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Abstract
The leishmaniases are a group of diseases caused by the protozoan parasite belonging to the genus Leishmania. In the New 
World, although dogs are considered the main parasite reservoir, in the last two decades, several studies have confirmed 
the role of cats (Felis catus) in the epidemiology of the disease and feline leishmaniasis (FeL) is now considered to be an 
emerging disease. The present review summarizes the current knowledge about FeL, focusing on important immunopatho‑
logical aspects, epidemiology, and diagnostic methods applied for felines in Brazil. Cats are infected with the same species 
of Leishmania found in dogs (i.e., Leishmania infantum). Like dogs, skin lesions are the most common in cats with clinical 
FeL, mainly affecting the cephalic region and less frequently the legs which may be accompanied by generalized signs or 
visceral involvement. Information on the immune response of cats to Leishmania infection is scarce; however, efficient infec‑
tion control is seen in most cases. For diagnosis, generally, the same methods as those in dogs are used, mainly serological 
tools. But there is a lack of studies focusing the performance of these methods for diagnosing FeL. The estimated overall 
prevalence of FeL in Brazil is 8%, with L. infantum being the most prevalent species. However, infections with Leishmania 
braziliensis and Leishmania amazonensis have also been reported. In conclusion, although there has been an increase in the 
publication related to FeL in Brazil in recent years, there is a lack of research relating immune response and diagnosis of 
these animals. Cats have been shown to be competent hosts for Leishmania parasites, and their role in the epidemiology of 
the disease cannot be underestimated, especially in areas of Brazil where the disease is historically endemic.
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Introduction

The leishmaniases are neglected tropical diseases caused by 
protozoa of the genus Leishmania (Kinetoplastida: Trypano‑
somatidae), of which more than 20 species infect humans. 
The main route of transmission to humans and other mam‑
malian hosts is through the inoculation of parasites during 
the blood meal of the infected sand flies (Burza et al. 2018; 
WHO 2020).

There are three main forms of manifestation of the dis‑
ease in humans: cutaneous leishmaniasis (CL), mucocutane‑
ous leishmaniasis (MCL), and visceral leishmaniasis (VL). 
Depending on the source of infection, from an animal or 
human reservoir, leishmaniasis can be classified as either 
zoonotic or anthroponotic, respectively. The World Health 
Organization (WHO) estimates that about one billion people 
live in areas at risk for at least one of the clinical forms of 
the disease, with 556 million people at risk of developing 
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VL (WHO 2016). Nevertheless, in recent years, the global 
number of human VL has declined substantially, from 
200,000 to 400,000 cases in 2012 to approximately 17,000 
cases annually in 2018 (Alvar et al. 2012; WHO 2020).

Unlike CL, which has a greater prevalence in rural areas, 
in Brazil, VL occurs predominantly in peripheral areas of 
urban centers, associated with environments with poor infra‑
structure and extremely poor sanitation conditions (Marchi 
et al. 2019). However, modified disease dynamics in recent 
years, because of geographic and environmental changes, 
has resulted in the advancement of VL into areas previously 
free of the disease, mainly in rural regions of Brazil (Reis 
et al. 2017).

It is widely known that dogs are the main parasite reser‑
voir for canine and human Leishmania infantum infection 
(Werneck 2010; Solano‑Gallego et al. 2016; Ribeiro et al. 
2018). However, other mammals infected with L. infantum 
have been reported in Brazil (Lima et al. 2013). Wide dis‑
persion of VL suggests new reservoirs of the disease, and 
probable involvement of synanthropic and domestic animals, 
such as cats, in parasite biological cycle (Dantas‑Torres and 
Brandão‑Filho 2006). The epidemiological role of felines in 
the disease cycle has been raised worldwide (Pennisi et al. 
2013, 2015; Pennisi and Persichetti 2018). In Brazil, felines 
are confirmed as potential parasite reservoir (Silva et al. 
2010; Mendonça et al. 2020), highlighting the importance 
of discussing the spread of FeL in the country.

Feline leishmaniasis (FeL) is an emerging disease caused 
primarily by L. infantum and has been globally reported, 
especially in endemic areas for human and canine leishma‑
niasis (Soares et al. 2015; Pennisi and Persichetti 2018). In 
the old world, leishmaniasis in domestic cats (Felis catus) 
has been mainly reported in Mediterranean countries (Miró 
et al. 2014; Asfaram et al. 2019; Iatta et al. 2019; Urbani 
et al. 2020) and recently shown to be an alarming disease in 
stray cats in Iran (Asgari et al. 2020). In the American con‑
tinent, records of the disease have been increasing in Central 
and South America, especially in Brazil (Soares et al. 2015; 
Asfaram et al. 2019). However, there is still no consensus 
on the role of cats in maintaining Leishmania transmission 
in rural and urban areas.

Global emergence of FeL

Over the past 40 years, approximately 80 cross‑sectional 
studies on the prevalence of FeL around the world have 
shown a worldwide average seroprevalence of 12% (Asfaram 
et al. 2019). At the same time, the number of published 
papers on FeL has increased in endemic areas, mainly in 
Europe and South America, notably in Brazil.

In Europe, most reports of FeL come from southern coun‑
tries including Italy, Spain, Portugal, and Greece (Asfaram 

et al. 2019). Recently, the prevalence of FeL in the Northern 
Italy was shown to be high, with total values ranging from 
8.6 to 12.5% in different localities of a non‑endemic region, 
with the presence of L. infantum confirmed by molecular 
diagnosis (Spada et al. 2020; Urbani et al. 2020). Further‑
more, it was seen that the risk of infection may increase 
depending on the geographical area of the country, as 
observed in cats in the Southern region of Italy where preva‑
lence values were 10.5% among 645 animals evaluated (Iatta 
et al. 2019). In Spain, seroprevalence among stray cats was 
3.2%, with emphasis on coinfections by zoonotic parasites 
such as Toxoplasma gondii and Toxocara cati, as shown in 
a study of 346 animals (Miró et al. 2014). In Greece, FeL 
infections have also been reported, both in the central and 
northern regions, with the prevalence ranging from 3.78 to 
12.3% (Diakou et al. 2009; Giannakopoulos et al. 2017).

In Portugal, seroprevalence for FeL was 3.7% in a study 
of 271 cats in the southern region. This prevalence was con‑
sidered high for the region and the increased contact between 
the infected vector and the cats is believed to be one of the 
reasons for the infection values in this study (Maia et al. 
2015). In the northern region, the prevalence for 316 ani‑
mals was lower (2.8%), with rural area cats showing higher 
positivity than urban area animals (Cardoso et al. 2010). It 
is important to highlight that the prevalence data on FeL is 
characterized by a high variability due to different factors 
such as the diagnostic method used, serological or molecu‑
lar, the geographical area, and the cat population screened 
(Miró et al. 2014; Iatta et al. 2019; 2020).

In the Old World, L. infantum is the most prevalent spe‑
cies in infected cats, but Leishmania tropica and Leishmania 
major have been found in domestic and stray cats in Turkey 
and L. tropica in stray cats in Iran (Paşa et al. 2015; Can 
et al. 2016; Akhtardanesh et al. 2020). Worldwide, FeL is 
not limited to European countries. Several other countries 
have reported FeL cases including Egypt, Iran, Thailand, 
Texas (USA), Venezuela, and Mexico (Asfaram et al. 2019). 
These studies show an increasing number of infected cats 
and demonstrate the importance of more accurate investi‑
gations into the role of cats in the current epidemiology of 
leishmaniasis.

Emergence of FeL in Brazil

In Brazil, one of the first cases of FeL was reported in Belo 
Horizonte, Minas Gerais (Passos et al. 1996), in a domes‑
tic cat that presented lesions in the interdigital region of 
the left hind paw, with numerous amastigotes observed in 
Giemsa staining. Later, through polymerase chain reaction 
(PCR), the authors confirmed the presence of Leishmania 
of the subgenus Viannia, but without identifying the spe‑
cies. However, it was only in the year 2000 that the first 
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autochthonous case of FeL was reported in the state of 
São Paulo, in which L. infantum was identified (Savani 
et al. 2004). Since then, the importance of the cat in the 
epidemiology of the disease has become the target of other 
studies that have reported the presence of the protozoan 
infecting cats in other Brazilian states (Table 1). The prev‑
alence of FeL in Brazil is estimated to be between 7 and 
8% diagnosed via molecular and serological methods, with 
the most common species being Leishmania braziliensis, 
L. infantum, and Leishmania amazonensis (Schubach et al. 
2004; Souza et al. 2005; Figueiredo et al. 2009; Coura 
et al. 2018; Asfaram et al. 2019; Carneiro et al. 2020; 
Costa‑Val et al. 2020).

Regarding the geographical location of these spe‑
cies, it was seen that L. braziliensis was restricted to the 
southeastern region of Brazil, reported both in endemic 
(Schubach et al. 2004) and non‑endemic areas (Figueiredo 
et al. 2009) of the state of Rio de Janeiro and in endemic 
municipalities in the state of Minas Gerais (Costa‑Val 
et al. 2020). L. amazonensis has been reported in cats from 
endemic municipalities in the Midwest, Mato Grosso do 
Sul state (Souza et al. 2005), and in the North, Pará state 
(Carneiro et al. 2020). L. infantum, on the other hand, has 
been reported in 12 of the 27 states of Brazil, with a lesser 
number in regions not endemic for VL (Savani et al. 2004; 
Braga et al. 2014b; Benassi et al. 2017; Pedrassani et al. 
2019), and mostly in endemic regions (Fig. 1) (Silva et al. 
2008; Coelho et al. 2010; Coelho et al. 2011a; Vides et al. 
2011; Sobrinho et al. 2012; Morais et al. 2013; Silva et al. 
2014; Sousa et al. 2014; Metzdorf et al. 2017; Coura et al. 
2018; Marcondes et al. 2018; Rocha et al. 2019; Costa‑Val 
et al. 2020; Berenguer et al. 2020; Silva et al. 2020).

The first report of L. infantum infection transmitted by 
L. longipalpis in a naturally infected cat was reported in 
2010 (Silva et al. 2010). In this study, through xenodi‑
agnosis, promastigotes were visualized in the midgut of 
the vector, demonstrating its ability to be infected by L. 
infantum from clinically affected cats during hematophagy. 
Mendonça et al. (2020) confirmed that cats are capable 
of infecting L. longipalpis. In this study, eight animals 
with L. infantum present in the bone marrow and skin 
were able to infect the vector, and all animals were clini‑
cally affected. To verify the possibility of transmission of 
L. infantum from a clinically affected domestic cat to a 
healthy domestic dog via the invertebrate vector, a recent 
study reaffirmed the competence of this transmission route 
and demonstrated that the dog develops the clinical signs 
of canine VL such as lymph node enlargement, general‑
ized alopecia, lesions on the ears and face, and weight 
loss (Batista et al. 2020). These reports not only highlight 
the possibility of transmission of the disease from cats to 
dogs, but also draw attention to the possible transmission 
from cats to humans.

FeL pathogenesis and clinical signs

The mechanism of feline immune function against Leish-
mania is not yet fully elucidated and much of what is 
known derives from studies in humans and dogs. Cats, 
compared to dogs, are known to possess a certain degree 
of resistance to Leishmania, resulting in a lower preva‑
lence of infection or development and manifestation of 
characteristic clinical signs of leishmaniasis in these ani‑
mals (Solano‑Gallego et al. 2007; Akhtardanesh et al. 
2018). The development of the disease is influenced by 
the genetic profile of the host, which explains the differ‑
ence in the immune response in dogs and cats (Day 2016).

Since the sand fly saliva has immunomodulatory proper‑
ties, after the inoculation of the promastigote forms during 
hematophagy in the vertebrate host, there is a reduction in 
the participation of macrophages, which are responsible for 
inducing pro‑inflammatory cytokines such as gamma inter‑
feron (IFN‑y) and interleukin 2 (IL‑2), and the targeting of 
cellular immunity via T helper 2 (Th2), resulting in infection 
tolerance (Tomiotto‑Pellissier et al. 2018). It is believed that 
in dogs, the predominant Th2 immune response is one of the 
factors that determine susceptibility to pathogens (Day 2016; 
Solano‑Gallego et al. 2016).

In this respect, it was recently observed that cats infected 
with L. infantum, in leishmaniasis endemic areas of Italy 
and Spain, produced specific IFN‑y in response to the para‑
sites. Both clinically affected and apparently healthy felines 
could stimulate cell‑mediated immunity, although clinically 
affected cats show higher production of pro‑inflammatory 
cytokines (Priolo et al. 2019). As far as the antibody‑medi‑
ated response is concerned, it does not seem to act in a pro‑
tective manner in cats. In a follow‑up study of 13 female 
animals for 72 weeks in Brazil (Simões‑Mattos et al. 2005), 
it was seen that immunoglobulin G (IgG) production was 
detected from the second week post‑infection (p.i.) in only 
23% of the cats, and the antibody concentration remained 
low until the 12th week p.i. when seroconversion became 
evident in 50% of the cats. In addition, in the same study, 
the peak of antibody production occurred only at the 26th 
week p.i. with all animals showing positive serology. Even 
then, only a small correlation between the decrease in nos‑
tril lesions and IgG increase was observed. Self‑healing 
occurred in the subsequent months.

While the presence of antibodies against Leishmania 
in felines demonstrates that these animals can be infected 
by these protozoa (Bezerra et al. 2019), the absence of 
anti‑Leishmania antibody titers in cats experimentally 
infected has also been reported (Akhtardanesh et al. 2018). 
Low antibody titers in cats with a positive parasitological 
diagnosis indicate that cats may not develop an intense 
humoral immune response (Sobrinho et al. 2012).
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Table 1  Studies from Brazil reporting Leishmania infection in felines (1996–2020)

‑ tests not performed, IFAT immunofluorescent antibody test, ELISA enzyme‑linked immunosorbent assay, PCR polymerase chain reaction, MG 
Minas Gerais, MA Maranhão, MS Mato Grosso do Sul, MT Mato Grosso, PA Pará, PB Paraíba, PE Pernambuco, PR Paraná, SC Santa Catarina, 
SP São Paulo, RJ Rio de Janeiro, RN Rio Grande do Norte
* L. chagasi in the original articles
a Cytological, histological or microscopic diagnosis
b Based on quantitative PCR or PCR–RFLP
c Method used for species identification (In some studies, performed only with part of the study sample)

Authors/year State Sample size Leishmania species Positivity (%)

IFAT ELISA PCR Parasitologicala

Passos et al. (1996) MG 1 Leishmania sp. ‑ ‑ 100 ‑
Savani et al. (2004) SP 1 L. infantum 100 ‑ 100c 0
Schubach et al. (2004) RJ 2 L. braziliensis ‑ ‑ ‑ 100
Souza et al. (2005) MS 1 L. amazonensis 100 ‑ ‑ 100
Silva et al. (2008) RJ 8 L. infantum 25 ‑ 25.0 ‑
Figueiredo et al. (2009) RJ 43 L. braziliensis 0 2.4 ‑ ‑
Dahroug et al. (2010) MT 16 L. infantum* ‑ ‑ 37.5b ‑
Coelho et al. (2010) SP 1 L. infantum* 0 100 100c 100
Bresciani et al. (2010) SP 283 Leishmania sp. 0 ‑ ‑ 0.7
Silva et al. (2010) MG 1 L. infantum 100 ‑ 100c ‑
Dahroug et al. (2011) MT 1 L. infantum* ‑ ‑ 100b ‑
Coelho et al. (2011a) SP 52 L. infantum* ‑ ‑ 3.8 3.8
Coelho et al. (2011b) SP 70 Leishmania sp. 0 4.2 ‑ ‑
Vides et al. (2011) SP 55 L. infantum* 10.9 25.4 100bc 18.2
Neto et al. (2011) SP 113 Leishmania sp. ‑ 11.5 ‑ ‑
Sobrinho et al. (2012) SP 302 L. infantum 4.6 12.9 100bc 9.9
Morais et al. (2013) PE 5 L. infantum ‑ ‑ 80.0b ‑
Cardia et al. (2013) SP 386 Leishmania sp. 0.5 ‑ ‑ ‑
Silva et al. (2014) PE 153 L. infantum ‑ 3.9 ‑ ‑
Braga et al. (2014a) MS 50 Leishmania sp. 4.0 ‑ ‑ ‑
Braga et al. (2014b) SP; MS 50 Leishmania sp. 30.0 ‑ 0 4.0
Sousa et al. (2014) MS 151 L. infantum 6.6 ‑ ‑ ‑
Oliveira et al. (2015a) PA 443 Leishmania sp. 4.0 ‑ ‑ ‑
Oliveira et al. (2015b) SP 52 Leishmania sp. ‑ ‑ 13.5 ‑
Metzdorf et al. (2017) MS 100 L. infantum ‑ ‑ 6.0b 4.0
Benassi et al. (2017) SP 108 L. infantum ‑ ‑ 1.8b ‑
Matos et al. (2018) PR 679 Leishmania sp. 15.8 43.4 ‑ ‑
Coura et al. (2018) MG 100 L. infantum 54.0 ‑ 0c 0
Madruga et al. (2018) MT 1 L. infantum ‑ ‑ 100c 100
Marcondes et al. (2018) SP 90 L. infantum ‑ ‑ 55.5 14.0
Headley et al. (2019) MT 2 Leishmania sp. ‑ ‑ ‑ 100
Pedrassani et al. (2019) SC 30 L. infantum 6.6 ‑ 0 ‑
Rocha et al. (2019) MA 105 L. infantum 30.4 ‑ 5.7 ‑
Bezerra et al. (2019) RN 91 Leishmania sp. 15.3 ‑ 0 ‑
Tolentino et al. (2019) MG 12 Leishmania sp. ‑ 33.3 ‑ ‑
Carneiro et al. (2020) PA 1 L. amazonensis ‑ ‑ 100bc 100
Silva et al. (2020) PB 2 L. infantum ‑ 100 100 100
Costa‑Val et al. (2020) MG 64 L. infantum

L. braziliensis
‑ 29.8 12.5 ‑

Berenguer et al. (2020) PE 128 L. infantum ‑ ‑ 0.7 0.7
Leonel et al. (2020) SP 94 Leishmania sp. 29.7 31.9 0 ‑

24 Parasitology Research (2022) 121:21–34



1 3

Fig. 1  Distribution of the number of studies on feline leishmaniasis 
conducted in the world (A) and Brazil (B) (1996–2020). MG, Minas 
Gerais; MA, Maranhão; MS, Mato Grosso do Sul; MT, Mato Grosso; 

PA, Pará; PB, Paraíba; PE, Pernambuco; PR, Paraná; SC, Santa Cata‑
rina; SP, São Paulo; RJ, Rio de Janeiro; RN, Rio Grande do Norte
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In dogs with severe clinical signs and infected with L. 
donovani, low IFN‑y production was observed, and despite 
having higher antibody titers, these animals demonstrated 
high parasitemia (Solano‑Gallego et al. 2016). Recently, 
using the PCR technique, it was observed that the mean 
Leishmania parasite load in cats, unlike dogs, is significantly 
lower in the positive blood samples. This could be associ‑
ated, in part, with the decreased antibody titers in these cats, 
possibly due to the prevalence of the Th1 immune response 
profile (Priolo et al. 2019; Baneth et al. 2020).

Coinfection with other parasites has been reported signifi‑
cantly in some studies. Cats with L. infantum in leishmania‑
sis endemic areas have coinfections with Toxoplasma gondii, 
feline coronavirus, and especially with feline immunodefi‑
ciency virus (FIV) and feline leukemia virus (FeLV), which 
could partly explain the success of Leishmania infection 
in these animals (Sobrinho et al. 2012; Spada et al. 2016; 
Iatta et al. 2019). Retroviruses such as FIV and FeLV have 
a large impact on domestic cat health worldwide. Due to 
the suppressive effects on the immune system of these ani‑
mals caused by FIV and FeLV, there is an increased risk 
of opportunistic infections such as vector‑borne diseases 
(VBDs) (Hartmann 2012). As seen in a recent study in Iran, 
FIV‑ and FeLV‑infected cats have a higher risk of testing 
positive for L. infantum (Akhtardanesh et al. 2020). How‑
ever, further studies on the presence of coinfections with 
FIV and FeLV need to be performed to present more con‑
sistent information on the role of leishmaniasis in this type 
of coinfection (Bezerra et al. 2019). In this regard, there is 
research showing that although FIV coinfection is frequently 
reported, there is no association between the presence of 
FIV and or FeLV with Leishmania infection in cats, mak‑
ing the association between retroviral infections and FeL 
uncertain (Sousa et al. 2014; Miró et al. 2014; Poffo et al. 
2017; Marcondes et al. 2018; Bezerra et al. 2019; Baneth 
et al. 2020). Also, VBDs may become even more frequent 
in cats living in geographically confined environments. For 
example, island‑dwelling cats in Italy were reported to have 
an increased incidence of L. infantum infection after a season 
of exposure to sand flies (Otranto et al. 2017). Less com‑
mon coinfections in cats with L. infantum have also been 
reported in Brazil, such as the presence of Mycoplasma spp. 
and Neospora caninum (Sousa et al. 2014; Marcondes et al. 
2018). Although there has been an increase in research with 
FeL in the recent years, including in Brazil, data on coinfec‑
tion is still scarce (Marcondes et al. 2018).

Regarding the age of the animals, it is believed that adult 
cats are more likely to be infected by protozoa than young 
cats. Toxoplasma infections, for example, were significantly 
higher in cats older than one year (Cardia et al. 2013). To 
date, no Leishmania infections have been reported in young 
cats; however, further investigations are needed about 
genetic differences among cats to elucidate mechanisms of 

susceptibility, as well as to clarify the higher prevalence in 
adult animals (Pennisi and Persichetti 2018).

Although there are positive L. infantum cats without 
apparent clinical manifestations (Figueiredo et al. 2009; 
Morais et al. 2013; Braga et al. 2014a; Oliveira et al. 2015b; 
Coura et al. 2018; Pedrassani et al. 2019), in recent years, 
case reports have recorded the main pathological clinical 
signs associated with the manifestation of FeL (Brianti et al. 
2019). The most common clinical signs are skin lesions, 
which are usually the only signs available for physical exam‑
ination, showing mainly ulcerative dermatitis, eventually 
crusted; nodular or scaly dermatitis, especially in the head 
and neck region; followed by alopecia, thinning coat and lac‑
erations (Pennisi et al. 2013). Skin lesions accompanied by 
lymph node enlargement have been described in more than 
half of clinical cases. The dermatological lesions can be sin‑
gle or multiple and are usually located in the cephalic region, 
the pinna, and the tip of the nose, in addition to generalized 
involvement, especially in the legs (Vides et al. 2011; Pen‑
nisi et al. 2013; 2015; Pennisi and Persichetti 2018; Rivas 
et al. 2018; Rocha et al. 2019; Fernandez‑Gallego et al. 
2020).

Eye diseases, especially uveitis, nodular blepharitis, and 
panophthalmitis, may also be present, which is usually the 
reason for consulting the veterinarian (Pennisi et al. 2013). 
Similarly, corneal edema or perforation, ulcerative or non‑
ulcerative keratitis with intense neovascularization, and 
conjunctivitis have been described. Cases with exclusively 
ocular manifestations and the presence of pseudotumors in 
the iris have also been recently reported both in Brazil and 
in Europe (Madruga et al. 2018; Fernandez‑Gallego et al. 
2020).

In addition, there are several non‑specific signs that can 
appear in infected cats, such as weight loss, anorexia, dehy‑
dration, and decreased appetite. Visceral and sporadic signs 
are also present, including membrane paleness, cachexia, 
fever, diarrhea, hepatomegaly, splenomegaly, enlarged 
lymph nodes, vomiting, dyspnea, hypothermia, kidney 
disease, and even abortion. Among the laboratory abnor‑
malities, hyperglobulinemia, hypoalbuminemia, proteinuria, 
renal azotemia, and leukopenia may be present (Chatzis et al. 
2014; Pennisi et al. 2015; Pennisi and Persichetti 2018). All 
these signs have also been reported in dogs, and they can be 
general or localized, symmetric or asymmetric, with diffuse 
or focal distribution, and also coexist with mucocutaneous 
lesions (Pennisi et al. 2015).

Diagnostic methods for FeL

For the diagnosis of an infected animal, several techniques 
can be employed, with the methodologies applied in dogs 
generally also being used in cats (Fig.  2). Leishmania 

26 Parasitology Research (2022) 121:21–34



1 3

amastigotes infecting mainly macrophages, and sporadi‑
cally neutrophils, of the host can be found in various tissues 
such as lymph nodes, bone marrow, peripheral blood, skin, 
mucous membranes, and the eyes (Schubach et al. 2004; 
Souza et al. 2005; Bresciani et al. 2010; Coelho et al. 2010, 
2011a; Vides et al. 2011; Sobrinho et al. 2012; Metzdorf 
et al. 2017; Madruga et al. 2018; Marcondes et al. 2018; 
Carneiro et al. 2020). Usually, the diagnosis begins with 
an anamnesis, regarding the geographical area where the 
animal lives, the risk of exposure to sand flies, use of repel‑
lents, etc. This follows a clinical and biochemical evaluation, 
analyzing the characteristic clinical signs of leishmaniasis as 
well as potential variations in the blood count, which provide 
support for more specific investigations. Main laboratory 
diagnostic methods include parasitological analysis, fol‑
lowed by serological and molecular methods, notably PCR 
(Soares et al. 2015; Pennisi et al. 2013, 2015; Brianti et al. 
2017) (Fig. 2).

Direct observation of the parasite is done through parasi‑
tological diagnosis (Soares et al. 2015). Cytological prepa‑
rations of the spleen, liver, bone marrow, and lymph nodes 
(organs classically affected by the amastigote forms), usually 
stained with Giemsa, are most frequently used (Savani et al. 

2004; Coelho et al. 2011a). The presence of amastigotes in 
lymphoid tissues is probably associated with clinical‑patho‑
logical conditions in felines, which highlight the importance 
of investigating these tissues to increase the sensitivity of 
parasitological diagnosis (Bresciani et al. 2010; Coelho et al. 
2010, 2011a; Vides et al. 2011; Sobrinho et al. 2012; Mar‑
condes et al. 2018).

In clinically affected cats, it has been observed that among 
the lymphoid organs, the lymph nodes and bone marrow pro‑
vide a more sensitive diagnosis compared to the spleen and 
liver. However, there is still no consensus on which organ 
is the best for cytological diagnosis (Coura et al. 2018). In 
cats with dermatologic lesions, the sensitivity of cytology 
tests may be enhanced (Sobrinho et al., 2012). In addition, 
cytology is recommended in symptomatic cases because it 
is a technique with relatively simple implementation and fast 
results, and should, therefore, be part of the set of methods 
used by veterinarians during examinations for FeL, espe‑
cially in cats previously diagnosed with a negative result but 
with clinical signs (Vides et al. 2011; Metzdorf et al. 2017).

Cytology is the most commonly used diagnostic method 
for skin lesions, but when amastigotes are not visualized 
by this technique, histological, immunohistochemical, or 

Fig. 2  Feline leishmaniasis diagnostic methodologies. IFAT, immunofluorescent antibody test; ELISA, enzyme‑linked immunosorbent assay; 
DAT, direct agglutination test; PCR, polymerase chain reaction; qPCR, quantitative PCR
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PCR‑based diagnostics of the lesion samples are usually 
used (Abramo et al. 2021). Lesion fragments are cultured 
in Novy‑MacNeal‑Nicolle (NNN) medium in search of pro‑
mastigotes (Schubach et al. 2004; Souza et al. 2005; Simões‑
Mattos et al. 2005). However, diagnosis by culture is slow to 
produce results and presents low sensitivity, even in endemic 
areas, which is a disadvantage when using this technique 
(Soares et al. 2015; Coura et al. 2018). Biopsy fragments 
taken from skin lesions can have amastigotes detected by 
histology (Abramo et al. 2021), and the tissue can also be 
homogenized and inoculated into hamsters to analyze the 
development of lesions in these animals and reinforce the 
diagnosis result, as recently demonstrated in the first report 
of L. amazonensis in a cat in the Amazon region of Brazil 
(Carneiro et al. 2020). Finally, immunohistochemistry can 
be used to increase the possibility of finding parasites when 
they are in low numbers in tissues. Due to its high sensi‑
tivity, this test can be used as a complementary method to 
increase the sensitivity of the diagnostic result (Vides et al. 
2011; Headley et al. 2019).

Serological methods are the most used diagnostic meth‑
ods worldwide for the diagnosis of Leishmania infection. 
Among these techniques, immunofluorescent antibody test 
(IFAT) and enzyme‑linked immunosorbent assay (ELISA) 
are the preferred options (Pennisi and Persichetti 2018; 
Asfaram et al. 2019). In Brazil, IFAT followed by ELISA 
are the techniques most frequently used for diagnosis of 
both dogs and cats (Trevisan et al. 2015). Although Western 
Blot (WB), generally used in academic surveys, has demon‑
strated better sensitivity and specificity compared to IFAT 
and ELISA (Persichetti et al. 2017), a recent study showed 
that the WB has a low agreement when compared to the 
results of these two serological tests, as well as compared to 
molecular diagnosis (Alcover et al. 2021).

IFAT has shown to be the most sensitive methodology 
for identifying subclinical or early infections in felines 
and has revealed a relatively high prevalence in endemic 
areas of Brazil (Silva et al. 2008; Persichetti et al. 2017). 
An important issue to be defined in this methodology is the 
choice of the optimal cutoff point. The cutoff at the 1:80 
dilution, like that used in dogs, is believed to have the best 
sensitivity in cats (Pennisi et al. 2015; Pennisi and Persi‑
chetti 2018). However, in Brazil, most published studies 
have used values equal to or above 1:40, ranging from low 
(Silva et al. 2008, 2010; Cardia et al. 2013) to high sero‑
logical prevalence, as seen in studies using data from the 
states of Mato Grosso, Pará, and São Paulo (Braga et al. 
2014a; Oliveira et al. 2015a; Leonel et al. 2020). Some stud‑
ies reported up to 54% positivity for this titration, as seen in 
a study from the state of Minas Gerais (Coura et al. 2018). 
On the other hand, some studies have not shown positive 
results with these dilutions, even in endemic areas (Figue‑
iredo et al. 2009; Bresciani et al. 2010; Coelho et al. 2010; 

2011b; Vides et al. 2011; Sobrinho et al. 2012). In the study 
from Araçatuba (state of São Paulo, Brazil), the 1:40 cut‑
off showed higher sensitivity compared to the 1:80 dilution, 
with 5/55 and 1/55 cats diagnosed with leishmaniasis in the 
above dilutions respectively (Vides et al. 2011). In a study 
from São Luís (state of Maranhão, Brazil), however, the 1:80 
dilution proved to be more sensitive (15/105 positive), com‑
pared to 4/105 seropositive in the 1:40 dilution. The total 
seroprevalence reported in this study was 30.48% (Rocha 
et al. 2019). Thus, there is still no consensus on the best 
cutoff for diagnosing FeL by IFAT. For dogs, the Brazilian 
Ministry of Health considers as seroreagent samples that 
have antibody dilution titers equal to or greater than the 1:40 
dilution (cutoff) (Brasil 2014). The lack of standardization, 
associated with low antibody titers, could explain, in part, 
the discrepancy in the positivity of this technique compared 
to other serological methods such as ELISA utilized in the 
country (Coelho et al. 2011b).

The ELISA technique has been widely used for the detec‑
tion of anti‑Leishmania antibodies that may represent an 
infection or a history of exposure to the parasite in Bra‑
zil (Trevisan et al. 2015). This methodology demonstrates 
greater sensitivity in clinically affected felines (Persichetti 
et al. 2017). In several studies around the country a higher 
seroprevalence of FeL was found by ELISA when com‑
pared to IFAT (Figueiredo et al. 2009; Coelho et al. 2011b; 
Vides et al. 2011; Sobrinho et al. 2012; Matos et al. 2018). 
Although FeL seroprevalence in Brazil is relatively low, 
some studies have shown high positive results in endemic 
areas of the country, as seen in Londrina, Paraná state, Bra‑
zil, recording a seroprevalence of 43.4% (295/679) (Matos 
et al. 2018) and in Ilha Solteira, São Paulo state, Brazil 
showing a seroprevalence of 31.91% (30/94) (Leonel et al. 
2020). Even so, the seroprevalence measured by ELISA 
diagnosis may be influenced by methodological variation 
and the antigen used in the test (Neto et al. 2011). Therefore, 
it is recommended to use ELISA in combination with other 
techniques to increase the sensitivity of the diagnoses (Silva 
et al. 2014).

It is important to note that in case of the whole para‑
site being used as an antigen in areas endemic for other 
parasites (like Trypanosoma spp.), the possibility of false 
positive result should be considered (Sobrinho et al. 2012; 
Braga et al. 2014b; Iatta et al. 2020). Since Leishmania spp. 
are phylogenetically very close to other trypanosomatids, 
employing only serological diagnostics is not recommended 
(Braga et al. 2014b). Cross‑reactions between Leishmania 
spp. and Trypanosoma cruzi have already been reported in 
cats from an endemic area (Pará state, Northern region) for 
CL in Brazil (Matos et al. 2018).

Few reports using recombinant antigens for FeL diagno‑
sis have been published to date. Two of the limited number 
of studies used the antigens k39 and rKDDR (recombinant 
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kinesin degenerated derived repeat), with both ELISA and 
rapid immunochromatography tests. These antigens offer the 
possibility of increased binding specificity with Leishmania‑
specific antibodies, although there is still the possibility of 
cross‑reaction with members of the Trypanosomatidae (Neto 
et al. 2011; Tolentino et al. 2019).

Since peak antibody production is not reached during 
Leishmania infection in cats until around the 26th week, 
serology may not be a good marker for the diagnosis of 
Leishmania infection (Simões‑Mattos et al. 2005). There‑
fore, this factor, combined with differences in the natural 
genetic background of these animals, may induce false‑neg‑
ative results during serology, requiring confirmation with 
another more sensitive and specific technique for FeL, such 
as molecular methods (Silva et al. 2008; Pennisi et al. 2015; 
Day 2016; Persichetti et al. 2017). Few broad seroepidemio‑
logical surveys have been conducted in endemic areas of 
Brazil, and most cases are diagnosed only when cats show 
clinical signs or during vaccination programs. This leads to a 
delay in correct diagnosis and favors the spread of infection 
in these regions (Silva et al. 2008).

There are several types of molecular tests for the detec‑
tion of Leishmania in humans and animals. Among the 
molecular methods, conventional PCR (cPCR) is the most 
widely used, acting as a confirmatory diagnosis for FeL 
(Pennisi and Persichetti 2018). In Brazil, there are varia‑
tions in molecular results depending on the type of tissue 
used for analysis. In this regard, some studies report negative 
PCR results in blood tissue even in animals with confirmed 
antibody presence by one or more serological tests (Braga 
et al. 2014b; Bezerra et al. 2019; Leonel et al. 2020), while 
others have shown higher PCR positivity with bone mar‑
row compared to blood (Marcondes et al. 2018). However, 
negative PCR results for Leishmania DNA have also been 
seen in investigations using bone marrow samples (Coura 
et al. 2018). According to Oliveira et al. (2015b), PCR with 
samples from the ocular conjunctiva can detect felines posi‑
tive for Leishmania, also being a less invasive and stressful 
alternative.

Some studies use molecular analyses only to discriminate 
parasite species after a positive serological or parasitological 
test result, using cPCR (Coelho et al. 2010, 2011a; Oliveira 
et al. 2015b; Madruga et al. 2018; Marcondes et al. 2018; Rocha 
et al. 2019; Costa‑Val et al. 2020), qPCR (Vides et al. 2011; 
Sobrinho et al. 2012; Benassi et al. 2017) and less frequently 
PCR–RFLP (PCR‑restriction fragment length polymorphism) 
(Dahroug et al. 2010; Metzdorf et al. 2017). In Brazil, the most 
prevalent species diagnosed by molecular methods both domes‑
tic and wild cats is L. infantum (Coelho et al. 2010; Dahroug 
et al. 2010; Vides et al. 2011; Sobrinho et al. 2012; Metzdorf 
et al. 2017). PCR has also allowed the identification of other 
Leishmania spp. in cats in the country, such as L. braziliensis 
and more recently L. amazonensis, species related to cutaneous 

leishmaniasis in humans (Schubach et al. 2004; Simões‑Mattos 
et al. 2005; Carneiro et al. 2020). Thus, in Brazil, cats infected 
with at least three of the five Leishmania spp., found in felines 
around the world, have been identified by molecular methods 
(Asfaram et al. 2019).

By using small amounts of biological material and distin‑
guishing polymorphic differences in genetic material, differ‑
ent PCR‑based techniques have been developed and employed 
for detection and identification of Leishmania (Veasey et al. 
2020). Several genes are used as target sequences for Leish-
mania‑specific identification, such as the glucose‑6‑phosphate 
dehydrogenase enzyme gene (g6pd), ribosomal DNA (rDNA) 
and especially kinetoplast DNA (kDNA) (Reimão et al. 2020; 
Veasey et al. 2020). In blood samples from dogs, it is well 
established that kDNA has better sensitivity compared to 
nuclear DNA and, for this reason, has been widely used for 
the detection of parasite DNA in these animals (Lachaud et al. 
2002). kDNA has also been widely used as a target for diag‑
nosis and species identification for cats in Brazil (Silva et al. 
2008; Coelho et al. 2011a; Morais et al. 2013; Metzdorf et al. 
2017; Benassi et al. 2017; Coura et al. 2018; Pedrassani et al. 
2019; Costa‑Val et al. 2020). However, it is necessary to pay 
attention to the selection of the best primers for a better per‑
formance of molecular diagnosis (Lachaud et al. 2002; Spada 
et al. 2020).

Infections by different Leishmania spp. in humans are 
known to result in different clinical signs, with L. infantum 
being associated with VL and L. braziliensis and L. amazon-
ensis mainly related to cutaneous leishmaniasis (Burza et al. 
2018). Although in cats the immune response pattern may 
interfere with the clinical signs of the disease (Day 2016), the 
response pattern to different Leishmania spp. seen in humans 
also appears to occur in felines in Brazil. Cats naturally 
infected with L. amazonensis and L. braziliensis exhibited 
nodular lesions of different sizes mainly on the face, notably 
on the ears (Carneiro et al. 2020; Schubach et al. 2004), fol‑
lowed by the nose and the digital regions of the paws (Souza 
et al. 2005). In another study from Brazil, in cats experimen‑
tally infected with L. braziliensis, no amastigotes in the bone 
marrow or visceral signs were observed. Dermatological signs 
such as nodules and papules on the ears and the nose were 
cured in 32 and 40 week p.i., respectively, and all animals 
produced antibodies against the parasite (Simões‑Mattos et al. 
2005). However, it is impossible to characterize the species of 
Leishmania using only the dermatological signs manifested 
in clinically affected animals, but they can be used together 
with other diagnostic tools for differential diagnosis for FeL 
in endemic areas.

Recently, using molecular and phylogenetic analyses, a 
study from Portugal showed the presence of the same L. 
infantum strain found in cats also isolated from humans, 
dogs, and sand flies (Pereira et al. 2020). Similarly, a recent 
study in Teresina, Piauí state, Brazil, showed that nucleotide 
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sequences found in L. infantum from a clinically affected cat 
displayed 100% identity to sequences of L. infantum found in 
dogs and 98% similarity to sequences of L. infantum found 
in humans (Batista et al. 2020). This data further supports 
the argument that cats play an important role in the epide‑
miology of VL.

Conclusions

Studies on FeL in Brazil reveal widespread infections, but 
these numbers may be underestimated due to scarce data 
from other macroregions of the country. Many questions 
still need to be answered for a better understanding of FeL 
dynamics and its relationship to canine and human VL. 
Therefore, the tracking and identification of infections in 
cats (at the level of species) using the most effective epide‑
miological and diagnostic methods are extremely important 
for a better understanding of their the role in disease and 
transmission cycle in Brazil, especially in localities that are 
historically endemic for human and canine leishmaniasis but 
have few or no recorded cases of FeL.
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