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Abstract
Leishmaniasis is a vector-borne zoonotic disease caused by protozoa in the genus Leishmania, typical of rural and
peri‑urban environments. The causative agent of American visceral leishmaniasis is Leishmania (Leishmania) infantum chagasi
and the main insect vector in Brazil is Lutzomyia longipalpis. Dogs (Canis familiaris) are important in the transmission
of the disease, as a reservoir closely related to humans and an infection source for phlebotomine vectors. Since 1990, an
increasing number of feline leishmaniasis cases have been reported, suggesting that domestic cats (Felis catus) might be
involved in the epidemiology of the disease. The present study analyzed the prevalence of anti-Leishmania spp. antibodies
in naturally infected domestic cats from various neighborhoods in the municipality of Belém, Pará, Brazil, using the
indirect immunofluorescence assay (IFA) and the direct agglutination test (DAT). Among the 443 samples tested,
18 (4.06%) presented positive reactions in the IFA. The observed titers were 40 IU in 4.97% of the samples and 80 IU
in 0.90%. In the DAT test, positive results were found in 25 (5.64%) of the samples. The observed titers were also 40 IU
(4.97%) and 80 IU (0.68%). The agreement rate between the two tests was considered low (Kappa coefficient = 0.10).
Keywords: Indirect immunofluorescence assay, direct agglutination test, leishmaniasis, cats.

Resumo
As leishmanioses são zoonoses vetoriais causadas por protozoários do gênero Leishmania, características de ambientes
rurais e periurbanos. A leishmaniose visceral americana (LVA) é causada pela Leishmania (Leishmania) infantum chagasi,
cujo principal vetor no Brasil é Lutzomyia longipalpis. O cão (Canis familiaris) possui papel ativo na transmissão da
doença, pois é um reservatório muito próximo do humano e uma fonte de infecção para o flebotomíneo. O aumento do
número de casos de leishmaniose felina, descritos na literatura a partir de 1990, sugere que gatos também podem atuar
na epidemiologia dessa enfermidade. O presente estudo avaliou a prevalência de anticorpos anti-Leishmania spp. em
gatos domésticos (Felis catus) de diferentes bairros do Município de Belém, Pará (PA), pela Reação de Imunofluorescência
Indireta (RIFI) e pelo Teste de Aglutinação Direta (TAD), utilizando-se como ponto de corte o título de 40 UI. Entre
os 443 gatos estudados, 18 (4,06%) apresentaram reação sorológica positiva na RIFI. Os títulos observados foram de
40 UI em 0,90%. No TAD, foi encontrada positividade em 25 (5,64%) animais. Os títulos observados foram de 40 UI,
em 4,97% dos gatos, e 80 UI, em 0,68%. A concordância entre os testes foi considerada baixa (coeficiente Kappa: 0,10).
Palavras-chave: Reação de imunofluorescência indireta, teste de aglutinação direta, leishmaniose, gatos.
Leishmaniasis is a vector-borne zoonotic disease caused by protozoa
of the genus Leishmania, Kinetoplastida order, Trypanosomatidae
family, and transmitted by phlebotomine species, causing tegumental
and visceral injuries (ROSA, 2009). In the parasitic life cycle,
promastigotes are found in the vector and amastigotes are found
in the infected host tissues (BANETH, 2006).
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Leishmaniasis is typical of rural and peri-urban environments.
Domestic and wild mammals can be infected; humans are considered
accidental hosts of the protozoa (CURI et al., 2006).
The dog (Canis familiaris) has an active role in the transmission
of the disease as an asymptomatic reservoir that is closely related
to humans and an infection source to phlebotomine vectors
(COURTENAY et al., 2002).
American visceral leishmaniasis is caused by Leishmania
(Leishmania) infantum chagasi, and is a serious public health
problem in Brazil owing to the wide geographical distribution
www.cbpv.org.br/rbpv
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of the disease, high incidence, and the ability to lead to a severe
clinical form that may cause death (SCHALLIG et al., 2002).
The predominant vector found in Brazil is Lutzomyia longipalpis
(DEANE & DEANE, 1962).
Initially, dogs were considered the only urban reservoirs of
Leishmania (Leishmania) infantum chagasi in Brazil. However,
the increasing number of cases in domestic cats suggests that
they also play an important role in the disease epidemiology
(MANCIANTI, 2004). A natural infection in a domestic feline
(Felis catus) by Leishmania spp. was first reported in 1912 in
Algeria in a four-month-old animal that lived with a dog and
a child, both also infected with the visceral form of the disease
(SERGENT et al., 1912). The diagnosis was based on the presence
of the amastigotes form of the parasite in the bone marrow, but
the species was not identified.
Serological techniques are now commonly used to diagnose
leishmaniasis, and are considered indispensable tools for epidemiological
studies (SILVEIRA, 2010). Indirect immunofluorescence assay (IFA),
direct agglutination test (DAT), and enzyme-linked immunosorbent
assay (ELISA) are the main serological diagnostic tests, and others
include immunohistochemistry techniques, isolation of the
parasite in culture, direct demonstration using smears, polymerase
chain reaction (PCR), and the rapid immunochromatographic
test (standardized for dogs). Each test has positive and negative
intrinsic technical characteristics.
The IFA is an antibody detection test that uses intact parasites
as antigens (ALVES & BEVILACQUA, 2004). Its main limitations
are the cost of using an immunofluorescence microscope and the
laborious serial dilutions necessary for titration. Furthermore,
serological cross-reactivity can occur with other antigens
(LUCIANO et al., 2009).
The DAT is simple and does not require specialized equipment.
Its limitations include the long incubation period, difficulties
in standardization, and the need for high-quality antigens
(MOHEBALI et al., 2011).
Deane & Deane (1937) have reported human cases of American
visceral leishmaniasis in Pará, Brazil. From 1995-2000, Feitosa et al.
(2012) identified phlebotomine species in rural and urban sites in
Santarém, Pará, and the vector Lutzomyia longipalpis was abundant.
The city of Belém is an area of sporadic transmission of visceral
leishmaniasis according to the Brazilian Ministry of Health
(BRASIL, 2007). An entomological study conducted between 2009
and 2011 identified six species of epidemiologically important
vectors for the transmission of cutaneous leishmaniasis in that
region (FERREIRA et al., 2014).
Garcez et al. (2010) carried out entomological captures in
tracking dogs during the summer and winter in the Amazonian
city of Juriti, located 848 km from the city of Belém. They found
synanthropic sandflies, mainly Lutzomyia longipalpis, in the
environment. In addition, serological surveys showed a high
frequency of seropositivity for LVC in the neighborhoods of Juriti,
Pará (SCHWANKE et al., 2014).
An investigation of leishmaniasis in the domestic feline in
Belém, based on reports of natural infections across Brazil and
worldwide, suggests a possible epidemiological role of the species
for leishmaniasis transmission. Furthermore, Belém is a surveillance
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region, and at one point, 34.9% of leishmaniasis cases in Brazil
occurred in the Northern Region (COSTA, 2005).
The focus of this study was to evaluate the presence of Leishmania
(L.) i. chagasi antibodies in domestic felines from the municipality
of Belém, Brazil using the IFA and DAT tests, and to estimate the
association between the serological results and epidemiological
variables such as gender, age, breed, and provenance of animals.

Materials and Methods
Geographic area of interest
Feline serum samples were collected from Belém, Pará, Brazil.
The municipality is 1,064.918 km² with 39 islands located in
the Atlantic Ocean. The municipality has a total of 75 official
neighborhoods, spread over eight administrative districts.
The weather is equatorial, permanently humid, influenced by
the presence of the Amazon forest, with abundant rain especially
between January and May. The annual average temperature varies
from 26 °C to 32 °C and the rainfall is around 3000 mm/year.

Animals
To estimate the number of animals, data from the most recent
anti-rabies vaccination campaign organized by the Center for
Zoonosis Control (CZC) of Belém were used; there is no feline
census data for the municipality. The animals represented eight
different neighborhoods in the city. Using this data, sampling was
performed assuming an expected prevalence of 50% and 95%
confidence levels. The simple random sample formula, proposed
by Thrusfield (2007), was used to estimate the total number of
animals, 443. During sampling, an epidemiological questionnaire
was used to obtain data regarding the gender, age, breed, and free
access to streets for the animals.

Sample collection
The blood samples were obtained by jugular or cephalic
venipuncture using disposable syringes and needles, and 3-5 mL
of blood was collected in glass tubes without EDTA. The samples
were centrifuged at 1600 × g for 10 minutes and the serum was
immediatly placed plastic microtubes, properly labeled, and stored
at −20 °C until the execution of serological tests carried out at the
Núcleo de Pesquisas em Zoonoses (NUPEZO), Departamento de
Higiene Veterinária e Saúde Pública da Faculdade de Medicina
Veterinária e Zootecnia da UNESP, Campus of Botucatu, Brazil.

Indirect immunofluorescence assay (IFA-IgG)
The antigen for sensitization of the slides was produced
with using L. major promastigotes kept in tubes containing
9 mL of liver infusion broth and tryptose medium and 5 mL of
Novy‑McNeal-Nicolle medium. After drying, the slides were kept
at −20 °C until use.
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The Leishmania (L.) i. chagasi antibodies were studied using
IFA (CAMARGO, 1974) for serial serum dilutions of 1:40,
1:80, 1:160, 1:320, and 1:640. This process was performed in
microplates, using 190 µL of phosphate-buffered saline (PBS)
(pH 7.2) to begin the serial dilution with 10 µL of the serum
sample in the first well (1:20 dilution). Subsequently, 100 µL of
PBS was added into the next five wells, pipetting a 100-µL volume
from the first dilution into the next well (after homogenization),
until reaching the fifth well, and the last 100-µL volume was
discarded. This procedure was repeated with positive and negative
control serum samples. Each serum dilution (10 µL) was pipetted
into the slide wells, including the positive and negative controls.
The slides were incubated inside a moist chamber at 37 °C, for
30 minutes. Afterwards, they were washed twice with PBS for
10 minutes and dried in incubator at 37 °C.
Anti-immunoglobulin G (IgG) specific to cats, conjugated
with the fluorescein isothiocyanate, was diluted according to the
manufacturer’s instructions, using Evans Blue solution with PBS
(1:5) and adding 10 µL to each dilution on the slides.
The slides were again incubated for 30 minutes at 37 °C
in a moist chamber, washed with PBS, dried in the incubator,
assembled with buffered glycerol (pH 8.5), and covered with
coverslips. The slides were examined using an immunofluorescence
microscope (magnification of 40×). After reading the controls,
the highest dilution of the serum for which complete fluorescence
occurred at the border of at least 50% of the promastigotes was
considered the cut-off point, equal or superior to 40 IU.
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1% formaldehyde and samples were kept at 4 °C in amber bottles
until their use as antigens.
The sera were first diluted 1:20 in physiological solution
containing 1% fetal bovine serum and 0.7% of 2-mercaptoethanol
into V-shaped wells in microplates and incubated for one hour at
environmental temperature. An equal volume of antigen suspension
was then added and the solution was kept at room temperature
overnight. The positive and negative control serum samples were
used as controls. The cut-off point was 40 IU (BRASIL, 2011).

Statistical analysis
Frequency distributions were analyzed. The chi-square and
Fisher’s exact tests (SAS, 2011) were used to test the association
between risk factors and seropositivity, at a 95% confidence level.
The Kappa coefficient was used to determine the agreement rate
between the IFA and DAT.

Results
Of the 443 serum samples, 18 (4.06%) were positive based on
the IFA, 13 (2.94%) of which were labelled 40 IU and 4 (0.90%)
were 80 IU. One of the samples was not included owing to an
insufficient serum volume.
In the DAT, 25 (5.64%) animals tested positive, 4.97% with
40 IU labels and 0.68% with 80 IU.
Of the 425 negative animals based on the IFA, 403 were also
negative according to the DAT. Of 18 positive samples identified
in the IFA, only three were also positive according to the DAT.
This indicated that the agreement between the tests was low
(Kappa coefficient = 0.10; Fisher’s Exact Test P = 0,0813) (Table 1).
In a comparison of the observed titers, 19 of the animals that
tested negative using the IFA were 40 IU in the DAT and only
three were 80 IU label. Twelve cats were negative in the DAT
and of 13 cats labelled 40 IU in the IFA, only one was 40 IU in
the DAT. Of four animals with the 80 IU label in the IFA, two
were negative in the DAT and the other two were labelled 40 IU.
In the epidemiological analysis, among the 438 animals, 76.94%
had no defined breed, 22.37% were Siamese, and 0.68% were
Persian. With respect to age, 80.59% were young (0 to 3 years)
and the rest were adults (4 to 18 years). Females represented
60.50% of the individuals and 39.50% were male.
For walking habits, 88.36% of animals stayed home during
the day. Origin was defined as the neighborhood from which they
came, and 5.71% were from downtown Belém, 10.50% from
Benguí, 16.67% from Entroncamento, 26.94% from Guamá,

Direct Agglutination Test (DAT)
The DAT was performed according to the methods of
Garcez et al. (1997), with some modifications. The promastigotes
form of L. major was cultured in liver infusion broth + tryptose
and Novy-McNeal-Nicolle media until reaching the stationary
phase of growth. The parasites then were washed five times with
Locke solution. The sediment was suspended at 1/20 in Locke
solution containing 0.4% of trypsin and incubated for 45 minutes
at 37 °C. The parasites were washed again and suspended in a
2 × 108 promastigotes/mL solution. An equal volume of formaldehyde
2% was added to the Locke solution and the suspension was kept
at 4 °C overnight. The parasites were washed three times with
physiological solution and resuspended in physiological solution
containing 0.02% of Coomassie Brilliant Blue pigment to reach
1 × 108 promastigotes/mL, keeping them active during and after
90 minutes of centrifugation. They were then washed three times
with physiological solution. The concentration was adjusted to
1 × 108 promastigotes/mL using physiological solution containing

Table 1. Comparison between the serological results of the indirect immunofluorescence assay (IFA) and direct agglutination test (DAT) in
domestic cats, from Belém, Pará, Brazil.
DAT
Positive
Negative
Total

IFA
Positive
3
15
18

Kappa coefficient (κ): 0.10; Fisher’s Exact Test P = 0.0813.

Negative
22
403
425

Total
25
418
443
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Table 2. Association between variables: breed, age, gender, in-residence
stay, and animal origin and the serological results for leishmaniasis
using the IFA. Botucatu-SP, 2014.
Variables
Breed
Undefined
Persian
Siamese
Age
Young
Adults

Na

Positive Animals
Nb (%)c

0.45d
337
3
98

15 (3.42)
0
2 (0.6)
0.05d

353
85

17 (3.88)
0
0.88e

Gender
Male
Female

173
265

7 (1.60)
10 (2.28)

Without outdoor access
Yes
No

51
387

3 (0.68)
14 (3.20)

Origin
Downtown
Benguí
Entroncamento
Guamá
Administrative District of
Icoaraci
Ilha do Mosqueiro
Outeiro
Sacramento

P-Value

0.43d

0.90d
25
46
73
118
38

2 (0.46)
2 (0.46)
2 (0.46)
4 (0.91)
1 (0.23)

2
15
111

0
0
6 (1.37)

Key: a Number of animals with data for each variable. b Frequency of reagents
based on the analyzed variable. c Percentage of positive animals for the antibodies
based on the IFA when labelled ≥40 IU; P: value of P for α = 5%. d Fisher’s
exact test. e Chi-square test.

25.34% from Sacramento, 8.68% the Administrative District of
Icoaraci, 2.74% from Ilha do Mosqueiro, and 3.42% (15/438)
from the Outeiro neighborhood.
Younger animals were slightly more likely to test positive
in the IFA than older animals (P = 0.05). The young animals
demonstrated 3.88% (17/438) positivity, but no adults tested
positive. No significant difference was observed for the other
analyzed variables (Table 2).

Discussion
In Brazil, visceral leishmaniasis has been repeatedly reported in
domestic cats (SAVANI et al., 2004; ROSSI, 2007; SILVA et al., 2008;
NOÉ, 2008; COELHO et al., 2010; COSTA et al., 2010;
MARODIN, 2011). These are primarily case studies of the
occurrence of natural infections in cats. Few studies have examined
seroprevalence.
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In the present study, seroprevalence was 4.06% based on the
IFA. This estimate was lower than the results presented by Rossi
(2007), which showed a prevalence of 6.5% using the parasitological
exam ELISA and IFA. Costa et al. (2010) observed 11.5% positivity
using ELISA. However, the prevalence found in this study was
higher than those reported by Bresciani et al. (2010) and Silveira
(2010), which both used ELISA and obtained 3.5% positivity.
Figueiredo et al. (2009) also found lower values in a study focusing
on Rio de Janeiro; they reported 2.4% positivity using ELISA.
The rate of positive results using the DAT was 5.64% in this
study. Using the same diagnostic tests, 1.9% positivity was found
in Portugal for 36 animals (CARDOSO et al., 2010).
Caution is required when comparing the results of serological
tests, owing primarily to poor standardization of antigens, dilution
methods, and reagents. The development of standardized techniques
for comparisons is necessary.
Regarding to the occurrence of visceral leishmaniasis in cats
from the state of Pará, the estimate from this study is lower than
those of Valadas et al. (2010), who found 23.2% positivity among
129 urban and rural dogs in the municipality of Santarém, and
Schwanke et al. (2014), who found 14.8% (25/169) positivity in
dogs from the Center for Zoonosis Control and 6% (10/166) in
pet dogs from Belém using sensitized IFA slides with Leishmania
major-like promastigotes. However, no studies have considered
cats or other susceptible species in this region.
A few studies have compared the use of IFA and DAT to
diagnose leishmaniasis. A human study in Iran examining the
anti-Leishmania spp. antibody rate detected 43 (70.5%) positive
patients using the DAT and 49 (80.3%) using the IFA, showing
substantial agreement between the tests (MIKAEILI et al., 2007),
unlike the results found in the present study.
The IFA is recommended for the diagnosis of canine visceral
leishmaniasis with good sensitivity and specificity. Uchôa et al.
(2001) suggested that serological techniques must be used in
combination with other diagnostic tests, such as direct PCR-based
parasitological exams or the rapid immunochromatographic test.
For the diagnosis of canine visceral leishmaniasis, using
L. major‑like promastigotes as antigens may impair specificity owing
to cross-reactions with other infectious agents. This occurs because
different pathogens present similar L. major-like epitope features,
especially for closely related species (ANDRADE et al., 2009).
The occurrence of cross-reactivity in serological tests is
limited (FERRER et al., 1995). Some studies have reported that
anti-Ehrlichia canis and Babesia canis antibodies also react with
Leishmania spp. parasites (MANCIANTI et al., 1996; GOMES
& CORDEIRO, 2004).
Cross-reactivity between this antigen and other infectious agents
has been demonstrated in several studies (VEXENAT et al., 1996;
FERREIRA et al., 2007; ANDRADE et al., 2009), particularly
for trypanosomes (FERREIRA et al., 2007).
Cross-reactions between infections in serological diagnoses
primarily occurs when unpurified antigens are used. Despite reports of
serological cross-reactivity between Leishmania spp. and Trypanosoma
cruzi, little is known about the influence of other micro-organisms
in the interpretation of results. (LONARDONI et al., 2006).
In the CVL, high antibody titers indicate an acute infection
and potential transmission of the protozoan to vectors
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(QUINNELL et al., 2003); however, several studies have shown
that this association does not apply to feline leishmaniasis cases.
Other authors who have found low prevalence addition to the low
titers in seroepidemiological studies have questioned the importance
of cats as reservoirs of the disease, which reinforces the need for
more studies on this subject (MARTÍN-SÁNCHEZ et al., 2007;
DUARTE et al., 2010).
Kirkpatrick et al. (1984) demonstrated that intradermal
inoculation of the promastigotes form of L. infantum in six cats
leads to a significant rise in antibody titers only 16 weeks after
the infection, when no parasite was found in the blood, bone
marrow, spleen, or liver.
The results of Martín-Sánchez et al. (2007) suggest that a
humoral response may have a protective role in cases of cats
infected with Leishmania spp. Simões-Mattos et al. (2005), after
experimentally infecting a cat with L. braziliensis, did not find a
correlation between the active lesions containing the parasite and
positive serological results.
The low labels found in this study are similar to some previous
results in felines, which show that feline antibody labels tend to
be lower than those detected in canine visceral leishmaniasis cases
(POLI et al., 2002; GRAMICCIA & GRADONI, 2005; MAIA &
CAMPINO, 2011; GARRIDO, 2012). The low level or absence
of antibodies may also be explained by reduced production of
antibodies in felines relative to canids (MAIA et al., 2010; MAIA
& CAMPINO, 2011). Nevertheless, serological techniques are still
used to diagnose feline leishmaniasis, but verification with other
exams such as parasitological or molecular methods is necessary
(GRAMICCIA, 2011) to improve the diagnostic sensitivity and
specificity.
This study demonstrated natural L. (L.) i. chagasi infections
in domestic felines from various neighborhoods in Belém, Brazil.
It also emphasized that antibody research in the feline population
is particularly important for public health, because cats, as well as
dogs, are in close coexistence with humans, and their epidemiological
role has not being properly clarified. The results indicate the need
for new studies examining the use of the DAT as the diagnostic
test for feline visceral leishmaniasis. Significant differences between
the serological results with respect to the other analyzed variables
were not observed.
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