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IgG avidity tests are used to discriminate acute from chronic infections. There are few reports on the IgG avidity profile of pa-
tients with visceral leishmaniasis (VL). This study investigated the anti-Leishmania IgG avidity in patients with classic VL (n �
10), patients showing clinical cure after treatment (n � 18), and asymptomatic subjects with at least one positive Leishmania test
(n � 20). All subjects were from areas in Brazil where VL is endemic. Serum samples were collected from each subject on two
different occasions. IgG avidity was evaluated by Western blotting. The proportion of high-avidity antibodies was higher in all
samples from patients with classic VL. In contrast, low-avidity antibodies predominated in subjects with a history of VL, includ-
ing 13 cases (72.2%) in the first assessment and 14 (77.8%) in the second. Fifteen (75%) of the asymptomatic subjects presented a
predominance of low-avidity antibodies in the first assessment, and the frequency of high-avidity antibodies increased over time
in seven subjects (35%) of this group. Antibodies against the 14- and/or 16-kDa antigen fraction were detected in the first assess-
ment in all patients with classic VL, in 10 (55.5%) treated patients, and in 10 (50%) asymptomatic subjects. These were high-
avidity antibodies in most cases. In the asymptomatic group, an increase in IgG avidity against the 14- and/or 16-kDa antigen
fraction was observed in three cases (15%). The results indicate distinct responses in infected and asymptomatic subjects, proba-
bly associated with the length of time after infection. In this respect, IgG avidity tests represent a new approach to better charac-
terize asymptomatic VL.

The incidence of visceral leishmaniasis (VL) has increased each
year in Brazil, despite the application of control measures ad-

vocated by the Ministry of Health. An annual average of 3,379
cases was registered between 1999 and 2008, and the mean annual
incidence was 1.9 cases per 100,000 inhabitants (1). Visceral leish-
maniasis exhibits a variety of clinical presentations, ranging from
asymptomatic forms to classic disease characterized by fever, pale-
ness, and splenomegaly. Asymptomatic and oligosymptomatic in-
fections are more frequent. According to the World Health Orga-
nization, only 10 to 20% of infected subjects develop severe forms
of the disease (2).

The diagnosis of asymptomatic infection with Leishmania
(Leishmania) infantum has grown in importance over recent
years. The true epidemiological role of asymptomatic carriers in
the transmission chain of the disease is not well established, and
expansion of VL might be associated with routes of infection other
than vector transmission, such as transfusion-associated and con-
genital transmission. Furthermore, the identification of asymp-
tomatic infection is useful for the management of patients with
immunosuppressive conditions, such as patients with HIV/AIDS
and patients undergoing immunomodulatory therapy, and for
evaluation of the effectiveness of disease control measures.

Although different methods with good sensitivity and specific-
ity are available for the detection of an anti-Leishmania response,
the precise diagnosis of asymptomatic infection continues to be a
challenge. In the first studies, the prevalence of inapparent infec-
tions was estimated based on the results of the Montenegro skin
test (MST) and serological methods such as the direct agglutina-
tion test, indirect immunofluorescence test (IIFT), and enzyme-
linked immunosorbent assay (ELISA) using promastigote-de-
rived antigens (3–8). Over the last few decades, several studies
have evaluated the use of recombinant antigens for the diagnosis

of subclinical cases, but the results are controversial. Some inves-
tigators suggested a good sensitivity of ELISA using the recombi-
nant K39 antigen (ELISA-rK39) in the diagnosis of cases of active
VL but not cases of inapparent infection (9, 10). Other studies
found asymptomatic subjects with positive ELISA-rK39 results,
but follow-up did not reveal progression of these cases to classic
VL (11–13).

PCR has shown higher efficacy than that of serological tests in
the identification of asymptomatic cases of VL (12). However, this
technique also detected positive results for subjects living in areas
of endemicity but who did not progress to classic disease. In ad-
dition, there was frequent disagreement between the results of
serological tests and PCR (12–16).

Studies in the literature published so far show a highly variable
prevalence (0.6 to 71.3%) of asymptomatic carriers, depending on
the population studied and the technique used (17). Furthermore,
studies simultaneously using different techniques in the same
population have reported low levels of agreement between results
(12–14).

In an attempt to develop an alternative method that better
characterizes asymptomatic infection, this study investigated the
performance of anti-Leishmania IgG antibody avidity tests in sub-
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jects with different presentations of VL. IgG antibody avidity tests
have been used to distinguish recent primary from chronic infec-
tions for diseases such as toxoplasmosis and cytomegalovirus in-
fection (18, 19). However, there are few studies investigating IgG
avidity in leishmaniasis. Unlike the reasoning we use for acute and
subacute diseases, the period of incubation in leishmaniasis is usu-
ally long, leading to an increase in IgG antibody avidity during the
course of the disease (20). The performance of IgG antibody avid-
ity testing in Leishmania infection, particularly for asymptomatic
cases, is not well established.

MATERIALS AND METHODS
Subjects. For this study, serum samples collected from subjects living in
the towns of Porteirinha and Janaúba, Minas Gerais, Brazil, were used.
These towns are located in the northern mesoregion of Minas Gerais and
are considered areas of endemicity for VL. Ninety-six serum samples (two
samples per subject) were collected. The subjects were selected by conve-
nience sampling and were divided into groups as follows.

(i) Group 1 (n � 10). Group 1 included patients with clinical symp-
toms of VL whose diagnosis was confirmed by parasitological examina-
tion or serological testing combined with a specific therapeutic response
(to N-methylglucamine antimoniate). These patients were evaluated in a
study conducted in the town of Janaúba, and serum samples were col-
lected before and after 6 months of specific treatment.

(ii) Group 2 (n � 18). Group 2 included subjects with a history of VL
(confirmed using the same criteria as those described above) who pre-
sented with clinical cure after specific treatment for more than 6 months.
These subjects were from the town of Porteirinha. The interval between
treatment and collection of the first serum sample ranged from 7 months
to 12 years. Two samples were collected from each subject, and the mean
interval between the first and second collections was 3 years.

(iii) Group 3 (n � 20). Group 3 included asymptomatic subjects with
at least one Leishmania-positive immunological test (MST, immunochro-
matographic test using the rK39 antigen, IIFT, ELISA using promastigote
antigen, ELISA-rK39, or ELISA-rK26). These subjects were also from the
area of Porteirinha, where VL is endemic. Two samples were also collected
from each subject, and the mean interval between the first and second
collections was 3 years.

Serum samples collected from subjects living in an area where VL is
not endemic were tested as negative controls in all reactions. For this
purpose, 10 samples were collected from blood donors seen at the
Uberaba Regional Blood Center.

The biological samples were obtained according to the guidelines of
Resolution 196/96 of the National Health Council, which regulates re-
search involving humans. The serum samples tested in this study were
stored at �20°C in the Laboratory of Immunology, Universidade Federal
do Triângulo Mineiro (UFTM). The project was approved by the Ethics
Committee of UFTM.

Anti-Leishmania IgG antibody avidity was evaluated by Western blot-
ting using crude L. (L.) infantum antigen.

Antigen preparation. For antigen preparation, L. (L.) infantum strain
MCER/BR/79/M6445 was cultured in Schneider’s medium (Sigma
Chemical Co., St. Louis, MO) supplemented with 20% fetal bovine serum
and 40 �g/ml gentamicin. Promastigotes grown for 2 or 3 days were
washed four times in phosphate-buffered saline (PBS) by successive cen-
trifugation at 3,200 � g for 10 min at 4°C. Parasites were then counted in
a Neubauer chamber, and the concentration was adjusted to 2 � 108

promastigotes/ml.
The antigen was prepared as described by Mary et al. (21), with some

modifications. The parasites were resuspended in 500 �l electrophoresis
sample buffer (625 mM Tris-HCl, pH 6.8, 25% glycerol, 2% SDS, 5%
2-mercaptoethanol) and boiled for 5 min at 100°C. Next, the mixture was
centrifuged at 15,000 � g for 10 min at 4°C. The supernatant was divided
into aliquots and stored at �20°C until the time of use. Protein concen-
tration was determined by the method of Bradford (22).

SDS-PAGE and Western blotting. The antigen extract was subjected
to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (23), using a 15% resolving gel and a 4% stacking gel, and 300 �g
of the antigen was applied to the gel. The resolving gels measured approx-
imately 8.5 by 6.0 cm. The gel was run at 60 V for 30 min. After the sample
had penetrated the resolving gel, the voltage was maintained at 120 V until
the indicator dye had reached the lower end of the gel. The Precision Plus
Protein Kaleidoscope standard (Bio-Rad Laboratories, Hercules, CA) was
used for comparison of molecular weights.

The proteins separated by electrophoresis were transferred to
0.45-�m nitrocellulose membranes (Bio-Rad Laboratories) in a semidry
system (Trans-Blot; Bio-Rad) at 10 V for 30 min, using Towbin transfer
buffer (24). After transfer, the membranes were blocked for 15 min in a
solution of 5% skim milk in PBS-0.05% Tween 20 (PBS-T20) and
washed three times in PBS-T20 for 5 min. Next, 4-mm strips were cut
and incubated in duplicate with sera diluted 1:100 in PBS-T20 plus
0.5% skim milk for 2 h. After incubation, the strips were rapidly
washed in PBS-T20, and one strip was incubated with PBS-T20 and the
other with 8 M urea for 15 min. The two strips were then washed three
times in PBS-T20 for 5 min and incubated for 1 h with anti-human
IgG–peroxidase (DakoCytomation, Glostrup, Denmark) diluted
1:2,000 in PBS-T20 plus 0.5% skim milk. A new wash cycle was per-
formed, and the reaction was developed with a solution of hydrogen
peroxide and 3,3=-diaminobenzidine for 30 s (Sigma Chemical Co., St.
Louis, MO).

The reactivity profiles of IgG antibodies to the different antigen frac-
tions on strips treated (U�) or not treated (U�) with urea were analyzed
using Image J v1.45s software (National Institutes of Health, Bethesda,
MD). Each pair of strips was marked on digitized gray-scale images, and a
graph with the intensity peaks corresponding to each band was con-
structed. IgG antibody avidity was estimated by comparing the peaks re-
corded for U� and U� strips. Bands corresponding to antibodies that
were no longer visible on U� strips were classified as low-avidity bands,
and those that were still present, even at a lower intensity, were classified as
high-avidity bands (Fig. 1).

General analysis considering any degree of reactivity on the strips was
performed to compare the total IgG antibody avidity profiles between the
different groups. The numbers of high- and low-avidity bands were di-
vided by the total number of bands per sample, and the results are ex-
pressed as percentages.

Statistical analysis. The results were analyzed with GraphPad Prism
v5.0 software (GraphPad Software, Inc., San Diego, CA). The percentage
of bands for each avidity level was compared within each group by the
Mann-Whitney test and between groups by the Kruskal-Wallis test fol-
lowed by Dunn’s posttest. P values of �0.05 were considered to indicate
statistical significance.

RESULTS

The serum samples from patients with classic VL exhibited IgG
antibody reactivity against a large number of antigen fractions
with molecular masses ranging from 10 to 112 kDa. This band
pattern was similar for all samples studied in this group. However,
the presence of bands very close to each other impaired the deter-
mination of the molecular sizes of high-molecular-weight antigen
fractions. It was possible to identify reactivity against the antigen
fractions of approximately 14 and 16 kDa in serum samples from
all patients with classic VL. These fractions were similar to the
bands described by Mary et al. (in 1992), which showed 100%
sensitivity and 98% specificity in the diagnosis of VL in that study
(21). We therefore performed two analyses. In the first analysis,
any degree of reactivity on the strips was considered, and IgG
antibody avidity was evaluated by comparing the relative numbers
of low- and high-avidity bands for each serum sample tested. In
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the second analysis, IgG antibody avidity against the 14- and 16-
kDa antigen fractions was evaluated separately.

In group 1, the frequency of high-avidity antibodies was signif-
icantly higher than that of low-avidity antibodies in all cases, in-
cluding serum samples collected before and after 6 months of
specific treatment (P � 0.001) (Fig. 2A). Reactivity against the 14-
and 16-kDa antigen fractions was observed in all samples from
patients with classic VL in the two assessments. As observed in the
analysis of total IgG avidity, there was a predominance of high-
avidity antibodies against the two antigen fractions. Only one sub-
ject (10%) had low-avidity antibodies against the 14-kDa fraction
in the two assessments and against the 16-kDa fraction in the
second assessment.

Analysis of serum samples from subjects with a history of VL
(group 2) showed a highly variable reactivity profile, with the ob-
servation of a smaller number of bands than that for group 1.
However, only two samples were classified as nonreactive, one of
which was in the first assessment and the other of which was in the
second assessment. Analysis of total IgG avidity showed a pre-
dominance of low-avidity antibodies in serum samples from 13
subjects (72.2%) in the first assessment and from 14 subjects
(77.8%) in the second assessment. In the two assessments, the
mean frequencies of low-avidity bands were significantly higher
than those of high-avidity bands (P � 0.001) (Fig. 2B).

Also in group 2, antibodies against the 14-kDa antigen fraction
were detected in samples from seven subjects (38.9%) in the first
assessment, all of them high-avidity antibodies. In the second as-
sessment, only one subject (5.5%) continued to present reactivity

against this antigen fraction (low-avidity antibodies). Reactivity
against the 16-kDa fraction was observed in nine subjects (50%) in
the first assessment. In eight of these cases, the antibodies had high
avidity. In the second assessment, reactivity against this antigen
fraction was observed in samples from six subjects (33.3%), in-
cluding three with low-avidity antibodies and three with high-
avidity antibodies.

In the group of asymptomatic subjects (group 3), larger pro-
portions of low-avidity IgG antibodies were observed in serum
samples from 15 subjects (75%) in the first assessment, with a
significant difference in the relative numbers of low- and high-
avidity bands (P � 0.003) (Fig. 2C). In the second assessment,
low-avidity IgG antibodies continued to predominate in samples
from 11 subjects (55%). However, an increase in the proportion of
high-avidity bands compared to the first assessment was observed
in seven subjects (35%). In these cases, the band pattern was sim-
ilar to that seen for patients with classic VL, whereas for subjects
presenting a predominance of low-avidity antibodies, the pattern
was similar to that observed for subjects with a history of the
disease.

Antibodies against the 14-kDa antigen fraction were detected
in samples from eight subjects (40%) of group 3 in the first assess-
ment, with the presence of high-avidity antibodies in seven cases.
Ten samples (50%) were reactive against the 16-kDa fraction, with
the observation of high-avidity antibodies in five and low-avidity
antibodies in the other five. In the second assessment, serum sam-
ples from 10 subjects (50%) contained antibodies against the 14-
kDa antigen fraction; these were high-avidity antibodies in most
cases (n � 8). Reactivity against the 16-kDa fraction was observed
in 12 cases (60%), including 8 with high-avidity antibodies and 4
with low-avidity antibodies.

Comparison of the percentages of bands corresponding to low-
avidity antibodies between the three groups showed a significant dif-
ference between group 1 and the other groups in the two assessments,
with the frequency of low-avidity antibodies being significantly lower
in group 1 (classic VL) (P � 0.0001 and P � 0.0029) (Fig. 3).

DISCUSSION

Since the 1980s, Brazil has witnessed a significant increase in the
number of human and canine cases of VL. Control strategies ad-
vocated by the Ministry of Health have been shown to be poorly
effective because of the epidemiological characteristics of the dis-
ease and the still insufficient knowledge of the different elements
that comprise its transmission chain (25). One of the challenges
encountered is the identification of cases of asymptomatic VL.
Within this context, the objective of this study was to characterize
the performance of an anti-Leishmania IgG antibody avidity test
in seropositive subjects with different presentations of the disease.
We believe that the IgG avidity test would be useful for character-
izing the activity of Leishmania infection, thus extending the ap-
plication of this strategy, which is generally used to estimate the
time of infection.

IgG avidity was evaluated by Western blotting. This technique
was chosen because it permits the investigation of IgG antibody
avidity against different antigen fractions. However, we found a
large number of bands that were very close to each other, a fact
impairing the calculation of all molecular weights and the com-
parison of the most frequent antigen fractions between groups.
We therefore analyzed the total avidity of each sample by consid-
ering the levels of avidity of most bands. In addition, bands of 14

FIG 1 Analysis of IgG antibody avidity against crude Leishmania infantum
antigen by Western blotting. Intensity peaks corresponding to each band
were constructed using ImageJ software. IgG avidity was determined by
comparing the reactivities on strips treated (U�) or not treated (U�) with
urea. The symbols represent examples of bands with antibodies reacting
with low avidity (star) and high avidity (triangle). The peaks of the 14- and
16-kDa antigen fractions are indicated in the graph. Representative strips
for a seropositive asymptomatic subject (group 3) are shown. MW, molec-
ular size in kilodaltons.
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and 16 kDa were analyzed, as these were identified by Western
blotting in all subjects with classic VL. These fractions had shown
a specificity of 97.3% and a positive likelihood ratio of 20.0 in a
previous study from our group which included 57 samples from

patients with VL, negative controls, and patients with other dis-
eases (unpublished data). In addition, these fractions are compat-
ible with bands described by Mary et al. (21) and cited in several
studies on the diagnosis of VL (26–29).

FIG 2 Evaluation of IgG antibody avidity in patients with classic VL (A), subjects with a history of VL (B), and infected asymptomatic subjects (C) according to
the percentage of bands corresponding to low-avidity or high-avidity antibodies. Each symbol represents the value for one individual. The bars indicate the
median values for the groups (*, P � 0.05).

FIG 3 Comparison of low-avidity antibodies in patients with classic VL (G1), subjects with a history of VL (G2), and asymptomatic infected subjects (G3) in both
assessments. Each symbol represents the value for one individual. The bars indicate the median values for the groups (*, P � 0.05).
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High-avidity IgG antibodies predominated in patients with
classic VL both upon general analysis of the bands and when the
14- and 16-kDa fractions were analyzed separately. This finding is
consistent with the long incubation period generally observed in
the disease and agrees with the findings of Redhu et al., who de-
tected high-avidity IgG antibodies against the recombinant
r-KE-16 antigen by ELISA in an area where L. (L.) donovani is
endemic. In that study, conducted in India, the authors evaluated
the risk of developing post-kala-azar dermal leishmaniasis and
found that the increase in IgG antibody avidity was associated with
the duration of the disease (20). In contrast, in tegumentary leish-
maniasis, high-avidity antibodies were detected in patients with
recent lesions (duration of �3 months) (30).

Unexpectedly, a predominance of low-avidity antibodies was
observed in patients receiving specific treatment for VL for more
than 6 months, a finding that persisted over time and that was not
associated with clinical symptoms of VL. In an analogous manner,
for tegumentary leishmaniasis, de Souza et al. detected low-avidity
antibodies in patients with a history of lesions of up to 10 years
(30).

It is possible that the low-avidity antibodies observed in the
present study correspond to nonspecific reactivity, since IgG an-
tibodies against the 14- and 16-kDa antigen fractions exhibited
high avidity in most cases. A reduction in reactivity against these
antigen fractions was observed in the second assessment, suggest-
ing that the time after clinical cure may be associated with a loss of
reactivity to these bands. Low-avidity IgG antibodies against the
14- and/or 16-kDa fraction were detected in three treated patients
in the second assessment. In these cases, it is possible that the
reduction in the level of antibodies against these specific antigens
resulted in a weaker binding to the membrane and, consequently,
more susceptibility to disruption by urea, which would be inter-
preted as low avidity.

Analysis of serum samples from asymptomatic subjects re-
vealed two subgroups with different profiles of total IgG antibody
avidity. A predominance of low-avidity antibodies was observed
in the first subgroup, similar to the case for subjects receiving
treatment, whereas avidity increased over time in the second sub-
group. The fact that none of the subjects developed classic disease
during the period studied suggests the presence of an immune
response pattern that is able to maintain the parasite-host balance.
However, the increase in avidity over time may be indicative of the
occurrence of active infection. In addition to the increase in total
IgG avidity, an increase in avidity against the 14- and/or 16-kDa
fraction was observed in three cases. Thus, IgG avidity against
these antigens may be a potential marker to evaluate the activity of
infection. To confirm this hypothesis, it would be necessary to
evaluate a larger number of asymptomatic subjects over shorter
intervals, which was not done in the present study.

The limitations of this study are the relatively small number of
samples and the use of minigels, which can compromise the anal-
ysis of specific antigen fractions of high molecular weight.

Finally, the present results suggest that subjects with asymp-
tomatic infection in whom conversion from low- to high-avidity
IgG occurs are carriers of active infection. This group is therefore
at an increased risk of developing the disease under conditions of
immunosuppression. Moreover, this group is important from an
epidemiological point of view as a potential reservoir of Leishma-
nia for both the vector and other possible routes of transmission,
such as transfusion-associated transmission. We conclude that

IgG avidity tests are a promising approach to characterize asymp-
tomatic VL.
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