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INTRODUCTION

Species of the genus Leishmania 
(Kinetoplastida: Trypanosomatidae) are the etiological 
agents of leishmaniasis, a neglected tropical disease. 
Over 20 species of Leishmania have been identified 
to infect humans and other mammals (WHO, 2020). 
While dogs are the primary urban reservoir for 
Leishmania species (spp), and their role in zoonotic 
transmission is well established, other mammals 
infected with Leishmania spp. have been reported in 
Brazil (DANTAS-TORRES, 2007; LIMA et al., 2013). 

The epidemiological role of felines in the 
disease cycle has been reported worldwide (PENNISI 
et al., 2013, 2015; PENNISI & PERSICHETTI, 
2018). The first case of feline leishmaniosis (FeL) 
was documented in Algeria in 1912. Since then, 
FeL has been reported in several countries. Cats are 
susceptible to Leishmania infection and often reside 
in close proximity to both dogs and humans. A few 
studies have proposed the potential role of cats as 
secondary reservoirs, contributing to the persistence 
of the disease in areas endemic to canine visceral 
leishmaniosis (CVL) (ASFARAM et al, 2019). L. 
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ABSTRACT: Feline leishmaniosis is infrequent worldwide, and cats have been suggested as secondary reservoirs for the parasite. However, 
specific diagnostic techniques for feline samples are scarce. In this study, we standardized an in-house indirect enzyme-linked immunosorbent 
assay (ELISA) using crude Leishmania infantum antigen to detect antibodies in feline samples from an endemic canine visceral leishmaniosis 
(CVL) area in the western border of Brazil. The results were compared with those of an indirect immunofluorescence assay (IFA). We tested 
semi-domiciled felines residing in Uruguaiana and Barra do Quaraí, Rio Grande do Sul. Among the 41 samples, 25 (61%) were positive using 
ELISA and 24 (58%) were positive using IFA (1:40). Our findings demonstrated a high seropositivity of feline samples from the endemic CVL 
area in the western border of Brazil, and we proposed the use of an in-house ELISA with crude antigen for population screening. This is the 
first serological survey on felines in a region where CVL is well established.
Key words: feline, leishmaniasis, serodiagnosis, immunodiagnostic, Leishmania infantum. 

RESUMO: A leishmaniose felina é relatada esporadicamente em todo o mundo e, a espécie foi sugerida como um reservatório secundário 
para o parasita. Apesar disso, há carência de técnicas diagnósticas específicas para amostras de felinos. O presente estudo teve como objetivo 
padronizar um Ensaio de Imunoabsorção Enzimática (ELISA) indireto interno, utilizando o antígeno cru de L. infantum para detectar anticorpos 
em amostras felinas em uma área endêmica de CVL na fronteira oeste do Brasil e, comparar os resultados com o ensaio de imunofluorescência 
indireta (IFA). Foram testados felinos residentes em Uruguaiana e Barra do Quaraí – RS, semi-domiciliados. Entre as 41 amostras testadas, 25 
(61%) foram positivas no ELISA e 24 (58%) no IFA (1:40). O presente estudo elucidou uma alta soropositividade de amostras felinas em uma 
área endêmica de leishmaniose visceral canina na fronteira Oeste do Brasil e demonstrou a possibilidade de aplicar um ELISA com antígeno 
bruto para diagnóstico de triagem populacional. Além disso, este é o primeiro inquérito sorológico em felinos na região onde a leishmaniose 
visceral canina está bem estabelecida.
Palavras-chave: felino, leishmaniose, sorodiagnóstico, imunodiagnóstico, Leishmania infantum.
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infantum is the main species involved in FeL in 
Brazil (NASCIMENTO et al., 2022). Although, 
CVL has been reported in the border region between 
Argentina and Brazil since 2008 (SOUZA et al., 
2009), no cases of FeL have been reported in the 
state of Rio Grande do Sul.

Diagnostic techniques for FeL are not well 
defined and primarily rely on methods used for CVL 
samples. There are no commercial tests specifically 
designed for FeL diagnosis, and the accuracy of 
serological tests (commercial tests for CVL or in 
house serological methods for cats) has not been 
evaluated. Most epidemiological studies involving 
the serological evaluation of feline samples employ 
immunofluorescence assay (IFA) and enzyme-
linked immunosorbent assay (ELISA). Additionally, 
parasitological and molecular techniques are used 
for confirmation (OLIVEIRA et al., 2015; IATTA 
et al., 2020; FOROUGHI-PARVAR et al., 2021;  
NASCIMENTO et al., 2022). 

In this study, we standardized an indirect 
ELISA using crude L. infantum antigen to detect 
antibodies in feline samples from an endemic CVL 
area in western border Brazil. 

MATERIALS   AND   METHODS

The present study was conducted in urban 
areas of Uruguaiana (29° 44′ 58″ S and 57° 5′ 18″ 
W) and Barra do Quaraí (30° 11’ 59’’ S and 57° 31’ 
12’’ W) municipalities, located on the western border 
of Brazil, adjacent to Argentina and Uruguay. The 
collection of samples from individually-owned cats 
was carried out from September 2018 to February 
2020. The study included semi-domiciled, mixed 
breed cats (Felis silvestris catus) of both sexes, with 
an average age of 4 years.

A total of 41 biological samples 
were collected from the cats via venipuncture 
of the external jugular or cephalic veins while 
under physical restraint and stored in tubes with 
ethylenediaminetetraacetic acid (EDTA) or without 
anticoagulant. The major clinical signs present 
were increase of lymph nodes (Table 1). Along with 
this, some animals presented complex stomatitis 
gingivitis and one of them weight loss. The blood 
was centrifuged at 400xG for 20 minutes, and the 
serum was stored in 2-mL microtubes and frozen at 
-20 ºC for subsequent use.

For the positive control, we selected a 
cat living in an endemic CVL area in Uruguaiana. 
The cat cohabited with a dog showing clinical signs 
of CVL and tested positive in polymerase chain 

reaction (PCR) and serology tests. The positive 
control cat also tested positive in a dual-path platform 
chromatographic immunoassay rapid test (DPP-Bio 
Manguinhos®) and quantitative PCR (qPCR) for 
leishmaniasis. For the negative control, an adult cat 
without contact with CVL-infected dogs was selected. 
The blood sample from this cat tested negative for 
both DPP® and qPCR. Blank controls for primary 
and secondary antibodies were included to verify the 
absence of any non-specific reactions.

The L. infantum strain (International code 
MHOM/BR/2002/LPC-RPV), selected as the antigen 
owing to its prevalence in the region (ESCOBAR et 
al., 2020; PRADELLA et al., 2020), was obtained 
from the Leishmania Collection of the Oswaldo Cruz 
Institute (CLIOC -FIOCRUZ/RJ). The culture was 
maintained and cultivated according to the manual 
with modifications (BRAZIL, 2018).

The antigen preparation followed the 
protocol described by SOARES (2012) with slight 
modifications. The plates were fixed with crude L. 
infantum antigen at a concentration of 10 μg/mL. 
Subsequently, blocking was performed by adding 
300 µL/well of 1% nonfat dried milk (Molico®), 
and the plates were incubated at 37 °C for 1 hour, 
as previously standardized for canine samples 
(PRADELLA et al., 2023). 

The first antibody dilutions were 1:20, 
1:40, 1:80, and 1:100. The second antibody dilution 
was tested at concentrations of 1:10,000 and 
1:40,000 (FIGUEIREDO et al., 2009; SZARGIKI et 
al., 2009). The optimal combination was determined 
based on the signal-to-noise ratio, calculated by 
dividing the mean absorbance of the positive control 
by that of the negative control. The cutoff value was 
determined as the mean plus three times the standard 
deviation of the optical density (OD) from the 
negative control, following the method described by 
Rajasekariah (2001).

The complete in-house indirect 
ELISA protocol has been previously described 
(PRADELLA et al., 2023). Briefly, the first antibody 
was diluted in phosphate-saline dilution buffer 
(PBS) supplemented with 0.05% polysorbate 20 
(PBS Tween) and 0.25% casein, at a concentration 
of 1:80, as previously defined. The second antibody 
used in this assay was species-specific (Goat pAb 
to cat IgG [HRP] ab112801) and was diluted in 
PBS Tween at a concentration of 1:10,000. The 
substrate solution, tetramethylbenzidine (TMB), 
was incubated for 15 minutes in the dark. Following 
incubation, 25 µL/well of the stop solution (2M 
sulfuric acid) was added, and the absorbance 
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was measured at 450 nm using an ELISA reader 
(Multiskan FC- Thermo Fisher Scientific®), 
according to the TMB manufacturer’s instructions.

Additionally, the samples were tested 
using indirect IFA, in which multispot slides were 
coated with promastigote forms of L. infantum. 
Serum samples were diluted in PBS at 1:40, 1:80, 

1:160, and 1:320, using positive and negative sera 
as test controls. Commercial fluorescein-labeled 
anti-Cat IgG© (Goat Anti-Cat IgG FITC®, F4262, 
Sigma-Aldrich, San Luis, Missouri, USA) was used 
as the secondary antibody. Slides were observed at 
400X magnification under a fluorescent microscope 
(Optiphase INV403F). 

 

Table 1 - General information for each animal included in the study group and the relation with the presence of increased lymph nodes 
and ELISA results. 

 

Animal identification Sex Age Municipality Increased lymph nodes ELISA 

F10 Female 4 Uruguaiana No Negative 
F11 Female 8 Uruguaiana No Positive 
F12 Female 7 Uruguaiana No Positive 
F13 Female 5 Uruguaiana Yes Positive 
F14 Female 5 Uruguaiana Yes Negative 
F15 Male 3 Uruguaiana No Positive 
F17 Male 8 Uruguaiana No Negative 
F18 Male 6 Uruguaiana No Negative 
F19 Male 5 Uruguaiana Yes Positive 
F20 Male 8 Uruguaiana Yes Positive 
F21 Female 7 Uruguaiana No Negative 
F22 Female 7 Uruguaiana No Negative 
F23 Male 8 Uruguaiana No Positive 
F25 Female 8 Uruguaiana Yes Positive 
F29 Male 2 Uruguaiana No Negative 
F30 Female 8 Uruguaiana Yes Positive 
F31 Male 3 Uruguaiana Yes Positive 
F38 Male 4 Uruguaiana No Negative 
F39 Male 7 Uruguaiana No Negative 
F43 Female 7 Uruguaiana No Positive 
F44 Female 3 Uruguaiana Yes Negative 
F46 Female 2 Uruguaiana Yes Positive 
F47 Male 2 Uruguaiana Yes Negative 
F48 Female 2 Uruguaiana Yes Negative 
F49 Male 2 Uruguaiana Yes Positive 
F53 Male 4 Uruguaiana No Positive 
F61 Male 2 Uruguaiana No Positive 
F62 Female 2 Uruguaiana Yes Positive 
F63 Male  Uruguaiana Yes Positive 
F64 Male 0,8 Uruguaiana No Positive 
F65 Female 1 Uruguaiana No Negative 
F67 Female 8 Uruguaiana Yes Positive 
F69 Female 2 Uruguaiana Yes Positive 
F73 Male 8 Uruguaiana No Negative 
F74 Male 6 Uruguaiana No Positive 
F77 Male  Uruguaiana Yes Negative 
F82 Male 0,41 Barra do Quaraí No Positive 
F83 Male 0,41 Barra do Quaraí No Negative 
F84 Female 2 Barra do Quaraí No Positive 
F86 Male 2 Barra do Quaraí Yes Positive 
F89 Male 0,5 Uruguaiana No Positive 
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RESULTS   AND   DISCUSSION

In this study, we first identified a feline 
infected with Leishmania in an endemic area of 
Uruguaiana, Rio Grande do Sul, using qPCR tests 
and the DPP-Bio Manguinhos® method. Considering 
that serological methods, such as IFA and ELISA, 
are widely used for the diagnosis of Leishmania 
infections, we developed an in-house indirect ELISA 
standardization methodology for feline samples. No 
studies on FeL have been reported in the state of Rio 
Grande do Sul (PENNISI & PERSICHETTI, 2018; 
ASFARAM et al., 2019; NASCIMENTO et al., 2022).

Using the in-house indirect ELISA 
standardization, we achieved a signal-to-noise ratio 
of 4.64 when the serum was diluted 1:80 and the 
second antibody was diluted 1:10,000. The positive 
and negative control exhibited an OD of 2.058 and 
0.443, respectively. The cutoff value was set at 0.419 
(values 5% higher were considered positive and 5% 
lower negative). Out of the 41 cat samples, 25 (61%) 
tested positive via ELISA (Figure 1) for the detection 
of antibodies to Leishmania spp. (Table 2). Among 
the total of 41 cats tested using the IFA technique, 
36 (88%), 26 (63%), 15 (37%) and 7 (17%) were 
positive using the dilutions 1:40, 1:80, 1:160 and 
1:320, respectively. TREVISAN et al. (2015) reported 
that the widespread use of ELISA for detecting 
anti-Leishmania antibodies in Brazil indicates both 
infection and exposure to the parasite.

The recommended dilution for IFA in cat 
samples is 1:80, which has been applied under field 
conditions after test validation (PENNISI et al., 2015; 

IATTA et al., 2020). However, in our study, we also 
assessed the 1:40 dilution, which has been used in 
studies carried out in different states of Brazil and 
has evidenced higher sensitivity compared with the 
1:80 dilution (NASCIMENTO, 2021). It has also 
reported a seroprevalence of 10.9% for FeL (VIDES 
et al., 2011). Similar to our study, VIDES et al. (2011) 
performed indirect ELISA using crude antigen of L. 
infantum and the calculations included signal-to-
noise ratio and cutoff values. The calculated cutoff 
value was 0.2765 for ELISA, and the seroprevalence 
of FeL was 14/55 (25.4%) which was lower than that 
observed in our research.

Anti-Leishmania antibody detection using 
ELISA has been widely used in feline serological 
evaluations. The validation of the test is crucial to 
determine its optimal conditions, as demonstrated in 
various studies comparing different sample dilutions 
and secondary antibodies (FIGUEIREDO et al., 
2009;  VIDES et al., 2011; SOBRINHO et al., 2012;). 
One limitation of the study was lack of Leishmania 
characterization in the positive samples and it is 
important to clarify that seropositive cats indicate 
exposition and not infection with Leishmania. In the 
same way, the accuracy (sensitivity and specificity) of 
the serological tests used were not evaluated.

This research represents a significant 
contribution as a pioneering study conducted in a 
triple border region between Brazil, Uruguay, and 
Argentina, where reports on Leishmania infection 
are limited. The motivation to conduct it based 
on previous research on feline infections in the 
region and the absence of a specific diagnostic 

Figure 1 - Correlation between positive samples using different 
techniques: enzyme-linked immunosorbent assay 
(ELISA), indirect immunofluorescence assay (IFA) 
with a 1:40 dilution, and IFA with a 1:80 dilution.
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methodology for felines. The challenge was to 
identify infected felines in order to develop this 
technique, which required an active search in the 
main endemic areas for CVL.

CONCLUSION

This study reports the first documented 
case of FeL in an endemic area of CVL, providing 
the first serological test for leishmaniasis in feline 
samples from the western border region of Rio 
Grande do Sul, Brazil. In-house ELISA allowed for 
the serological detection of Leishmania antibodies 
in feline samples. Out of the 41 cat samples tested, 
61% (25/41) were positive via ELISA for the 
detection of antibodies against Leishmania spp., 
and among them, 58% (24/41) were also positive 
via IFA. The identification of positive cat samples 
in an endemic area for CVL is highly relevant and 
raises concerns for human health. Based on our initial 
findings, further analyses are necessary to identify the 
prevalence of Leishmania infections in feline species 

and determine the circulating feline Leishmania 
species in the western border region of Rio Grande 
do Sul. Additionally, understanding the role of FeL in 
the leishmaniasis cycle is crucial for effective control 
and prevention strategies. 
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Table 2 - Optical density (OD) for positive (OD >0.439) and negative (OD <0.398) samples tested using ELISA for the detection of 
antibodies against Leishmania spp. 

 

Positive Sample ELISA OD 450 nm Negative Sample ELISA OD 450 nm 

F11 0.666 F10 0.371 
F12 0.581 F14 0.217 
F13 0.761 F17 0.409 
F15 0.990 F18 0.366 
F19 0.714 F21 0.225 
F20 1.673 F22 0.370 
F23 0.528 F29 0.328 
F25 0.968 F38 0.359 
F30 0.874 F39 0.360 
F31 0.529 F44 0.391 
F43 0.439 F47 0.377 
F46 0.480 F48 0.308 
F49 1.105 F65 0.173 
F53 0.633 F73 0.188 
F61 0.445 F77 0.311 
F62 0.565 F83 0.164 
F63 0.443   
F64 0.533   
F67 0.764   
F69 0.456   
F74 0.611   
F82 0.462   
F84 0.812   
F86 0.604   
F89 0.915   
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