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a b s t r a c t

This research investigated the profile of anti-Leishmania antibodies in different clinical forms of canine
visceral leishmaniasis (CVL). Naturally infected dogs were divided into two groups: subclinical dogs
(SD, n = 10) and clinical dogs (CD, n = 68). Non-infected dogs (ND, n = 7) comprised the negative control
group. The humoral response was evaluated by the profile of total IgG, IgG1, IgG2, IgM, IgA and IgE, deter-
mined by ELISA. Infected animals showed increased levels of total IgG, IgA and IgE in addition to IgG1
and IgG2 in groups SD and CD, when compared with group ND. Furthermore, it was observed that
IgG2 and IgM were correlated with symptomatology, while total IgG, IgG1 and IgA were negatively cor-
related and IgE showed no correlation. It follows that serum levels of IgG2 anti-Leishmania are correlated
with typical clinical signs of disease. Furthermore the determination of specific anti-Leishmania antibod-
ies could be an important tool in monitoring CVL clinical picture.

Crown Copyright � 2011 Published by Elsevier Ltd. All rights reserved.
1. Introduction

The leishmaniasis are a complex of infectious diseases caused
by different species of protozoa of the genus Leishmania. The infec-
tion is transmitted by the bite of infected insects of the genus Phle-
botomus and Lutzomyia in the New and Old World, respectively
(Peters and Sacks, 2006). In Brazil, the Programme for the Control
of Visceral Leishmaniasis recommends early diagnosis and treat-
ment of human cases, vector control and the detection and eutha-
nasia of seropositive dogs (Brasil, 2006).

Although humans can also act as reservoir of the agent and
plays a role in the transmission cycle, the dog is considered one
of the most important links in the epidemiological chain of leish-
maniasis (Ribeiro, 2007). Studies conducted in São Paulo showed
a prevalence of visceral leishmaniasis up to 40% in the canine pop-
ulation (Ikeda et al., 2003). However, the prevalence in endemic
areas may reach higher levels, as demonstrated by Freitas et al.
(2010), through an epidemiological survey in Fortaleza, whose
highest and lowest prevalence was 80.2% and 64% respectively.

Dogs with clinical leishmaniasis (CD) are characterized by clin-
ical signs and/or clinical pathological abnormalities, with infection
011 Published by Elsevier Ltd. All r
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confirmed by specific tests, while dogs with subclinical leishman-
iasis (SD) are characterized by no clinical signs or clinicopatholog-
ical abnormalities, but with confirmed infection (Solano-Gallego
et al., 2009).

The onset of clinical signs in canine visceral leishmaniasis (CVL)
involves a number of factors, and these are associated with the ani-
mal’s immune response (Ciaramella and Corona, 2003). In (CVL),
the immune response mediated by Th1 lymphocytes, that secrete
stimulatory cytokines (IFN-c), activates macrophages infected,
effectively controlling the infection (Miranda et al., 2007). On the
other hand, when the immune response is mediated by Th2 lym-
phocytes, IL-4 secretors, there is a high production of antibodies
that are associated with severe clinical manifestations (Miranda
et al., 2007). It is noteworthy that when the immune response is
mediated by regulatory T lymphocytes, producing IL-10, Th1 is
inhibited and the infection is worsen (Miyara and Sakaguchi,
2007; Belkaid and Tarbell, 2009).

Studies report the role of antibodies in the CVL, relating the clin-
ical picture with the presence of different classes and subclasses of
immunoglobulins involved in the inflammatory response (Trotz-
Williams and Gradoni, 2003; Almeida et al., 2005). The soluble im-
mune complexes are deposited in various organs and tissues such
as kidneys, blood vessels, joints, among others, favoring the
appearance of various symptoms such as epistaxis, polyuria and
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Table 1
Clinical signs observed in dogs, in group CD, naturally infected by Leishmania chagasi.

Clinical sign n %

Onychogryphosis 23 33.82
Hepatosplenomegaly 31 45.59
Cachexia 53 77.94
Lymphadenopathy 38 55.88
Keratoconjunctivitis 42 61.76
Skin ulcers 24 35.29
Apathy 19 27.94
Alopecia 21 30.88
More than one clinical sign 59 86.76
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polydipsia, uveitis, conjunctivitis and episcleritis immune-medi-
ated, skin ulcers and tips of ears, hyperkeratosis and limping by
poliartritre (Ciaramella and Corona, 2003).

Given the great importance of the disease, this study aims to
evaluate the profile of anti-Leishmania antibodies in different clin-
ical pictures of CVL with emphasis on correlation with the clinical
symptoms.

2. Material and methods

2.1. Animals

Adult dogs (n = 85) were used, varying in age, weight and
breeds (including cross-breed). The seropositive dogs were cap-
tured by the Zoonosis Control Center of Fortaleza (CCZ), as a CVL
control measure. This study was approved by the Ethics Committee
for Animal Use of the State University of Ceará (CEUA/UECE), pro-
tocol number 08622833-1.

2.2. Immunofluorescence assay (IFA)

In all animals the immunofluorescence assay (IFA) was per-
formed for canine visceral leishmaniasis, being considered sero-
positive dogs the ones with titers above of 1:40, according to
recommendations of the Ministry of Health of Brazil. Serologic
testing was performed at CCZ using Bio-Manguinhos (FIOCRUZ-
RJ) kits, following the manufacturer’s recommendations.

2.3. Parasitological diagnosis

After anesthetizing the dog with Xylazine (2 mg/kg) and Keta-
mine (10 mg/kg) bone marrow aspiration for making imprints on
microscope slides was performed. This material was fixed with
methanol and stained with Panótipo fast dye. The stained imprints
were observed under an optical microscope, and samples where
the presence of amastigotes of Leishmania chagasi as revealed were
considered positive

2.4. Clinical classification

All dogs were examined by observing the typical clinical signs
of canine visceral leishmaniasis as onychogryphosis, hepatosplen-
omegaly, cachexia, lymphadenopathy, keratoconjunctivitis, skin
ulcers, apathy, alopecia.

The dogs were divided into three groups, according to Solano-
Gallego et al. (2009). Negative dogs (ND = 7), which do not show
clinical and laboratory alterations (hematology and biochemistry)
and negative for visceral leishmaniasis, by serology and parasitol-
ogy; subclinical dogs (SD = 10) which do not show clinical and lab-
oratory alterations and positive for Leishmania chagasi infection or
as clinical dogs (CD = 68) which show clinical and laboratory alter-
ations for routine testing and have infection confirmed by serolog-
ical and parasitological diagnosis.

2.5. Collection of blood samples

Blood samples were collected by jugular venipuncture with a
sterile syringe on dogs of different groups which were placed into
a tube containing gel separation, without anticoagulant to obtain
serum. Sera samples were stored at �20 �C for further test.

2.6. Immunoenzymatic reaction – ELISA

To determine the profile of anti-Leishmania antibodies, ELISA as-
say was performed, using soluble antigen (MHOM/BR/1972/BH46)
from promastigotes of L. chagasi (SLA) from the axenic culture in
LIT medium (Reis et al., 2006).

96-well microplates (Maxisorp™ Nunc International Nalgas,
USA) were coated with SLA at a concentration of 2 mg/well, over-
night at 4 �C. After incubation, the plates were washed four times
with phosphate buffer solution (PBS) containing 0.05% Tween 20
and blocked for 45 min at 37 �C with 100 mL of fetal bovine serum
(5%) in PBS per cell. Then, serum samples were added at a dilution
of 1:80 for IgG, IgG1, IgG2, IgM and IgE and 1:40 for IgA. After this
procedure, they were washed and added peroxidase conjugate
(Bethyl Laboratories Inc., Montgomery, TX, USA) previously diluted
as follows: anti-dog IgG1 (anti-heavy chain specific), 1:8000; IgM
(anti-m chain specific), 1:1000; IgA (anti-a chain specific), 1:500;
IgE (anti-e chain specific), 1:500, or anti-dog IgG and IgG2 (both
anti-heavy chain specific), 1:16.000. After four washings (as de-
scribed above), the reaction was started by adding 100 mL of
0.1 M citrate solution (pH 5.0) containing 0.03% a-phenylenedi-
amine and 0.012% H2O2, followed by incubation at 37 �C for
10 min. The reaction was stopped by adding 32 lL of H2SO4

2.5 M and the absorbance (492 nm) was measured with a plate
reader-ELISA ELX800 (Biotek Instruments� VT, USA).
2.7. Statistical analysis

Statistical analysis was performed using the software GraphPad
Prism 5.0. To compare the absorbance values of anti-Leishmania
antibodies among groups in different clinical forms, analysis of var-
iance (ANOVA) one-way was used, followed by Tukey test. To iden-
tify the association between the profile of anti-Leishmania
antibodies and the clinical symptoms, we used the Spearman cor-
relation test (r). In all cases the differences were considered signif-
icant at P 6 0.05.
3. Results

The results of the evaluation of typical clinical signs of CVL were
expressed in percentage (%) and are shown in Table 1. The more
frequent clinical signs were cachexia (77.94%), keratoconjunctivitis
(61.76%) and lymphadenopathy (55.88%), and 86.76% of the ani-
mals showed more than one typical clinical sign of CVL.

The profile of anti-Leishmania serum antibodies (total IgG, IgG1,
IgG2, IgM, IgA and IgE) from naturally infected dogs in relation to
different clinical pictures are shown in Fig. 1. The correlation coef-
ficient values (r) between the two factors are presented in Table 2.

Increase in levels of IgG, IgG1, IgG2, IgA and IgE anti-Leishmania
in SD and CD groups was observed compared to control group
(ND). As for IgM, there was no change in the response profile
among the evaluated groups. When evaluating the association be-
tween the profile of anti-Leishmania antibodies and the different
clinical pictures, it was observed that serum levels of IgG2
(r = 0.12) and IgM (r = 0.38) showed positive correlation with the
clinical signs (Table 2). It was also observed negative correlation
between serum levels of total IgG (r = �0.28), IgG1 (r = �0.13)
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Fig. 1. Anti-Leishmania antibodies profiles in dogs naturally infected by Leishmania chagasi and showing different clinical forms. SD (subclinical dogs), CD (clinical dogs) and
ND (negative dogs). ⁄ Represents difference with a significance level of 5% and ⁄⁄ represents difference with a significance level of 1%.
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and IgA (r = �0.62) and the clinical signs. Moreover, IgE levels
showed no correlation between SD and CD (r = 0.0), i.e., in these
animals the increases of serum IgE are not correlated with the clin-
ical changes evident in infected animals.
4. Discussion

It has been reported that the appearance of clinical signs char-
acteristic of visceral leishmaniasis is mainly as consequences of the
host immune response associated with deposition of immune com-
plexes soluble in different tissues (Quinnell et al., 2003). In this
direction, it could be interesting to assess the serum levels of
anti-Leishmania antibodies verifying the classes and subclasses of
immunoglobulins involved, and their association with clinical
signs shown by infected animal.

In our study, we found that dogs naturally infected by Leish-
mania chagasi (CD and SD) showed results of total IgG, IgG1,
IgG2, IgA and IgE anti-Leishmania significantly increased when
compared to ND (Fig. 1). Furthermore, we observed a negative



Table 2
P and r values of anti-Leishmania antibodies profiles. Where P compares differences in
absorbance of immunoglobulins in different clinical forms (SD and CD) with the
negative control group (ND) of naturally infected dogs by Leishmania chagasi. r value
determines the correlation coefficient between immunoglobulins profiles and the
clinical signs (CD) of naturally infected dogs by Leishmania chagasi.

Immunoglobulin P value r value

ND � SD ND � CD SD � CD

Total IgG 0.009 0.007 0.12 �0.28
IgG1 0.02 0.04 0.08 �0.13
IgG2 0.009 0.008 0.11 0.12
IgM 0.08 0.11 0.09 0.38
IgA 0.009 0.008 0.09 �0.62
IgE 0.04 0.03 0.07 0.00
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correlation between total IgG, IgG1 and IgA and symptomatology
(r = �0.28, r = �0.13 and r = �0.62, respectively), demonstrating
that, the increase in these immunoglobulins is not associated with
clinical signs of visceral leishmaniasis (Table 2).

Almeida et al. (2005) found that the titers of IgG anti-Leishmania
in symptomatic dogs increased significantly when compared to
asymptomatic and the control group. This fact was also found by
Vercammen et al. (2002) that linked the increased levels of total
IgG with progression from onset of symptoms.

In our study, the values of IgG1 anti-Leishmania showed a negative
correlation coefficient with the clinical condition of the animals
(r = �0.13), and also their average serum levels decreased in animals
showing clinical signs. These data corroborate the findings of Vercam-
men et al. (2002) and Cordeiro da Silva et al. (2003). With respect to
IgG2 subclass, it happened differently, because the average serum
absorbance values are almost the same as in all infected animals,
not differing between CD and SD. However, these values are corre-
lated with typical clinical signs of visceral leishmaniasis (r = 0.12), a
fact which is mainly due to the findings of the CD group.

It has been reported that the clinical signs are directly related to
IgG1/IgG2 relationship, where the titers of the subclass IgG2 are
strongly correlated with the symptoms of the animals. In this case,
the titers of the subclass IgG1 also show increased, however with
lower values than those found in IgG2 (Solano-Gallego et al.,
2001; Leandro et al., 2001; Almeida et al., 2005).

Reis et al. (2006) found that IgG1 anti-Leishmania has a negative
correlation with the clinical status of animals with visceral leish-
maniasis, with their values diminished with clinical outcome, dem-
onstrating association with the maintenance of the chronic and
asymptomatic disease. With respect to IgG2, the same authors
found that the values did not differ significantly between the in-
fected animals, and only differed from the uninfected control group
(Reis et al., 2006). These findings are in agreement with those ob-
tained by other authors previously (Vercammen et al., 2002;
Cordeiro da Silva et al., 2003).

In the present study, serum levels of IgM, anti-Leishmania from
naturally infected dogs (SD and CD), remained with no significant
differences compared to the control group (ND). However, with re-
spect to the association with the symptomatology, there was a po-
sitive correlation coefficient between the groups and the clinical
picture (r = 0.38). Yet, according to the one proposed by Reis
et al. (2006), serum levels of IgM, in the L. chagasi infection, remain
high until the chronic phase of disease. It is noteworthy, that this
immunoglobulin is strongly associated with acute forms of para-
sitic diseases and that it does not present significant correlation
with the clinical picture of CVL. Despite the above, little is known
about the profile of IgM in CVL, because it is easily inactivated by
reagents used in the main techniques of serology (Schallig et al.,
2002), making it difficult to detect more accurate findings.

In relation to IgA anti-Leishmania, in our study, infected dogs
showed negative correlation with the onset of the clinical picture
of CVL (r = �0.62), despite serum IgA levels were significantly in-
creased (P = 0.0025) when compared to ND. Few studies emphasize
the importance of IgA in the CVL. However, Reis et al. (2006) dem-
onstrated a positive correlation of patterns of immunoglobulin-A
with the clinical status of naturally infected animals. However,
these data differ from our results. Whilst there are few data in lit-
erature, Day (2007) in his review reported that the levels of IgA
anti-Leishmania were increased in the mucosa of infected dogs
showing symptomatology, suggesting a source of aggravation of
the infectious process.

It is noteworthy that dogs infected by Leishmania chagasi develop
immune response mediated by Th1 lymphocytes, they may be capa-
ble of preventing the spread of the parasite to the mucosal surface
and, consequently, produce lower levels of specific IgA, with no dif-
ferentiation with the clinical progression of CVL (Rodriguez-Cortes
et al., 2007). Glomerulonephritis is a main clinical finding in the
CVL, and the main triggering event of this abnormality has been
attributed to the accumulation and deposition of immune com-
plexes mediated by IgA in renal glomeruli (Nieto et al., 1992). More-
over, in post-mortem analysis, it was found that this clinical disorder
is the leading cause of death of infected animals (Feitosa et al., 2000).

Regarding the levels of IgE anti-Leishmania, the results differed
significantly between the infected animals (CD and SD) compared
to non-infected (P = 0.0103). Still, when we evaluated the profile
of IgE in the ND group, it was observed high absorbance values
in some animals, which may represent false-negative results, by
the diagnostic technique used, with possible evolution to a subclin-
ical canine disease in these animals. These observations were also
suggested by Almeida et al. (2005), who associated the IgE levels
with the development of symptomatic cases of CVL. In this case,
the predominant immune response is mediated by Th2 lympho-
cytes, which induce a decrease in the synthesis of IFN-c, with in-
creased expression of IL-4 and IL-10, with data obtained by
measuring the levels of mRNA (Quinnell et al., 2001).

In our study there was no correlation between the titers of IgE
anti-Leishmania with symptomatology (r = 0.00), similar titers
were detected in groups SD and CD. From these data we can con-
sider that the appearance of symptoms is due to action of other
immunoglobulins, and other elements of the immune response
that were not objects of study. However works carried out by Ini-
esta et al. (2005) and Reis et al. (2006) observed a strong correla-
tion between the titers of IgE and the clinical status of animals.

5. Conclusion

Our data demonstrate that dogs naturally infected with Leish-
mania chagasi present high titers of IgE, IgA and IgG2 anti-Leishmania
and indicate that serum levels of IgG2 anti-Leishmania are correlated
with typical clinical signs of disease, but serum levels of IgE anti-
Leishmania do not correlate with the disease progression. Further
studies are needed to finally demonstrate that the determination
of specific anti-Leishmania antibodies are an important tool to pre-
dict the clinical course of the disease as suggested by this study.
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