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A B S T R A C T

Feline leishmaniasis (FeL) is an emerging infectious disease of cats caused by Leishmania infantum with global
distribution. This study investigated the cause of chronic progressive cutaneous lesions in two cats from Central-
west Brazil by using cytological, histopathologic, and immunohistochemical (IHC) analyses. Clinically, both cats
had ulcerative cutaneous lesions at the nasal planum and ear resulting in a tentative diagnosis of squamous cell
carcinoma (SCC). Moreover, both cats had varying degrees of onychogryphosis. However, cytology revealed
chronic inflammatory reactions associated with intralesional amastigotes; histopathology confirmed chronic
ulcerative dermatitis associated with intralesional and intracytoplasmic parasitic organisms consistent with
amastigotes of Leishmania spp. within histiocytes. The IHC assay demonstrated that the intralesional parasitic
structures identified by cytology and histopathology were immunoreactive to antigens of Leishmania spp.,
confirming the participation of this infectious disease agent in the development of the cutaneous lesions of these
cats. The observation of onychogryphosis must be highlighted, since this lesion is frequently observed in dogs
with visceral leishmaniasis but is underreported in FeL. Collectively, the pathologic and IHC findings of the
chronic cutaneous disease confirmed active infections due to Leishmania spp. in these cats. Additionally, FeL with
associated lesions to the ear and nasal planum must be considered as differential diagnosis for SCC in cats.

1. Introduction

Feline leishmaniasis (FeL) is an emerging infectious disease of cats
caused by Leishmania infantum, also known as L. chagasi (Pennisi and
Persichetti, 2018; Soares et al., 2016) with global distribution (Soares
et al., 2016), while cases have also been associated with other species
including L. (Viannia) brasiliensis (Schubach et al., 2004), L. amazonensis
(Souza et al., 2009), and L. mexicana (Minard et al., 2017; Trainor et al.,
2010). Serological surveys done worldwide have determined that the
prevalence of FeL varies from 4.2% in São Paulo, Brazil (Coelho et al.,
2011) to 60% in Southern Spain (Martín-Sánchez et al., 2007). Al-
though the possibility of cats being reservoirs for Leishmania spp. exists
(Maia and Campino, 2011; Pennisi, 2015; Soares et al., 2016), this
hypothesis remains controversial (Maia and Campino, 2011), but is

gaining force worldwide due to the frequent reports of FeL from en-
demic regions (Pennisi, 2015), and a combination of factors that fa-
vours this animal as a potential reservoir host (Soares et al., 2016).

Most studies that have evaluated the occurrence of FeL worldwide
used serological investigations (Almeida et al., 2012; Braga et al., 2014;
Cardia et al., 2013; Coelho et al., 2010, 2011). Additional diagnostic
methods included molecular characterization (Dahroug et al., 2011;
Metzdorf et al., 2017), immunofluorescence assays (Souza et al., 2005),
histopathology combined with immunohistochemistry, IHC (Navarro
et al., 2010), and a combination of several diagnostic methods (Freitas
et al., 2012; Vides et al., 2011). Serological studies are effective in
confirming that the animal had contact with the infectious disease
agent but does not necessarily imply that the animal is actively infected
and thus clinically compromised. Alternatively, molecular
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identification alone confirms infection and exposure to the disease
agent (Maia et al., 2010), but does not necessarily confirm that the
animal has a clinical disease. Therefore, molecular identification to
confirm disease should be associated with histopathologic identification
of typical findings in the affected animal, thereby confirming an active
infection, since the results of molecular testing does not necessarily
correlate with infection (Di Mattia et al., 2018).

Accordingly, we have developed an IHC assay for the identification
of Leishmania amastigotes in formalin-fixed paraffin-embedded (FFPE)
tissue sections of dogs by using an hyperimmune serum derived from
naturally infected dogs (Tafuri et al., 2004). The efficiency of this
method was then confirmed and ratified (Amorim et al., 2011). Histo-
pathology associated with the IHC identification of intralesional Leish-
mania amastigotes efficiently characterizes the animal as being actively
infected; thereby, correlating with the pathogenesis of infection (Di
Mattia et al., 2018). This report presents the pathologic and IHC find-
ings associated with active manifestations of FeL in cats from Mato
Grosso, Central-west, Brazil.

2. Material and methods

2.1. Study location, animals, and clinical history

Two female, short hair domestic cats were seen at the Veterinary
Teaching Hospital, Universidade de Cuiabá, Mato Grosso, Central-west
Brazil due to multiple progressive cutaneous lesions. Both cats origi-
nated from the urban region of Cuiabá. This city has a moderate po-
pulation (22.1%; 95/430) of dogs that are serologically reactive to
Leishmania spp. (Almeida et al., 2012), and is located in the State of
Mato Grosso where the number of cases of human visceral leishma-
niosis (VL) has increased drastically between 2001 and 2014 (Reis
et al., 2017). Cat #1 was 2 years of age, while cat #2 was 4 years of age.
Both cats had reported histories of chronic (3–4months), progressive
unresolved dermatological disease and were clinically examined.

Based on the anatomical location of the lesions a presumptive di-
agnosis of squamous cell carcinoma (SCC) was established; samples
from the ear and nasal planum were collected to confirm this hypoth-
esis using a combination of cytological, histopathologic, and IHC di-
agnostic methods.

2.2. Cytologic, histopathologic, and immunohistochemistry analyses

Fine needle aspiration cytology (FNAC) was done on all cutaneous
masses; imprints were obtained on all ulcerative lesions and submitted
for cytological evaluation. The cutaneous masses at the nostrils and ears
were surgically incised and submitted for routine histopathologic eva-
luation with the Haematoxylin and Eosin (H&E) stain.

Additionally, selected FFPE tissue sections of the auricular and nasal
masses were submitted for the IHC detection of amastigotes of
Leishmania spp. by using a hyperimmune serum derived from an ex-
perimentally infected dog, as the primary antibody (Tafuri et al., 2004).
Positive controls consisted of FFPE tissue sections known to contain
Leishmania spp. amastigotes from previous studies (Amorim et al., 2011;
Tafuri et al., 2004); for negative controls the primary antibody was
substituted by phosphate buffered saline. Positive and negative controls
were included in each IHC assay.

3. Results

3.1. Clinical evaluation and gross findings

The clinical evaluation revealed that both cats had multiple cuta-
neous lesions, were dyspnoeic due to severe nasal ulcerations, febrile
(39.8 °C), and tachypnoeic. Cat #1 had an erosive lesion at the nasal
planum, a cutaneous nodule at the right ear, and erosive and er-
ythematous masses at the extremities of the fore- and hindlimbs

(Fig. 1A–B). Cat #2 had severe ulcerative lesions at the right ear and the
nasal planum. Moreover, both cats had varying degrees of onycho-
gryphosis and crusting lesions at the interdigital spaces of all members;
other cutaneous lesions were not observed in both animals.

3.2. Cytologic, histopathologic, and immunohistochemical findings

Analysis of FNAC and cytologic imprints revealed chronic in-
flammatory reactions due to the severe accumulations of macrophages
associated with intracytoplasmic accumulations of amastigotes within
macrophages.

The histopathologic evaluation of all tissues from both cats was si-
milar with mild differences between anatomical locations evaluated
and consisted of chronic, severe, ulcerative dermatitis associated with
intralesional parasitic structures consistent with Leishmania amastigotes
(Navarro et al., 2010; Pennisi et al., 2015). However, the parasitic in-
fection was more intense in the tissues of cat # 1. These structures were
rounded to oval and were predominantly intracytoplasmic within his-
tiocytes (Fig. 1C–D). By IHC, there was widespread positive im-
munoreactivity to all parasitic structures identified as Leishmania spp.
amastigotes by H&E in tissues from both cats (Fig. 1G–H); amastigotes
were intracytoplasmic within infected macrophages.

4. Discussion

The pathologic and immunohistochemical findings observed in
these cats are consistent with previous descriptions of leishmaniasis in
companion animals (Di Mattia et al., 2018; Freitas et al., 2012; Navarro
et al., 2010). Moreover, the ulcerative lesions at the nasal planum and
ear observed in these two cats were described in cases of FeL associated
with L. infantum (Navarro et al., 2010; Savani et al., 2004; Vides et al.,
2011), L. (Viannia) brasiliensis (Schubach et al., 2004), L. amazonensis
(Souza et al., 2009), L. mexicana (Minard et al., 2017; Trainor et al.,
2010), and in a cat with oral lesions associated with L. infantum
(Migliazzo et al., 2015). However, during this investigation, the diag-
nosis of FeL was done by IHC using a polyclonal antibody (Tafuri et al.,
2004), and as such, the species of Leishmania associated with these cats
cannot be confirmed based on this diagnostic strategy. It must be
highlighted that seropositivity of dogs to L. infantum associated with VL
from the city of Cuiabá, within the state of Mato Gross, where these cats
were housed, varied from 64.5% (40/62) in 1998 (Moura et al., 1999)
to 22.1% (95/430) in 2010 (Almeida et al., 2012). Furthermore, L. in-
fantum DNA was identified in an asymptomatic lion (Panthera leo)
maintained in a zoological park within the same city (Dahroug et al.,
2011). Additionally, in 1998 there was an epidemic of VL in the State of
Mato Grosso, during which 2.6–11.2/100,000 cases occurred in hu-
mans and 9% (3600/40,000) of the dogs evaluated were seropositive
for L. infantum (Mestre and Fontes, 2007). Furthermore, cats may be
infected by the same species of Leishmania that occurs in humans and
other animals within a specific geographical area (Pennisi et al., 2015),
and FeL normally occurs in an endemic zone of zoonotic VL (Gramiccia,
2011). Consequently, we can postulate that these cats were probably
infected by L. infantum, which is the type of Leishmania occurring in
animals (Almeida et al., 2012; Dahroug et al., 2011; Moura et al., 1999)
and humans (Mestre and Fontes, 2007; Reis et al., 2017) within this
region.

The ulcerative lesions at the nasal planum and ear of the cats from
this study, are frequent clinical manifestations associated with SCC in
cats (Thomson, 2007), while the nasal lesions can be confused with
sporotrichosis (Montenegro et al., 2014; Santos et al., 2007). Interest-
ingly, in these cats the clinical diagnosis of SCC was based on the type
of lesions and their anatomical locations, and a diagnosis of FeL was
only established after cytological evaluation revealed parasitic struc-
tures and not neoplastic cells. This neoplastic growth is of utmost in-
terest in cats residing in regions of constant sunshine since this malig-
nant lesion is associated with exposure to UV rays; solar exposure in the
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city of Cuiabá is throughout the entire year (Nascimento et al., 2016).
Moreover, a synergism between FeL and SCC was proposed in which the
parasitic infection possibly initiates cellular transformation, while the
development of the neoplasm is facilitated by the proliferation of the
intralesional parasite (Soares et al., 2016). Sporotrichosis is an emer-
ging mycotic zoonotic disease that produces gross lesions that cannot be
easily differentiated from those of cutaneous leishmaniasis; this was
demonstrated in a study where 55% (41/74) of dogs with ulcerative
cutaneous lesions were in fact infected by Sporothrix schenckii, while
three of these were seropositive for leishmaniosis (Santos et al., 2007).
Therefore, cutaneous leishmaniasis in cats should be considered as a
possible differential diagnosis for SCC, particularly for cats that are
constantly exposed to solar radiation.

The cutaneous lesions and onychogryphosis observed in these cats
were previously described in dogs with spontaneous visceral leishma-
niasis (Freitas et al., 2012; Pennisi and Persichetti, 2018; Petersen,
2009). Onychogryphosis, as occurred in these cats was observed in
33.8% (Freitas et al., 2012) and 58.9% (Silva et al., 2017) of dogs
naturally infected with L. chagasi, but dogs experimentally infected did
not demonstrate this lesion even after five years of clinical observations
(Abbehusen et al., 2017). Additionally, dogs with onychogryphosis are
at elevated risk to develop visceral leishmaniasis (Silva et al., 2017).
Alternatively, a review of FeL revealed that this common cutaneous
feature of visceral leishmaniasis was not previously reported in FeL
(Pennisi and Persichetti, 2018); while onychogryphosis was mistakenly
associated with the clinical manifestations of feline leukaemia virus,
FLV (Silva et al., 2010). Consequently, onychogryphosis should be in-
cluded as a possible clinical manifestation of FeL, since the cat with
onychogryphosis was FLV negative but contained nuclei acids of FeL in
multiple organs by molecular testing (Silva et al., 2010). Additionally,
both cats were febrile; elevated body temperature was described in

more than 25% of the cases of FeL (Pennisi and Persichetti, 2018).

5. Conclusion

Cutaneous leishmaniasis was diagnosed in two cats from Central-
west Brazil that were initially thought to have squamous cell carcinoma
at the nasal planum and ear. However, FeL was only diagnosed due to a
combination of cytologic, pathologic, and immunohistochemical find-
ings. Both cats had varying degrees of onychogryphosis which fa-
cilitated a clinical diagnosis of cutaneous leishmaniasis. It is re-
commended that onychogryphosis be a potential indicator of FeL,
particularity in endemic regions of this disease. Finally, epidemiologic
data suggest that these cats were probably infected by L. infantum.
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