315*

No 5 83.3% 31 96.9% 36 94.7%

Yes 1 16.7% 1 3.1% 2 5.3%

*Chi-square test

Table 3 Results of multivariate binary logistic regression to
assess probable factors causing leprosy patients to become
negative for aPL antibodies

Predictor 95% CI Odds ratio (OR) p-value

Model 1

Age 0.82–0.98 0.91 0.045

Gender 0.0–2.84 0.11 0.185

Lepromatous form 0.0–0.76 0.02 0.034

Prednisone use 0.0–4.88 0.09 0.237

Thalidomide use 0.01–14.7 0.44 0.647

Model 2

Age 0.84–0.97 0.92 0.044

Female 0.0–2.16 0.08 0.134

Lepromatous form 0.0–0.92 0.03 0.044

Prednisone dose 0.71–1.18 0.92 0.504

Thalidomide dose 0.95–1.03 0.99 0.670

Table 4 Results of binary logistic regression to assess the
influence of initial bacterial index on presence of aPL antibodies
in 38 leprosy patients

Model 95% CI Odds ratio (OR) p-value

aCL vs. Initial Bacterial
Index 1

1.03–7.33 2.75 0.043

Anti-β2GPΙ vs. Initial
Bacterial Index 2

1.02–5.58 2.46 0.044

aPL vs. Initial Bacterial
Index 3

1.03–7.33 2.74 0.044
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include sugars and glycolipids that induce production of
low-affinity IgM antibodies and rarely induce a class
switch to IgG. Cardiolipin is a membrane phospholipid
found in bacterial (including mycobacterial) membrane.
Thus, it is probable that in the LL clinical presentations,
which has a higher bacterial index, the M. leprae mem-
brane phospholipids are recognized by B1 or MZ B cells
as extracellular phase antigens at the bloodstream. Inter-
estingly, the complement system can be activated by the
presence of M. leprae in tissues, leading to the produc-
tion of C3d, which is required for B-cell activation. It is
also curious that bacteria in the intestine and urinary
tract such as Escherichia coli contain cardiolipin in their
membrane, suggesting that natural IgM aCL antibodies
can be found in healthy individuals [23, 24].
Our results strongly indicate that the initial bacterial

index influenced positivity for aPL antibodies. It is there-
fore reasonable to suppose that M. leprae persists in la-
tent, or inactive, form in the human body even after
treatment, particularly in individuals with the LL clinical
presentations, who supposedly have a Th2 response. La-
tency is an acknowledged phenomenon in infections by
mycobacteria, as suggested by the reactivation of tuber-
culosis when a “cured” infected person is severely im-
munosuppressed [25]. Spirochetes, bacteria of the genus
Borrelia and viruses, particularly those in the family Her-
pesviridae, can also exhibit latency [26, 27]. The pres-
ence of reactional episodes and prolonged use of
prednisone or thalidomide support persistence of the
pathogen, albeit in inactive form, and suggest discrete
interaction with the immune system. A noteworthy find-
ing of the present study is that the treatment did not in-
fluence positivity and that the most important factor
appears to be the bacterial load.
Some potential limitation of this study should be

noted. Since this was an observational study in design,

the inference and causality are limited. Moreover, some
marginal associations may not be significant due to the
relatively small number of patients retested. New infor-
mation was recorded for the patients that lost follow-up
and were not evaluated for a second time. This could
affect the sensitivity of the study to detect thrombosis
and APS. However, the incidence rate for APS is ex-
pected to low for adults over 18-years old as 2.1% [28],
and this probably did not affect the present results.

Conclusion
As in APS, IgM aPL antibodies are common in leprosy
patients and persist for long periods in these individuals
but without thromboembolic manifestations. Further
studies are needed to elucidate the reason for this per-
sistence, the role played by aPL antibodies in the disease
and the B-lymphocyte lineages responsible for produc-
tion of these antibodies. This knowledge would help to
improve our understanding of the immunological mech-
anisms involved in the interaction between M. leprae
and the human host.
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