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Abstract
Background: Domestic cats have been implicated as accidental hosts of Leishmania 
sp. However, in recent years, the recurrent description of new cases in endemic 
and nonendemic areas draw attention to the potential epidemiological role of 
cats as reservoir hosts. Although dogs are considered urban reservoirs, cats could 
act as a secondary natural reservoirs in these areas. Thus, feline leishmaniasis 
has become an emerging disease in several countries worldwide.
Case presentation: This study aimed to describe the first case of feline 
leishmaniasis in a stray animal that presented lesions compatible with the 
disease in Belém, Pará, Brazil, an important urban area in eastern Amazon. 
Serological tests for Leishmania infantum (ELISA and IFA) were nonreactive, 
whereas histopathological examination indicated infectious dermatitis caused by 
Leishmania spp. or Toxoplasma gondii. Cytopathological study of lesion aspirate 
confirmed the presence of Leishmania sp. amastigotes within macrophages. 
Finally, molecular analyses revealed that the feline infection was caused by 
Leishmania (Leishmania) infantum chagasi.
Conclusion: To the best of the authors’ knowledge, this study reports the first 
case of natural infection by Leishmania (Leishmania) infantum chagasi in a 
feline from eastern Amazon. These findings suggest domestic cats as potential 
secondary reservoir hosts of Leishmania spp. in Belém, which reinforces the 
importance of further epidemiological investigation of feline leishmaniasis, 
especially in urban areas with human cases.
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Background
Leishmaniasis is a globally distributed and potentially fatal 
zoonosis caused by a parasitic protozoan of the genus Leishmania. 
Despite this, leishmaniasis is still considered a neglected disease 
among tropical diseases [1]. It is transmitted by sandfly vectors 
found in the New and Old Worlds, and dogs are considered the 
main domestic reservoir hosts. Canine leishmaniasis is a complex 
disease in which many infected dogs do not show clinical signs 
or only develop mild signs, thus supporting the survival of the 
parasite [2]. Symptomatic dogs may present a broad spectrum 
of clinical signs that hinder the diagnosis and management of 
the disease [3]. 

In addition to dogs, cats could be infected by different 
Leishmania species, but the prevalence of the disease in this 
domestic animal is much lower than in dogs, and most cases are 
asymptomatic [4]. When clinical signs occur, the most common 
are lymphadenomegaly; splenomegaly; weight loss; anorexia; and 
skin, mucocutaneous and eye lesions [5]. Some studies indicate 
that cats are less susceptible to the disease than dogs, and in 
endemic areas, the role of cats in leishmaniasis epidemiology 
is not yet understood [6, 7]. Other studies have indicated a 
dramatic increase in the number of cases of feline leishmaniasis 
(FeL), with the majority being L. infantum/L. chagasi [5, 8]. 
Nevertheless, the clinical diagnosis of FeL in endemic areas is 
not common, probably due to subclinical infection occurring 
in most infected cats [9]. It is believed that coinfections such 
as haemoparasites and some immunosuppressive viruses may 
affect the development of the disease [10]. 

Since cats have a freer lifestyle than dogs, and it is assumed 
that they would be exposed to a greater number of arthropods 
than dogs. It seems that the use of the tongue for hygiene by 
cats seems to minimize these risks compared to the risks for 
dogs [11]. However, in cases where there is abundance of the 
vector in the peridomiciliary area, infection is favored. The 
occurrence of FeL has been described in several countries 
[12-14]. In Brazil, there are reports of FeL in domestic cats in 
several states [8, 15, 16, 17], including Pará [18]. In the present 
study, we provide the first report on molecular detection and 
identification of Leishmania (Leishmania) infantum chagasi in 
a naturally infected domestic cat (Felis catus) from Belem, Pará, 
Brazil. This report suggests that autochthonous leishmaniasis 
with cats acting as a secondary reservoirs of Leishmania (L.) 
infantum chagasi is occurring in an important urban area in 
eastern Amazon. 

Case presentation
This study was approved by the Animal Use Ethics Committee 
(CEUA) of the Federal University of Pará (UFPA), under protocol 
number CEUA-UFPA 20220602. 

In October 2019, a stray cat, approximately 3 years old, 
was taken to a veterinary service by a cat lover who had been 

feeding it for about 2 years at the door of his house, which is 
located in the COAB complex in Marambaia neighbourhood 
in Belém, the capital of Pará state, Brazil (Figure 1). The person 
indicated that the feline had an ear lesion for about 6 months 
and that he sought veterinary evaluation because new cutaneous 
lesions were appearing in other parts of the cat’s body. Then, 
the animal was sent to the municipal zoonoses center in Belém 
for a full evaluation by another  veterinarian, who collected 
biological material (blood, serum and aspirate from the lesion) 
for diagnostic tests.

On physical examination, lymphadenopathy and erythematous, 
edematous and non-painful papular lesions around the edges of 
both ears, the snout, and the dewclaw of the left hind limb were 
observed in the cat (Figure 2). A complete blood count as well as 
biochemistry and serology tests for visceral leishmaniasis (VL) 
were performed using enzyme-linked immunosorbent assays 
(ELISAs), and indirect immunofluorescence assays (IFAs) were 
performed following the recommendations of the manufacturer 
(kit ELISA S7 Biogene and kit Biomanguinhos/Fiocruz Brasil). 
Cytology was performed using fine-needle aspiration cytology 
(FNAC) and a histopathologic analysis was conducted for tissue 
examination.

In order to detect Leishmania DNA, polymerase chain 
reactions (PCR) targeting the small subunit ribosomal RNA 
(SSU rDNA) and kinetoplastid DNA (kDNA) genes of the 
parasite were performed according to Uliana et al. [19] and 
Francino et al. [20], respectively. Sequencing of the amplicon 
we obtained was performed in an ABI 3500XL automated 
DNA analyzer (Applied Biosystems™). Additionally, PCRs 
were also conducted in order to detect any other infection by 
haemoparasites (Ehrlichia spp., Cytauxzoon felis, Anaplasma 
spp. and Mycoplasma spp.) or viruses (Feline leukemia virus 
– FELV, and feline immunodeficiency virus – FIV). A nested 
PCR amplicon was sequenced in both directions, forward 
and reverse, using an ABI 3500XL DNA analyzer (Applied 
Biosystems™). BioEdit software [21], was used to assemble and 
align sequences. Phylogenetic analysis was carried out through 
Bayesian Inference (BI) as implemented in MrBayes 3.2.6 [22], 
assuming a Jukes-Cantor (JC) model of nucleotide substitution, 
which was selected as the most appropriate model of evolution 
by ModelFinder as implemented in IQ-Tree 2.1.3 [23], under the 
Bayesian Information Criterion (BIC). Two parallel runs of four 
simultaneous Markov Chain Monte Carlo (MCMC) searches 
for 2 million generations each were performed, sampling one 
tree every 100 generations, and the results of the first 5000 trees 
as burn-in were discarded. The remaining trees were used by 
MrBayes to estimate the posterior probability of each node in 
our phylogenetic reconstruction. In addition to the sequence 
obtained here, the ingroup included seven partial SSU rDNA 
sequences of Leishmania species which were retrieved from 
Genbank. Based on Marcili et al. [24] we used SSU rDNA 
sequences of Leptomonas as an outgroup.
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Figure 1. Location of the occurrence of autochthonous feline leishmaniasis described in this study.

Figure 2. Skin erythematous, edematous, and non-painful papular lesions in a stray cat from an urban area in eastern Amazon. 



Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Aguiar et al.   J Venom Anim Toxins incl Trop Dis, 2023, 29:e20220048 Page 4 of 8

﻿ ﻿

The blood count indicated only neutrophilia with a regenerative 
left shift. The serum levels of alkaline phosphatase, creatinine, 
urea, transaminase glutamic-oxaloacetic (TGO) and glutamate-
pyruvate transaminase (GPT) were within the parameters for Felis 
catus. Serological tests for canine visceral leishmaniasis by ELISA 
and IFA were negative, while histopathological examination 
indicated severe infectious pyogranulomatous dermatitis 
caused by Leishmania spp. or Toxoplasma gondii. However, 
the cytopathological examination confirmed amastigote forms 
of Leishmania sp. inside macrophages (Figure 3).

Molecular detection of hemoparasites and viruses were 
all negative. There was no detection of L. infantum kDNA, 
but detection of SSU rDNA of Leishmania spp. was positive. 

Excluding primers, a database with 403 nucleotides of the SSU 
rDNA was generated for most taxa, except for Leishmania 
chagasi, which had only 398. According to the topology found 
(Figure 4) in group splits in three clades: A (sequence of this 
study, Leishmania infantum, Leishmania chagasi, Leishmania 
donovani), B (Leishmania amazonensis, Leishmania major) and 
C (Leishmania braziliensis, Leishmania guyanensis). Sequences 
within each group showed 100% identity. The clade A sequences 
differed from the rest by presenting a thymine instead of a 
cytosine in position 250, while the clade B sequences in position 
17 presented an adenine instead of a guanine, as was observed in 
the others. Finally, the clade C sequences in position 10 presented 
a thymine instead of the cytosine seen in the other sequences. 

Discussion
Although we did not seek to evaluate the efficiency of FeL 
detection methods, the negative serology versus positive PCR, as 
we observed here, corroborates Fernandez-Gallego et al. [4], who 
suggests that a combination of diagnostic tests may be needed for 
definitive diagnosis. In fact, serology may not be enough to reach 
a diagnosis in negative or low positive cases [25]. Additionally, it 

is possible that cats behave similarly to dogs in the two scenarios 
described by Quinell et al. [26]. In the first one, not all infected 
dogs are expected to be seropositive; there is known to be a 
significant prepatent period before seroconversion [27, 28], a 
number of infected dogs may never convert [29, 30], and dogs 
may revert to seronegative but remain parasite positive. In the 
second one, it is difficult to discriminate between seropositive 

Figure 3. Cytology of the aspirate (panoptic staining) from the nostril of the animal indicating macrophages with amastigotes of Leishmania sp. (Magnification  
A, B and D: 1000×; C: 400×). 
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Figure 4. Phylogenetic tree derived from the Bayesian inference based on partial SSU rDNA of Leishmania. Bayesian posterior probability values are given above 
the branch nodes. The scale bar indicates the number of substitutions per nucleotide site.

and seronegative dogs; bimodal distributions of antibody titers 
that would identify a distinct population of seropositive animals 
are rarely seen, and different tests rarely agree on the proportion 
of positives in a sample [31].

A general problem with Leishmania serology is that the 
frequency distributions of antibody titers for infected and 
uninfected animals show considerable overlap, regardless of 
the serological test used [26]. Given that the immunological 
response from cats can be different from that of dogs and due 
to the lack of specific validation for cats, the same cut-off values 
for antibody titers used for testing dogs are applied for testing 
cats. As a result, the serological tests may not reflect the actual 
infection status in felines [32, 33]. 

Although PCR is one of the most sensitive methods for 
leishmaniasis diagnosis, it is noteworthy that molecular detection 
of Leishmania DNA occurs more frequently in cats with reduced 
antibody titers [32, 34, 35]. In our study we used two different 
PCR protocols, both targeting genes with a large number of 
copies in the parasite genome. However, genetic material was 
detected only in the protocol designed to amplify a SSU rDNA 
fragment of Leishmania spp. through a nested PCR, which is 
known to present higher sensitivity compared to the detection 
of Leishmania infantum kDNA, which is a simple PCR. In this 
scenario, our study agrees with Merdekios et al. [36] and Gow 
et al. [37], who claim that, in order to reduce the number of false 
negative results, molecular diagnosis of leishmaniasis requires 
simultaneous use of more than one protocol. 

Regarding identification of the parasite detected in this 
study, the nucleotide sequence of the amplicon we obtained 
was consistently grouped in a clade that included L. infantum, 
Leishmania donovani and Leishmania chagasi. Mauricio et al. 

[38], suggested that L. (L.) chagasi is synonymous with L. (L.) 
infantum and therefore proposed that L. (L.) chagasi should not 
be considered as a valid species. On the other hand, Silveira and 
Corbett [39] evaluated all available knowledge concerning the 
eco-epidemiology of L. (L.) chagasi in the Brazilian Amazon, 
especially in regard to the sylvatic habits of its phlebotomine 
sandfly vector, Lutzomyia longipalpis, and its vertebrate reservoir, 
the wild fox Cerdocyon thous, with the aim of showing that L. (L.) 
chagasi cannot be neglected in the parasitological investigation 
of VL in the New World. However, both Silveira and Corbett [39] 
and Kuhls et al. [40], agree that the name L. (L.) infantum chagasi 
should be used. Finally, since L. donovani is prevalent in East-
Africa, India, and parts of the Middle East but not in the New 
World [41], the taxon in our study was identified as Leishmania 
(Leishmania) infantum chagasi, the species that is commonly 
isolated in patients with VL. 

To the best of the authors’ knowledge, this report describes 
the first case of natural infection by Leishmania (Leishmania) 
infantum chagasi in a domestic cat (Felis catus) in Belém, Pará, 
Brazil, which is an important urban area in eastern Amazon. 
Indeed, this is the second confirmed FeL case in Belém. Carneiro 
et al. [18] reported the first one, which was caused by Leishmania 
(Leishmania) amazonensis. Another FeL case in Pará state, 
without identification of the Leishmania species, was reported 
by Mello, in 1940, in a locality 30 km away from Belém. 

The low number of cases of FeL in Belém may be a reflex of 
greater resistance to the disease due to a more effective cellular 
immune response in cats than in dogs [11, 42]. Some studies 
conducted in cats indicate that infection by hemoparasites as 
well as FIV and FELV can facilitate Leishmania infection [4, 10]; 
however, no infection by hemoparasites, FIV or FELV was 
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detected in the present study, suggesting no immunocompromise 
in the animal. A meta-analysis indicated that the prevalence of 
dogs and cats in endemic areas is similar and that the differences 
may be related to the greater number of studies conducted in 
dogs than in cats [43]. At any rate, the number of FeL cases in 
Belém seems to be consistent with the epidemiological status 
of this municipality, which is an area of sporadic transmission 
(the average number of cases of VL over the last 5 years is 
lower than 2.4), although it has an intense migratory flow with 
municipalities considered areas of moderate (average of cases 
of VL in the last five years is greater than 2.4 and lower than 
4.4) and intense (average of cases of VL in the last five years is 
greater than 4.4) transmission [44]. 

It is noteworthy that Belém is part of a metropolitan region 
(Região Metropolitana de Belém – RMB) which has a human 
population estimated at 2.275.032 and a feline population 
estimated at nearly 22 million, for which epidemiological data 
on leishmaniasis are scarce. An exception is the Oliveira et al. 
[45] study, which analyzed the prevalence of anti-Leishmania 
spp. antibodies in domestic cats in Belém, finding 4.06% (18/443) 
positive reactions in the indirect immunofluorescence assay 
(IFA). Considering all issues related to serological tests treated 
in the present study it is likely that the real rate of Leishmania 
spp. infection in domestic cats in Belém is higher. As an example 
of this scenario, of the 1,443 dogs examined by Coura-Vital et 
al. [46], 15.9% were seropositive in at least one ELISA, whereas 
PCR-RFLP revealed that 24.7% of them were positive based on 
detection of L. infantum DNA.

Since FeL seroprevalence in Belém is similar to that observed 
in endemic areas in southeastern Brazil [32, 47] the role of 
the domestic cat in VL epidemiology in Belém should not be 
neglected. Thus, in addition to dogs, our study points to domestic 
cats as a potential secondary reservoir host of L. (L.) infantum 
chagasi, as well as corroborating the hypothesis of adaptation of 
this parasite to alternative vectors [48], which may be involved 
in VL urbanization. To the best of our knowledge, Lutzomya 
longipalpis, considered the main vector of the VL, could not 
be found in Belém, additionally, Lainson and Rangel [48], 
suggests Lu. longipalpis is primordially a sylvatic species and 
that it can still be captured in remote primary forest that is far 
from human habitation. Remarkably, the RMB has a total of 
154 forest fragments and four urban parks with areas varying 
from 1 to 1,200 hectares, where the phlebotomine sand fly fauna 
currently presents 22 known species, with at least six being of 
epidemiological interest in the potential transmission of five 
leishmaniasis agents [49]. Thus, the real vector of causative 
agent of VL has not been elucidated. 

Conclusion
Although our study does not contribute to an understanding of 
the risk factors associated with FeL in Belém, it does contribute 
towards expanding knowledge about the elements that make up 

the chain of transmission of VL. Thus, in the epidemiological 
context, together with that reported by Carneiro et al. [18] the 
case presented here corroborates the literature in which domestic 
cats can play a role as secondary reservoirs hosts for Leishmania 
spp. in urban areas. Additionally, our report highlights the 
important changes that have occurred in the transmission 
pattern of VL, which initially had an eminently rural character, 
but which in recent years has been expanding into medium and 
large urban areas [44]. In general, this study reinforces the need 
for active surveillance of FeL in urban areas, which is in line 
with the measures recommended by the Brazilian Ministry of 
Health aiming to avoid or minimize the problems related to 
this disease in those areas [44]. Finally, our study suggests that 
more research should be developed among cat populations, 
especially in countries of endemic importance such as Brazil. 

Abbreviations

BIC: Bayesian information criterion; CEUA: animal ethics 
committee; ELISAs: enzyme-linked immunosorbent assays; 
FeL: feline leishmaniasis; FELV: feline leukemia virus; FIV: 
feline immunodeficiency virus; FNAC: fine-needle aspiration 
cytology; GPT: glutamate-pyruvate transaminase; IFAs: indirect 
immunofluorescence assays; kDNA: kinetoplastid DNA; MCMC: 
Markov chain Monte Carlo; PCR: polymerase chain reactions; 
SSU rDNA: small subunit ribosomal RNA; TGO: transaminase 
glutamic-oxaloacetic; UFPA: Universidade Federal do Pará; VL: 
visceral leishmaniasis.

Acknowledgments

We thank Dr. Elane Giese of the Federal Rural University of the 
Amazon for giving permission to use the laboratory microscope 
to produce cytology images of the lesion.

Availability of data and materials

All data generated or analysed during this study are included 
in this article.

Funding

This work was supported by PROPESP (PAPQ), Federal 
University of Pará and the Coordination for the Improvement 
of Higher Education Personnel (CAPES).

Competing interests

The authors declare that they have no competing interests. 

Authors’ contributions

DCFA, ECG, DNSN and DFP conceived this research and 
designed experiments. DCFA, ECG, DNSN, DFP, ASS, BSLC, 
AMP, and RRV performed experiments and analysis. DCFA, 
ECG, DNSN and DFP wrote the manuscript and participated in 
its revisions. All authors read and approved the final manuscript. 



Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Aguiar et al.   J Venom Anim Toxins incl Trop Dis, 2023, 29:e20220048 Page 7 of 8

﻿

Ethics approval 
The present study was approved by the Animal Use Ethics 
Committee (CEUA) of the Federal University of Pará (UFPA), 
under protocol number CEUA-UFPA 20220602.

Consent for publication
The study cat was a stray animal. The person who fed him at 
the door of his house allowed the veterinarian to take him and 
authorized her to carry out the study.

References
1.	 Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, Jannin J, den 

Boer M; WHO Leishmaniasis Control Team. WHO Leishmaniasis Control 
Team. Leishmaniasis worldwide and global estimates of its incidence. PLoS 
One. 2012;7(5):e35671. doi: 10.1371/journal.pone.0035671. 

2.	 Pennisi MG. Leishmaniosis of companion animals in Europe: an update. Vet 
Parasitol. 2015 Feb 28;208(1-2):35-47. doi: 10.1016/j.vetpar.2014.12.023. 

3.	 Baneth G, Koutinas AF, Solano-Gallego L, Bourdeau P, Ferrer L. Canine 
leishmaniosis - new concepts and insights on an expanding zoonosis: 
part one. Trends Parasitol. 2008 Jul;24(7):324-30. doi: 10.1016/j.
pt.2008.04.001.

4.	 Fernandez-Gallego A, Feo Bernabe L, Dalmau A, Esteban-Saltiveri D, 
Font A, Leiva M, et al. Feline leishmaniosis: diagnosis, treatment and 
outcome in 16 cats. J Feline Med Surg. 2020 Oct;22(10):993-1007. doi: 
10.1177/1098612X20902865.

5.	 Pennisi MG, Persichetti MF. Feline leishmaniosis: is the cat a small dog? 
Vet Parasitol. 2018 Feb 15;251:131-7. doi: 10.1016/j.vetpar.2018.01.012.

6.	 Kirkpatrick CE, Farrell JP, Goldschmidt MH. Leishmania chagasi and L. 
donovani: experimental infections in domestic cats. Exp Parasitol. 1984 
Oct;58(2):125-31. doi: 10.1016/0014-4894(84)90027-4.

7.	 Simões-Mattos L, Mattos MRF, Teixeira MJ, Oliveira-Lima JW, Bevilaqua 
CML, Prata-Júnior RC, et al. The susceptibility of domestic cats (Felis catus) 
to experimental infection with Leishmania braziliensis. Vet Parasitol. 2005 
Feb 28;127(3-4):199-208. doi: 10.1016/j.vetpar.2004.10.008.

8.	 Bezerra JAB, Oliveira IVPM, Yamakawa AC, Nilsson MG, Tomaz KLR, 
de Oliveira KDS, et al. Serological and molecular investigation of 
Leishmania spp. infection in cats from an area endemic for canine and 
human leishmaniasis in Northeast Brazil. Rev Bras Parasitol Vet. 2019 
Oct-Dec;28(4):790-6. doi: 10.1590/S1984-29612019082.

9.	 Otranto D, Dantas-Torres F. The prevention of canine leishmaniasis and 
its impact on public health. Trends Parasitol. 2013 Jul;29(7):339-45. doi: 
10.1016/j.pt.2013.05.003. 

10.	 Vicente Sobrinho LS, Rossi CN, Vides JP, Braga ET, Gomes AA, de Lima 
VMF, et al. Coinfection of Leishmania chagasi with Toxoplasma gondii, Feline 
Immunodeficiency Vvirus (FIV) and Feline Leukemia Virus (FeLV) in cats 
from an endemic area of zoonotic visceral leishmaniasis. Vet Parasitol. 
2012 Jun 8;187(1-2):302-6. doi: 10.1016/j.vetpar.2012.01.010.

11.	 Day MJ. Cats are not small dogs: is there an immunological explanation 
for why cats are less affected by arthropod-borne disease than dogs? 
Parasit Vectors. 2016 Sep 20;9(1):507. doi: 10.1186/s13071-016-1798-5.

12.	 Pereira A, Maia C. Leishmania infection in cats and feline leishmaniosis: an 
updated review with a proposal of a diagnosis algorithm and prevention 
guidelines. Curr Res Parasitol Vector Borne Dis. 2021 Jun 2;1:100035. 
doi:10.1016/j.crpvbd.2021.100035.

13.	 Mancianti F. Feline leishmaniasis: what’s the epidemiological role of the 
cat? Parassitologia. 2004 Jun;46(1-2):203-6.

14.	 Nasereddin A, Salant H, Abdeen Z. Feline leishmaniasis in Jerusalem: 
serological investigation. Vet Parasitol. 2008 Dec 20;158(4):364-9. doi: 
10.1016/j.vetpar.2008.09.022.

15.	 Pedrassani D, Biolchi J, Gonçalves LR, Mendes NS, Zanatto DCS, Calchi 
AC, et al. Molecular detection of vector-borne agents in cats in Southern 
Brazil. Rev Bras Parasitol Vet. 2019 Oct-Dec;28(4):632-43. doi: 10.1590/
S1984-29612019077.

16.	 Rocha AVVO, Moreno BFS, Cabral AD, Louzeiro NM, Miranda LM, dos 
Santos VMB, et al. Diagnosis and epidemiology of Leishmania infantum 
in domestic cats in an endemic area of the Amazon region, Brazil. Vet 
Parasitol. 2019 Sep; 273:80-5. doi: 10.1016/j.vetpar.2019.08.007.

17.	 Nascimento LFJ, Cirilo TM, Gomes DS, Gomes ACA, Lima VFS, Scher R, 
et al. Epidemiological and diagnostic aspects of feline leishmaniasis with 
emphasis on Brazil: a narrative review. Parasitol Res. 2022 Jan;121(1):21-
34. doi: 10.1007/s00436-021-07372-9. 

18.	 Carneiro LA, Vasconcelos Dos Santos T, Lima LVR, Ramos PKS, Campos 
MB, Silveira FT. First report on feline leishmaniasis caused by Leishmania 
(Leishmania) amazonensis in Amazonian Brazil. Vet Parasitol Reg Stud 
Reports. 2020 Jan;19:100360. doi: 10.1016/j.vprsr.2019.100360. 

19.	 Uliana SRB, Nelson K, Beverley SM, Camargo EP, Floeter-Winter LM. 
Discrimination among Leishmania by polymerase chain reaction and 
hibridization with small subunit ribosomal DNA derived oligonucleotides. 
J Euk Microbiol. 1994 Jul;41(4): 324-30. doi: 10.1111/j.1550-7408.1994.
tb06085.x.

20.	 Francino O, Altet L, Sánchez-Robert E, Rodriguez A, Solano-Gallego L, 
Alberola J, et al. Advantages of real-time PCR assay for diagnosis and 
monitoring of canine leishmaniosis. Vet Parasitol. 2006 Apr 30;137(3-4): 
214-21. doi: 10.1016/j.vetpar.2006.01.011.

21.	 Hall P. BioEdit version 5.0.6. North Carolina State University. 2001:192. 
22.	 Ronquist F, Huelsenbeck JP. MrBayes 3: bayesian phylogenetic inference 

under mixed models. Bioinformatics. 2003 Aug 12;19(12):1572-4. doi: 
10.1093/bioinformatics/btg180.

23.	 Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS. 
ModelFinder: fast model selection for accurate phylogenetic estimates. 
Nat Methods. 2017 Jun;14(6):587-89. doi: 10.1038/nmeth.4285.

24.	 Marcili A, Sperança MA, da Costa AP, Madeira MF, Soares HS, Sanches 
COCC, et al. Phylogenetic relationships of Leishmania species based on 
trypanosomatid barcode (SSU rDNA) and gGAPDH genes: taxonomic 
revision of Leishmania (L.) infantum chagasi in South America. Infect Genet 
Evol. 2014 Jul; 25:44-51. doi: 10.1016/j.meegid.2014.04.001. 

25.	 Pennisi MG, Cardoso L, Baneth G, Bourdeau P, Koutinas A, Miró G, et 
al. LeishVet update and recommendations on feline leishmaniosis. Parasit 
Vectors 2015 Jun 4;8: 302. doi: 10.1186/s13071-015-0909-z. 

26.	 Quinnell RJ, Courtenay O, Garcez L, Dye C. The epidemiology of 
canine leishmaniasis: transmission rates estimated from a cohort study 
in Amazonian Brazil. Parasitology. 1997 Aug;115:143-56. doi: 10.1017/
s0031182097001200.

27.	 Abranches P, Santos-Gomes G, Rachamim N, Campino L, Schnur LF, Jaffe 
CL. An experimental model for canine visceral leishmaniasis. Parasite 
Immunol. 1991 Sep;13(5):537-50. doi: 10.1111/j.1365-3024.1991.tb00550.x.

28.	 Dye C, Vidor E, Dereure J. Serological diagnosis of leishmaniasis: 
on detecting infection as well as disease. Epidemiol Infect. 1993 Jun; 
110(3):647–56. doi: 10.1017/s0950268800051074.

29.	 Dye C, Killick-Kendrick R, Vitutia MM, Walton R, Killick-Kendrick M, Harith 
AE, et al. Epidemiology of canine leishmaniasis: prevalence, incidence and 
basic reproduction number calculated from a cross-sectional serological 
survey on the island of Gozo, Malta. Parasitology. 1992 Aug;105(Pt 1):35-
41. doi: 10.1017/s0031182000073662.

30.	 Killick-Kendrick R, Killick-Kendrick M, Pinelli E, del Real G, Molina 
R, Vitutia MM, et al. A laboratory model of canine leishmaniasis: the 
inoculation of dogs with Leishmania infantum promastigotes from midguts 
of experimentally infected phlebotomine sandflies. Parasite. 1994 
Dec;1(4):311-8. doi: 10.1051/parasite/1994014311. 

31.	 Evans TG, Vasconcelos IA, Lima JW, Teixeira JM, McAullife IT, Lopes 
UG, et al. Canine visceral leishmaniasis in northeast Brazil: assessment 
of serodiagnostic methods. Am J Trop Med Hyg. 1990 Feb;42(2):118-23. 
doi: 10.4269/ajtmh.1990.42.118.

32.	 Costa TAC; Rossi CN, Laurenti MD, Gomes AAD, Vides JP, Vicente 
Sobrinho LS, et al. Occurrence of leishmaniasis in cats from endemic area 
for visceral leishmaniasis. Brazilian J Vet Res Animal Sci. 2010;47(3):213-7. 
doi: 10.11606/issn.1678-4456.bjvras.2010.26858.

33.	 Spada E, Proverbio D, Migliazzo A, Della Pepa A, Perego R, Bagnagatti 
De Giorgi G. Serological and molecular evaluation of Leishmania infantum 

https://doi.org/10.1371/journal.pone.0035671
https://doi.org/10.1016/j.vetpar.2014.12.023
https://doi.org/10.1016/j.pt.2008.04.001
https://doi.org/10.1016/j.pt.2008.04.001
https://doi.org/10.1177/1098612X20902865
https://doi.org/10.1016/j.vetpar.2018.01.012
https://doi.org/10.1016/0014-4894(84)90027-4
https://doi.org/10.1016/j.vetpar.2004.10.008
https://doi.org/10.1590/S1984-29612019082
https://doi.org/10.1016/j.pt.2013.05.003
https://doi.org/10.1016/j.vetpar.2012.01.010
https://doi.org/10.1186/s13071-016-1798-5
https://doi.org/10.1016/j.crpvbd.2021.100035
https://doi.org/10.1016/j.vetpar.2008.09.022
https://doi.org/10.1590/S1984-29612019077
https://doi.org/10.1590/S1984-29612019077
https://doi.org/10.1016/j.vetpar.2019.08.007
https://doi.org/10.1007/s00436-021-07372-9
https://doi.org/10.1016/j.vprsr.2019.100360
https://doi.org/10.1111/j.1550-7408.1994.tb06085.x
https://doi.org/10.1111/j.1550-7408.1994.tb06085.x
https://doi.org/10.1016/j.vetpar.2006.01.011
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1016/j.meegid.2014.04.001
https://doi.org/10.1186/s13071-015-0909-z
https://doi.org/10.1017/s0031182097001200
https://doi.org/10.1017/s0031182097001200
https://doi.org/10.1111/j.1365-3024.1991.tb00550.x
https://doi.org/10.1017/s0950268800051074
https://doi.org/10.1017/s0031182000073662
https://doi.org/10.1051/parasite/1994014311
https://doi.org/10.4269/ajtmh.1990.42.118
https://doi.org/10.11606/issn.1678-4456.bjvras.2010.26858


Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Aguiar et al.   J Venom Anim Toxins incl Trop Dis, 2023, 29:e20220048 Page 8 of 8

﻿

infection in stray cats in a nonendemic area in northern Italy. ISRN 
Parasitol. 2013 Jul 7;2013:916376. doi: 10.5402/2013/916376.

34.	 Martín-Sánchez J, Acedo C, Muñoz-Pérez M, Pesson B, Marchal O, Morillas-
Márquez F. Infection by Leishmania infantum in cats: epidemiological study 
in Spain. Vet Parasitol. 2007 Apr 30;145(3-4):267-73. doi: 10.1016/j.
vetpar.2006.11.005. 

35.	 Soares CSA, Duarte SC, Sousa SR. What do we know about 
feline leishmaniosis? J Feline Med Surg. 2016 Jun;18(6)435–42. doi: 
10.1177/1098612X15589358.

36.	 Merdekios B, Pareyn M, Tadesse D, Eligo N, Kassa M, Jacobs BKM, et 
al. Evaluation of conventional and four real-time PCR methods for the 
detection of Leishmania on field-collected samples in Ethiopia. PLoS Negl 
Trop Dis. 2021 Jan 12;15(1):e0008903. doi: 10.1371/journal.pntd.0008903.

37.	 Gow I, Smith NC, Stark D, Ellis J. Laboratory diagnostics for human 
Leishmania infections: a polymerase chain reaction-focussed review 
of detection and identification methods. Parasit Vectors. 2022 Nov 
5;15(1):412. doi: 10.1186/s13071-022-05524-z.

38.	 Mauricio IL, Stothard JR, Miles MA. Leishmania donovani complex: 
genotyping with the ribosomal internal transcribed spacer and the mini-
exon. Parasitology. 2004,128(Pt 3):263-7. doi: 10.1017/s0031182003004578.

39.	 Silveira FT, Corbett CEP. Leishmania chagasi Cunha & Chagas, 1937: 
indigenous or introduced? A brief review. Rev Pan-Amaz Saude. 
2010;1(2):143-7. doi: 10.5123/S2176-62232010000200018.

40.	 Kuhls K, Alam MZ, Cupolillo E, Ferreira GEM, Mauricio IL, Oddone R, et 
al. Comparative microsatellite typing of new world Leishmania infantum 
reveals low heterogeneity among populations and its recent old world 
origin. PLoS Negl Trop Dis. 2011 Jun;5(6):e1155. doi: 10.1371/journal.
pntd.0001155. 

41.	 Lukes J, Mauricio IL, Schönian G, Dujardin JC, Soteriadou K, Dedet JP, 
et al. Evolutionary and geographical history of the Leishmania donovani 
complex with a revision of current taxonomy. Proc Natl Acad Sci U S A. 
2007 May 29;104(22):9375-80. doi: 10.1073/pnas.0703678104.

42.	 Akhtardanesh B, Kheirandish R, Sharifi I, Mohammadi A, Mostafavi A, 

Mahmoodi T, et al. Low susceptibility of domestic cats to experimental 
Leishmania infantum infection. J Vector Borne Dis. 2018 Jul-Sep;55(3):230-4. 
doi: 10.4103/0972-9062.249481. 

43.	 Asfaram S, Fakhar M, Teshnizi SH. Is the cat an important reservoir 
host for visceral leishmaniasis? A systematic review with meta-analysis. 
J Venom Anim Toxins incl Trop Dis. 2019 Jun 10;25:e20190012. doi: 
10.1590/1678-9199-JVATITD-2019-0012.

44.	 Brasil. Ministério da Saúde. Departamento de vigilância em Saúde e 
Vigilância Epidemiológica. Manual de vigilância e controle da leishmaniose 
visceral. Brasília: Ministério da Saúde. 2014:120. Available from: https://
bvsms.saude.gov.br/bvs/publicacoes/manual_vigilancia_controle_
leishmaniose_visceral_1edicao.pdf. Access date: 2022 Dez 14.

45.	 Oliveira GC, Paiz LM, Menozzi BD, Lima MS, de Moraes CCG, Langoni 
H. Antibodies to Leishmania spp. in domestic felines. Rev Bras Parasitol 
Vet. 2015 Oct-Dec;24(4):464-70. doi: 10.1590/S1984-29612015071.

46.	 Coura-Vital W, Marques MJ, Veloso VM, Roatt BM, Aguiar-Soares 
RDO, Reis LES, et al. Prevalence and factors associated with Leishmania 
infantum infection of dogs from an urban area of Brazil as identified 
by molecular methods. PLoS Negl Trop Dis. 2011 Aug;5(8):e1291. doi: 
10.1371/journal.pntd.0001291.

47.	 Coelho WMD, Richini-Pereira VB, Langoni H, Bresciani KDS. Molecular 
detection of Leishmania sp. in cats (Felis catus) from Andradina Municipality, 
São Paulo State, Brazil. Vet Parasitol. 2011 Mar 10;176(2-3):281-2. doi: 
10.1016/j.vetpar.2010.10.052. 

48.	 Lainson R, Rangel EF. Lutzomyia longipalpis and the eco-epidemiology 
of American visceral leishmaniasis, with particular reference to Brazil: a 
review. Mem Inst Oswaldo Cruz. 2005 Dec;100(8):811-27. doi: 10.1590/
s0074-02762005000800001.

49.	 Ferreira JVS, dos Santos TV, dos Santos EM, Gorayeb IS. Phlebotomine 
sand flies (Diptera: Psychodidae) in forest fragments of Belem metropolitan 
area, Para state, Brazil, with considerations on vectors of American 
cutaneous leishmaniasis agents. Rev Pan-Amaz Saude. 2014;5(4):29–35. 
doi: 10.5123/S2176-62232014000200004.

https://doi.org/10.5402/2013/916376
https://doi.org/10.1016/j.vetpar.2006.11.005
https://doi.org/10.1016/j.vetpar.2006.11.005
https://doi.org/10.1177/1098612X15589358
https://doi.org/10.1371/journal.pntd.0008903
https://doi.org/10.1186/s13071-022-05524-z
https://doi.org/10.1017/s0031182003004578
https://doi.org/10.5123/S2176-62232010000200018
https://doi.org/10.1371/journal.pntd.0001155
https://doi.org/10.1371/journal.pntd.0001155
https://doi.org/10.1073/pnas.0703678104
https://doi.org/10.4103/0972-9062.249481
https://doi.org/10.1590/1678-9199-JVATITD-2019-0012
https://bvsms.saude.gov.br/bvs/publicacoes/manual_vigilancia_controle_leishmaniose_visceral_1edicao.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/manual_vigilancia_controle_leishmaniose_visceral_1edicao.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/manual_vigilancia_controle_leishmaniose_visceral_1edicao.pdf
https://doi.org/10.1590/S1984-29612015071
https://doi.org/10.1371/journal.pntd.0001291
https://doi.org/10.1016/j.vetpar.2010.10.052
https://doi.org/10.1590/s0074-02762005000800001
https://doi.org/10.1590/s0074-02762005000800001
http://doi.org/10.5123/S2176-62232014000200004



