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Abstract

Background: Venezuela is an endemic area for human and canine leishmaniosis due to Leishmania infantum and
parasites of the Leishmania braziliensis and L. mexicana complexes. Limited data are available on feline leishmaniosis
(FeL) in this region. The aim of this study was to describe clinical and diagnostic aspects of FeL in Venezuela.

Results: Thirty-one domestic cats from urban areas of Lara State in Venezuela were enrolled. Twenty-five were healthy.
Six other cats had solitary or multiple nodular lesions, which were located on the nose, ears, tail and lower limbs.
Cutaneous lesions were characterized by diffuse pyogranulomatous infiltrate in all sick cats with numerous intracellular
and extracellular amastigotes, and immunohistochemistry was positive for Leishmania in five sick cats. All healthy cats
were seronegative for L. infantum and L. braziliensis antigens by ELISA. Two out of five sick cats yielded a positive ELISA
result to both Leishmania antigens with higher antibody levels to L. braziliensis compared to L. infantum. Significantly
higher antibody levels by ELISA as well as a higher number of bands by Western blot (WB) were found for L. braziliensis
when compared to L. infantum antigens in all sera from Venezuelan sick and healthy cats. All healthy cats were blood
Leishmania spp. qPCR negative while three out of six sick cats were blood qPCR positive. All paraffin-embedded skin
biopsies (n = 4) as well as cutaneous cytology (n = 3) were positive by Leishmania spp. qPCR in sick cats. Leishmania
speciation was obtained only from the cutaneous lesion samples from cytological preparations of two out of three sick
cats which were identified as infected with L. mexicana or a closely related specie.

Conclusions: Feline leishmaniosis should be included in the differential diagnosis list of nodular-ulcerative lesions. The
most reliable diagnostic technique in sick cats is cytological or histopathological examination along with
immunohistochemistry, since blood PCR and serology by ELISA might be negative. WB appears to be more sensitive in
detecting infection. Cats with leishmaniosis from Venezuela are most likely infected with species of L. mexicana or a
closely related species or the L. braziliensis species complex and not with L. infantum.

Keywords: Leishmania mexicana, Leishmania infantum, Leishmania braziliensis, Cats, Nodular-ulcerative lesions, ELISA,
qPCR, Immunohistochemistry, Venezuela

Background
Leishmaniosis is a parasitic disease caused by an obligate
intracellular protozoan of the genus Leishmania (Kineto-
plastida: Trypanosomatidae) [1]. In humans, it is mani-
fested clinically in multiple forms including the
cutaneous, mucosal and visceral leishmaniosis [2]. The
cutaneous form of leishmaniosis in the Eastern Hemi-
sphere is caused by Leishmania tropica, Leishmania

major and Leishmania aethiopica, as well as Leishmania
infantum and Leishmania donovani. The Leishmania
species found in America (the Western Hemisphere) are
either in the subgenus Leishmania represented by the L.
mexicana species complex (L. mexicana, L. amazonensis,
L. pifanoi, L. garnhami, L. aristidesi and L. venezuelensis)
or in the subgenus Viannia represented by the L. brazi-
liensis species complex [L. (V.) braziliensis, L. (V.) guya-
nensis, L. (V.) panamensis, and L. (V.) peruviana)] [3].
Cutaneous lesions are the most common clinical sign

of leishmaniosis both in human [4] and canine patients
[5] for certain Leishmania species such as L. infantum
and the L. mexicana and L. braziliensis species
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complexes. Over 200,000 people develop dermal and
mucosal leishmaniosis annually in Central and South
America [6, 7]. Venezuela is an endemic area of Ameri-
can human cutaneous leishmaniosis (ACL). A wide dis-
tribution of ACL has been observed, but the localized
clinical form tends to concentrate in states with moun-
tainous geography especially in the Andes (Trujillo, Mér-
ida, Lara and Táchira). It is interesting to note that Lara
and Mérida states are characterized by a fairly stable en-
demic situation that represents almost a third of all na-
tional cases [8]. Additionally, cutaneous lesions have
been reported in association with L. venezuelensis, in the
endemic focus of ACL both in humans and domestic an-
imals such as cats in Barquisimeto, Lara State, Venezuela
[9]. Moreover, description of human cutaneous leishma-
niosis caused by L. infantum is also documented [10].
However, Viannia is the most relevant subgenus in this
territory and is also responsible for metastatic hu-
man mucosal leishmaniosis, the severe form of tegumen-
tary disease [11, 12].
Feline leishmaniosis has been described with both

visceral and cutaneous forms by demonstration of the
presence of the parasite in cats. Several cases in domes-
tic cats have been globally reported, also in America and
especially in endemic areas of Central America [13],
South America such as Brazil [14, 15] and Paraguay [16]
and also in the Mediterranean basin [17] and the Middle
East [18]. Nonetheless, the real susceptibility of cats to
infection by Leishmania spp., their role as reservoir
hosts, and the outcome of leishmaniosis in these ani-
mals, are poorly understood [19]. Several Leishmania
species such as L. mexicana [20], L. venezuelensis [21],
L. braziliensis [22–24], L. amazonensis [25] and L. infan-
tum [15, 26–29] have been identified to infect cats in
Central and South America.
The most frequently described lesions in FeL are

ulcerocrusting, nodular dermatitis, alopecia and scaling
[30–32] while the visceral form of the disease involving
the spleen, liver, lymph nodes, bone marrow, eye and
kidney is less commonly diagnosed [33, 34]. Although
clinical cases of leishmaniosis have been reported in cats
with coinfection of feline leukemia virus (FeLV) and
feline immunodeficiency virus (FIV), the true association
between FeL and retroviral infections remains unclear
[32, 35].
The laboratory tests recommended for diagnosis of

FeL due to L. infantum include demonstration of the
presence of the parasite by direct microscopic examin-
ation in stained smears, and/or culture, serological tests
[indirect fluorescent antibody test (IFAT), enzyme-linked
immunosorbent assay (ELISA) and Western blot (WB)],
and molecular techniques such as the polymerase chain
reaction (PCR) [36]. However, limited information is
available regarding the diagnosis of other species of

Leishmania such as L. braziliensis infection in dogs and
cats [37].
Only very limited data are available on FeL in

Venezuela [9]. The identification of clinical manifesta-
tions associated with Leishmania spp. infection in
domestic cats in endemic areas as well as the best diag-
nostic techniques to be employed are crucial topics.
Therefore, the aim of this study was to describe clinical
and diagnostic aspects of FeL in an endemic area of
American cutaneous leishmaniosis, the state of Lara in
Venezuela.

Methods
Cats and sampling
Thirty-one outdoor domestic short hair cats from urban
areas (Barquisimeto, Cabudare, Quibor) of Venezuela
Lara State were enrolled. A full physical examination
was performed, and breed, age and gender were re-
corded before sampling. Twenty-five cats were appar-
ently healthy, and 6 cats presented cutaneous lesions.
Blood samples (n = 31) were collected into ethylenedi-
aminetetraacetic acid (EDTA) for DNA extraction and
quantitative PCR (qPCR) and into plain tubes to obtain
sera samples from 30 cats for Western blot (WB) and
enzyme-linked immunosorbent assay (ELISA) and stored
at -20 °C before use. Unfortunately, hematological and
biochemical profiles were not performed.

Diagnosis of Leishmania infection based on cytology,
histopathology and immunohistochemistry of cutaneous
lesions
Impression smears and fine needle aspirates from ulcera-
tive nodular lesions from 6 sick cats were sampled and
stained with a Romanowsky stain variant (Diff-Quick).
Macroscopical skin lesions of solitary or multiple nodu-
lar and ulcerative areas were biopsied in 5 cats. Skin
biopsies were fixed in 10% neutral buffered formalin.
The dermal inflammatory pattern and the cell popula-
tions were evaluated histologically in hematoxylin and
eosin (HE)-stained sections. A deparaffinization step was
performed on the paraffin blocks of skin biopsies before
Leishmania immunohistochemistry (IHC). Later, a
standard staining protocol with AutostainerPlus (Dako
Denmark A/S, Glostrup, Denmark) using rabbit poly-
clonal antibodies to L. infantum was followed. Sections
were then counterstained with hematoxylin and cover-
slipped for their interpretation [38].

Detection of antibodies against L. infantum and L.
braziliensis antigens by quantitative enzyme-linked im-
munosorbent assay (ELISA)
A Leishmania infantum in-house ELISA protocol previ-
ously described for cats [17] was slightly modified and L.
infantum (MHOM/MON-1/LEM 75) and L. braziliensis
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(MHOM/BR/88/BCN-25) antigens were used in the
same ELISA plate. Cat sera were diluted to 1:800 in
phosphate-buffered saline (PBS) with 0.05% Tween 20
(Sigma-Aldrich, St. Louis, Missouri, USA) containing
1% of dry milk and incubated in sonicated crude L.
infantum and L. braziliensis antigen-coated each in
half plates (20 μg/ml) for 1 h at 37 °C.
All plates included serum from a sick cat from Cyprus

with a confirmed infection with L. infantum as a positive
control [39] and serum from a healthy cat as a negative
control. All samples were analysed in duplicate. The re-
sult was quantified as ELISA units (EU) related to a
positive feline serum used as a calibrator and arbitrarily
set at 100 EU [40] for both antigens.
The cut-off for L. infantum was established at 9.2 EU

(mean + 4 SD of values from 80 cats from the UK, a
non-endemic area). Sera were classified as being positive,
when having a value equal or higher than 15.3 EU and
negative with 9.2 EU. Values in between were considered
doubtful.
The cut-off for L. braziliensis was established at 13.8

EU (mean + 4 SD of values from 80 cats from the UK, a
non-endemic area). Sera were classified as positive when
having a value equal or higher than 21.0 EU and negative
with 13.8 EU. Values in between were considered
doubtful.

Western blot (WB)
Sera from 25 apparently healthy cats and five cats
with lesions compatible with cutaneous leishmaniosis
from Lara State in Venezuela were assessed by WB.
In addition, sera from 8 cats from the Queen Mother
Hospital at the Royal Veterinary College (RVC), Uni-
versity of London, were used as negative controls
from cats living in a non-endemic area of leishmanio-
sis. Sera from 8 cats from Catalonia in Spain, of
which 6 cats were seropositive to L. infantum by
ELISA, one presenting a doubtful result and one
being negative, were also evaluated. Cats from Catalo-
nia (a non-endemic area for L. braziliensis infection)
were included to compare the pattern of WB with
cats from Venezuela. The seropositive cats to L.
infantum from Catalonia were diagnosed with clinical
leishmaniosis and used as positive controls for L.
infantum antigen.
Western blot was performed with L. infantum

(MHOM/MON-1/LEM 75) and L. braziliensis (MHOM/
BR/88/BCN-25) promastigotes as antigens [41, 42]. Sera
from cats with leishmaniosis that reacted with polypep-
tides of low molecular mass (< 36 kDa) of L. braziliensis
or L. infantum antigens were considered positive for WB
due to the fact that these antigens are the most specific
fractions in diagnosis of FeL [17, 43].

DNA extraction from blood, paraffin-embedded skin biop-
sies and cytology from skin lesions
Blood DNA purification
DNA was extracted using the Gen Elute blood genomic
DNA kit (Sigma-Aldrich) from 31 blood samples. Blood
from a non-infected clinically healthy cat was included
as negative control every time that DNA extraction was
performed [44].

Purification of genomic DNA from formalin-fixed, paraffin-
embedded skin biopsies
A deparaffinization step was performed on the paraf-
fin blocks of skin biopsies from 4 sick cats (FeV2,
FeV3, FeV5 and FeV6) using buffer (20 mM Tris-HCL
Ph 8.5; 1 mM EDTA), heating for 10 min at 95 °C
and centrifuging for 20 min at 12,000×g. Then, DNA
extraction was performed using the QIAamp® DNA
FFPE (Qiagen, Hilden, Germany) in accordance with
the manufacturer’s recommendations.

Purification of genomic DNA from cytological slides from
skin lesions
DNA extraction was performed from cutaneous lesions
from cytological slides from 3 sick cats (Fev3, Fev4 and
Fev5) with QIAamp® DNA Mini and Blood (Qiagen)
following the manufacturer’s instructions. A scalpel
(Braun, Tuttlingen, Germany) was used to obtain tissue
in a tube from each sample. Twenty microliters of prote-
ase, 200 μl of PBS and 200 μl of lysis buffer (Buffer AL)
were added and vortexed. Samples were incubated at 56
°C.

Leishmania spp. kinetoplast quantitative polymerase
chain reaction (qPCR)
The presence of Leishmania spp. DNA in blood samples
(n = 31), paraffin embedded skin biopsies (n = 4) and
cytological slides from cutaneous lesions (n = 3) was ini-
tially analysed by amplification of kinetoplast DNA
sequence by a real-time polymerase chain reaction
(qPCR). Each amplification was performed in triplicate,
in 20 μl reaction, 15 pmol of direct primer (5'-CTT TTC
TGG TCC TCC GGG TAG G-3'), 15 pmol of reverse
primer (5'-CCA CCC GGC CCT ATT TTA CAC CAA-
3'), 50 pmol of the labelled TaqMan probe (FAM-TTT
TCG CAG AAC GCC CCT ACC CGC-TAMRA) and 5
μl of sample DNA. Amplification and detection were
performed in the ABI Prism 7700 system (Applied
Biosystems, Foster City, CA, USA.) in two-step
temperature (94 °C and 55 °C) cycling over 45 cycles.
Positive controls (DNA from L. infantum MHOM /ES
/04 /BCN-61) and negative controls were included in
each RT-PCR analysis [45].
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Internal transcribed spacer 1 (ITS1) restriction fragment
length polymorphism (RFLP), quantitative PCR (qPCR),
sequencing and phylogenetic analysis
The species identification of the Leishmania isolates was
performed on DNA from cutaneous lesions (cytological
preparations) from 3 sick cats from Venezuela (FeV3,
FeV4 and FeV5) and on DNA from cutaneous lesions
(skin paraffin-embedded biopsies) from 4 sick cats (FeV2,
FeV3, FeV5 and FeV6). Two different techniques were
performed.

Polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) analysis of amplified ITS-1 sequences
For the identification of Leishmania species, we ampli-
fied the ribosomal ITS-1 region with primers LITSR (5'-
CTG GAT CAT TTT CCG ATG-3') and L5.8S (5'-TGA
TAC CAC TTA TCG CAC TT-3') [46]. Amplification
reactions were performed in volumes of 50 μl containing
3 μl of isolated DNA, 5 μl of 10× buffer (BIOTAQ DNA
Polymerase, Bioline, London, UK), 1.5 mM MgCl2, 0.2
mM dNTP, 0.2 mM of each primer and 1.5 units of Taq
polymerase (BIOTAQ DNA Polymerase, Bioline). A de-
naturing step at 95 °C for 2 min, followed by 35 cycles
of denaturing for 20 s at 95 °C, annealing for 30 s at 53 °
C, and extension for 1 min at 72 °C, followed by a final
extension at 72 °C for 1 h was carried out in thermal cy-
cler (MJ Research PTC-200 DNA Engine, Alameda, CA,
USA). DNA samples extracted from promastigote cell
cultures of L. infantum, L. tropica, L. major and L. brazi-
liensis were used as positive controls. A non-template
control with the same reagents described above but
without DNA was added to PCR to rule out
contamination.
The PCR products, previously digested with the

restriction enzyme BsuRI (HaeIII), were separated by
electrophoresis in 2% wide-range agarose (Sigma) at 150
V in SGTB 1× buffer (GRISP LDA, Research Solutions,
Porto, Portugal). A solution of SYBR safe DNA gel stain
(Invitrogen Ltd., Paisley, UK) was used to visualize the
separated DNA fragments under UV light [47].

Quantitative PCR high-resolution melting (qPCR-HRM) Leish-
mania genotyping based on a ITS1, sequencing and phylo-
genetic analysis
A fragment of ITS1 region of the leishmanial ribosomal
RNA operon was amplified (265–288 bp) by real-time
PCR using primers ITS-219F (5'-AGC TGG ATC ATT
TTC CGA TG-3') and ITS-219R (5'-ATC GCG ACA
CGT TAT GTG AG-3') and then evaluated by high reso-
lution melting (HRM) analysis as previously reported
[48]. DNA samples extracted from promastigote cell cul-
tures of L. infantum, L. tropica and L. major were used
as positive controls for each corresponding PCR reaction
and DNA from colony-bred dogs negative by PCR for

vector-borne pathogens was used as a negative control.
A non-template control (NTC) with the same reagents
described above but without DNA was added to each
PCR to rule out contamination.
All positive PCR products were sequenced using the

BigDye Terminator v.3.1 Cycle Sequencing Kit and an
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems),
at the Center for Genomic Technologies, Hebrew Univer-
sity of Jerusalem, Israel. DNA sequences were evaluated
with the ChromasPro software version 2.1.1 (Technely-
sium Pty Ltd., South Brisbane, Australia) and compared
for similarity with sequences available on the GenBank,
using BLAST program (https://blast.ncbi.nlm.nih.gov/
Blast.cgi).
Phylogenetic analysis was performed by MEGA6 [49]

using the Maximum Likelihood method based on the
Tamura 3-parameter model [50]. Initial phylogenetic
trees for the heuristic search were obtained by applying
the Neighbor-Joining method to a matrix of pairwise dis-
tances estimated using the Maximum Composite Likeli-
hood (MCL) approach. The bootstrap consensus tree
inferred from 1000 replicates was taken to represent the
evolutionary history of the taxa analyzed [51] and
branches corresponding to partitions reproduced in less
than 60% bootstrap replicates were collapsed.

Detection of FeLV antigen and FIV antibody
In order to evaluate retroviral infections to rule out con-
comitant infections the same 30 cats from Venezuela de-
scribed above (5 sick cats and 25 apparently healthy
cats) were tested serologically for FeLV antigen and FIV
antibody. Detection of FeLV p27 antigen and anti-FIV
antibodies was performed by a commercial ELISA
(INGEZIM FeLV and INGEZIM FIV®, Ingenasa, Madrid,
Spain) according to the manufacturer’s protocol.

Statistical analysis
Statistical analysis was performed using the SPSS 17.0
software for Windows (SPSS Inc., Chicago, USA). A
non-parametric Mann-Whitney U-test was used to com-
pare groups. A non-parametric Wilcoxon signed-rank
test was used to compare paired continuous variables.
Differences were considered significant with a 5% signifi-
cance level (P < 0.05. The descriptive statistical analysis
was conducted with R project software (2017).

Results
Cats
Physical examination of all cats included in this study
determined that 24 were adults, 5 were old cats and 2
were young cats. Moreover, the distribution according to
gender was 13 females and 18 males. The majority of
cats did not present any systemic clinical sign or derma-
tological lesions compatible with leishmaniosis and were
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classified as apparently healthy (25/31, 80.6%). All appar-
ently healthy cats were owned cats from Barquisimeto
and Cabudare cities from Lara State. They were 9 fe-
males (n = 2, old cats; n = 7, adults) and 16 males (n =
3, old cats; n = 12, adults; and n = 1 young cat). On the
other hand, 6 of the 31 cats (6/31, 19.3%) presented der-
matological clinical signs. Signalment, geographical loca-
tion and clinical description are summarized in Table 1.
Sick cats were all stray cats living in cat colonies. They
were 4 females and 2 males all adults, except for one 8-
month-old young male. Skin lesions consisted of solitary
or multiple nodular lesions (Fig. 1) which were located
on the nose (n = 3) (Fig. 1d-f ); ears (n = 1) (Fig. 1c); ears
and nose (n = 1) (Fig. 1a, b); and nose, ears, tail and
lower limbs (n = 1). Cats did not show other clinical
signs. Those cats did not receive any treatment and were
humanely euthanized.

Cytology, histopathology and immunohistochemistry
Cytology was performed from cutaneous lesions in 4
sick cats. In the majority of cases, mixed inflammation
with predominance of macrophages and neutrophils was
found. Numerous intracellullar and extracellular Leish-
mania amastigotes were also noted (Fig. 2a, b). Histolog-
ically, cutaneous lesions from 4 sick cats were
characterized by epidermal hyperplasia and hyperkera-
tosis. Diffuse infiltrate with predominance of macro-
phages and plasma cells with numerous intracellular and
extracellular amastigotes were observed (Fig. 2c). Occa-
sionally, mast cells, lymphocytes and eosinophils were
also encountered. Additionally, one sick cat presented
crusting and necrosis, and presence of amastigotes was
not observed. Immunohistochemistry was positive for
Leishmania spp. in the 5 biopsied cats (Fig. 2d).

ELISA
All apparently healthy cats (n = 25) were negative by
ELISA for L. braziliensis (mean ± SD = 4.5 ± 2.6 EU)
and most of them (n = 22) were negative for L. infantum
(mean ± SD = 2.5 ± 1.5 EU) antigens. Interestingly,
when all sera samples (n = 30) were analysed, statisti-
cally significant higher antibody levels were found for L.
braziliensis (mean ± SD = 7.0 ± 9.8 EU) when compared
to L. infantum (mean ± SD = 4.5 ± 7.6 EU) antigen
(Wilcoxon signed-rank test: Z = -4.679, P < 0.0001).
Additionally, 3 out of 25 apparently healthy cats and one
sick cat presented doubtful results for L. infantum anti-
gen. There were no animals with doubtful results for L.
braziliensis antigen. Specific antibody response was sig-
nificantly higher in sick cats when compared to healthy
cats to both L. braziliensis (Mann-Whitney U-test: Z
= -2.47, P = 0.01) and L. infantum (Mann-Whitney U-
test: Z = -2.69, P = 0.05) antigens. Two out of 5 sick cats
yielded positive ELISA result to both Leishmania

antigens (L. infantum: mean ± SD = 30.2 ± 10.9 EU and
L. braziliensis: mean ± SD = 39.9 ± 17.9 EU) while the
rest were seronegative (Table 1). Also, higher antibody
levels were found for L. braziliensis (mean ± SD = 19.9
± 20.3 EU) antigen than to L. infantum (mean ± SD =
14.7 ± 15.2 EU) antigen when all sick cats were evalu-
ated for ELISA (Wilcoxon signed-rank test: Z = -2.023, P
= 0.043).
The cats that were seropositive to L. infantum antigen

from Catalonia were diagnosed with clinical leishmanio-
sis. When those animals were tested serologically with L.
braziliensis antigen, 5 out of 8 presented negative ELISA
results, one had a doubtful result and two showed posi-
tive results.

Western blot
As expected, sera from cats from the UK did not
react with any polypeptides from both antigens. Bands
recognized for L. braziliensis and L. infantum anti-
gens by cat sera from Venezuela and Catalonia are
described in Table 2. In the case of the Venezuelan
samples, the highest sensitivity for L. braziliensis anti-
gen was found in the following fractions: 70, 65, 52,
50, 46, 42, 36, 34, 30, 28, 18 and 16 kDa. The highest
sensitivity for L. infantum antigen in Venezuelan cats
was found in the following fractions: 70, 65, 46, 34,
30, 28, 24, 18 and 16 kDa (Table 2). In contrast,
Catalonian samples recognized a higher number of
bands for L. infantum antigen (70, 65, 52, 46, 28, 24,
20, 18, 16 and 14 kDa) when compared to L. brazi-
liensis antigen (70, 68, 65, 16 and 14 kDa).
The majority of sick cat sera from Venezuela recog-

nized variable patterns of polypeptides with molecular
masses ranging between 14–70 kDa for L. braziliensis
antigen while they recognized polypeptide from L. infan-
tum antigen less frequently (Table 1).
There was a statistically significant predominance of

bands specific for L. braziliensis antigen in cats from
Venezuela when compared to Catalonian cats (Table
2) (Mann-Whitney U-test: Z = -4.03, P = 0.0001). Also,
when sick Venezuelan cats were compared to sero-
positive cats from Catalonia, a high number of bands
for L. braziliensis antigen was observed (Mann-Whit-
ney U-test: Z = -2.55, P = 0.01) (Table 3).
The Venezuelan cats showed a significantly higher

number of bands for L. braziliensis antigen when com-
pared to L. infantum antigen (Wilcoxon signed-rank
test: Z = -3.15, P = 0.02) (Table 2). Additionally, a higher
number of bands for L. brazilienis antigen were also
found when compared with L. infantum antigen in
Venezuelan sick cats (Wilcoxon signed-rank test: Z
= -3.58, P = 0.0001) (Table 3). No statistical differences
were observed within Catalonian cats when L. brazilien-
sis and L. infantum bands were compared.
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Four out of five sick cats from Venezuela resulted posi-
tive for L. braziliensis [low molecular mass (< 36 kDa)]. In
addition, positive results to L. braziliensis WB were found
in 6 out of 25 (24%) apparently healthy cats from
Venezuela and also in 2 sick cats from Catalonia. In the

case of cats from Venezuela, 3 sick cats and 7 apparently
healthy cats resulted positive for L. infantum WB. Five out
of eight Catalonian cats presented compatible results for
L. infantum antigens. In general, the intensity of bands in
sick cats increased with an increase in the antibody level.

Fig. 1 Cats with cutaneous leishmaniosis: a Adult female cat with ulcerative nodular lesions in the nose, front leg and pinna (ID: FeV2). b Close
up of the same cat (ID: FeV2). c Adult female cat, ulcerative lesion in the pinna (ID: FeV4). d Adult female cat with a nasal ulcer (ID: FeV6). e Adult
female cat with an ulcerative nodular lesion on the nose (ID: FeV5); f 8-month-old male cat with an ulcerated nodule on the nose (ID: FeV3)

Fig. 2 a, b Cytology from cutaneous lesions from cat ID Fev3 with macrophagic-neutrophilic inflammation, showing numerous intracellular and
extracellular Leishmania amastigotes (arrows) (diff quick stain 1000×). Scale-bars: 10 μm. c Diffuse pyogranulomatous inflammatory infiltrate from
cat ID Fev5 with numerous Leishmania amastigotes (arrows) (H&E 400×). d Positive immunohistochemistry for Leishmania amastigotes from cat ID
Fev5 (brown dots are indicated with arrows) (400×). Scale-bars: 50 μm
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Blood and cutaneous lesions Leishmania kinetoplast
qPCR, ITS1 RFLP and qPCR for identification, sequencing
and phylogenetic analysis
All twenty-five clinically healthy cats were blood qPCR
negative (25/31 cats, 90.3%). Additionally, when blood
from sick cats was analysed, 3 out of 6 cats were Leish-
mania kinetoplast qPCR positive (3/31 cats, 9.7%) while
3 were negative, including 1 seropositive sick cat by
ELISA. DNA extraction was performed from paraffin-
embedded skin biopsies of 4 sick cats and all samples
were positive by kinetoplast qPCR (Table 1). There was
no correlation between the pattern of bands recognized
by WB and PCR results.
DNA samples from cytological preparations of cutane-

ous lesions from 3 cats was extracted and all samples
were positive by kinetoplast qPCR (Table 1). Positive

DNA samples from cutaneous lesions paraffin-
embedded skin biopsies (n = 4) and cytological prepara-
tions (n = 3)] were submitted to parasite species identifi-
cation by PCR amplifying a fragment of the ITS1 region.
Only samples from cytological preparations of 2 cats
were positive by ITS1 qPCR-HRM (FeV3 and FeV4)
while samples from FeV5 were negative. In addition, the
same DNA from the cytological preparation from FeV3
was also confirmed as positive by PCR-RFLP, but FeV4
and FeV5 were PCR-RFLP-negative (Table 1). All DNA
samples from paraffin-embedded skin biopsies were
negative by ITS1 qPCR-HRM (Table 1) and PCR-RFLP.
The DNA sequence of cat FeV3 was 100% identical to a
partial 18S rRNA ITS1 sequence of L. mexicana (Gen-
Bank: AB558250.1) over 210 bp, as found by BLAST
analysis. In contrast, the DNA sequence of cat FeV4 was

Table 2 Antibody recognition of L. infantum and L. braziliensis antigens by WB in sera of cats from Venezuela and Catalonia (Spain)

WB band (kDa) Leishmania braziliensis antigen Leishmania infantum antigen

Total no. of cats
(n = 38)

Endemic area
Catalonia (n = 8)

Endemic area
Venezuela (n = 30)

Total no. of cats
(n = 38)

Endemic area
Catalonia (n = 8)

Endemic area
Venezuela (n = 30)

n % n % n % n % n % n %

70 11 12 2 10 9 13 5 9 1 4 4 11

68 2 2 2 10 2 3 0 0 0 0 0 0

65 7 8 2 10 5 7 3 5 1 4 3 8

58 1 1 0 0 1 1 0 0 0 0 0 0

56 2 2 0 0 2 3 0 0 0 0 0 0

52 5 5 0 0 5 7 1 2 1 4 0 0

50 3 3 0 0 3 4 0 0 0 0 0 0

48 2 2 0 0 2 3 0 0 0 0 0 0

46 6 7 1 5 5 7 3 5 1 4 2 6

44 2 2 2 10 0 0 1 2 0 0 1 3

42 2 2 0 0 2 3 0 0 0 0 0 0

40 1 1 1 5 0 0 0 0 0 0 0 0

38 1 1 0 0 1 1 0 0 0 0 0 0

36 3 3 1 5 2 3 0 0 0 0 0 0

34 4 4 1 5 3 4 7 12 3 13 4 11

30 6 7 1 5 5 7 5 9 3 13 2 6

28 7 8 1 5 6 8 6 10 1 4 5 14

24 3 3 1 5 2 3 5 9 2 9 3 8

22 1 1 0 0 1 1 0 0 0 0 0 0

20 3 3 0 0 3 4 3 5 2 9 1 3

18 6 7 1 5 5 7 5 9 2 9 3 8

16 8 9 2 10 4 6 11 19 4 17 7 19

14 5 5 2 10 3 4 3 5 2 9 1 3

Total no.
of bands

91 20 71 58 23 36

Mean no.
of bands

3.9 0.8 3.0 2.5 1.5 1

Note: Statistical results: L. braziliensis bands: Venezuelan cats > Catalonian cats (Mann-Whitney U-test: Z = -4.03, P = 0.0001). Venezuelan cats: L. braziliensis > L.
infantum (Wilcoxon signed-rank test: Z = -3.15, P = 0.02)
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only 93% identical to a partial 18S rRNA ITS1 sequence
of L. mexicana (GenBank: AB558250.1). A phylogenetic
tree with the two Venezuelan cats’ results is presented
in Fig. 3; in this tree, the DNA sequences from cats
FeV3 and FeV4 clustered together with L. mexicana se-
quences from other sources deposited in GenBank.

Detection of FeLV antigen and FIV antibodies and
relationship with Leishmania infection
All cats tested (n = 30) were negative for FeLV antigene-
mia. FIV-specific antibodies were found in 2 out of 25
apparently healthy cats tested (6.6%), both of them sero-
negative for L. infantum and L. braziliensis-specific anti-
bodies based on ELISA and also negative by kinetoplast

qPCR, but when WB positivity was studied, both cats re-
sulted positive to L. braziliensis-specific bands and one
was positive to L. infantum-specific bands.

Discussion
The present study describes a clinical case series of soli-
tary or multiple ulcerative nodular dermatitis due to
Leishmania spp. in cats from Lara State, Venezuela. Un-
fortunately, so far, Leishmania identification has only
been possible from the skin lesion of two cats and iden-
tified as L. mexicana. To the best knowledge of the au-
thors, we report the first feline case of cutaneous lesions
due to L. mexicana infection from Lara State, Venezuela.
Interestingly, so far cats have only been described to be

Table 3 Antibody recognition of L. braziliensis and L. infantum antigens by WB in seropositive and sick cats from Venezuela and
Catalonia (Spain)

WB band
(kDa)

Leishmania braziliensis antigen Leishmania infantum antigen

Total no. of
cats (n = 10)

Endemic area
Catalonia (n = 5)

Endemic area
Venezuela (n = 5)

Total no. of cats
(n = 10)

Endemic area
Catalonia (n = 5)

Endemic area
Venezuela
(n = 5)

n % n % n % n % n % n %

70 5 9 2 10 3 8 3 8 1 0 2 13

68 3 5 2 10 1 3 0 0 0 0 0 0

65 4 7 2 10 2 6 3 8 1 0 2 13

58 1 2 0 0 1 3 0 0 0 0 0 0

56 1 2 0 0 1 3 0 0 0 0 0 0

52 1 2 0 0 1 3 1 3 1 0 0 0

50 1 2 0 0 1 3 0 0 0 0 0 0

48 1 2 0 0 1 3 0 0 0 0 0 0

46 3 5 1 5 2 6 3 8 1 0 2 13

44 2 4 2 10 0 0 1 3 0 0 1 7

42 2 4 0 0 2 6 0 0 0 0 0 0

40 1 2 1 5 0 0 0 0 0 0 0 0

38 1 2 0 0 1 3 0 0 0 0 0 0

36 3 5 1 5 2 6 0 0 0 0 0 0

34 3 5 1 5 2 6 3 8 3 1 0 0

30 3 5 1 5 2 6 4 11 3 1 1 7

28 4 7 1 5 3 8 4 11 1 0 3 20

24 3 5 1 5 2 6 3 8 2 0 1 7

22 1 2 0 0 1 3 0 0 0 0 0 0

20 1 2 0 0 1 3 3 8 2 0 1 7

18 4 7 1 5 3 8 3 8 2 0 1 7

16 4 7 2 10 2 6 5 13 4 1 1 7

14 4 7 2 10 2 6 2 5 2 0 0 0

Total no.
of bands

56 20 36 38 23 15

Mean no.
of bands

2 1 2 2 1 1 2

Note: Statistical results: L. braziliensis-specific bands: Venezuelan sick cats > Catalonian sick cats (Mann-Whitney U-test: Z = -2.55, P = 0.011). Venezuelan sick cats: L.
braziliensis > L. infantum (Wilcoxon signed-rank test: Z = -3.58, P =0.0001)
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infected with L. mexicana in Texas in the USA [13, 20,
52]. In agreement with our findings, L. mexicana infec-
tion was previously diagnosed in humans with cutaneous
leishmaniosis from Lara State, Venezuela [53] as well as
in pools of Lutzomyia sand flies from Sucre State in
Venezuela [54].
Unfortunately, Leishmania identification was not

obtained from the remaining sick cats from Venezuela
described in the present study. Since formalin-fixation of
histological specimens causes partial DNA destruction,
which may hamper diagnostic PCR analysis [55, 56], we
believe that there was inhibition of DNA PCR-based
analyses of histological specimens. Therefore, the
amount of DNA amplified was reduced and this did not
enable the identification of Leishmania. However, based
on clinical and serological findings and the geographical
distribution of FeL [36], it is likely that species of L.
mexicana and/or L. braziliensis complexes were the
cause of infection of the remaining cats described here.
As with the cases presented here, clinical disease in cats
caused by natural infection with species other than L.
infantum is typically reported as nodular or ulcerative
dermatitis with no systemic clinical signs. Skin lesions
are often single but they can metastasize [36].
Solitary cutaneous lesions have been reported in asso-

ciation with L. venezuelensis infection, in the endemic
focus of ACL both in humans and domestic animals in
Barquisimeto, Lara State, Venezuela [9, 53]. Interestingly,

in this previous study, four cats were observed with
cutaneous nodules on the nose and smaller nodules on
the ears, and diffuse nodular lesions on the tail and legs
[9]. This clinical presentation was similar with the find-
ings obtained in the present study from cats from the
cities of Quíbor, Cabudare and Barquisimeto in Lara
State, Venezuela. It is also important to highlight that
feline cutaneous lesions described in the present study
are similar to the ones described also in humans. It is
likely that cats might only be an accidental host of L.
venezuelensis infection [36]. It is also important to
remark that the grouping of L. mexicana species com-
plex is still controversial [53]. Leishmania venezuelensis
was originally described on the basis of distinguishable
multilocus enzyme electrophoresis (MLEE) patterns as a
species independent of other members of the L. mexi-
cana complex [57]. Furthermore, a monoclonal antibody
specific for L. venezuelensis was developed for identifica-
tion using immunological methods [58]. However, there
are limited molecular data regarding L. venezuelensis
[59] and some authors strongly suggested that L. vene-
zuelensis is a variant of L. mexicana [53].
A study carried out in Cojedes State of Venezuela

revealed human, dog and equine populations with ul-
cers, other active lesions, skin scars and mucosal alter-
ations, due to Leishmania (Viannia) braziliensis
characterized by zymodeme and serodeme typing [60].
In addition, natural [23, 24] and experimental [19] L.

Fig. 3 Phylogenetic analysis constructed based on 210 bp DNA sequences of the ITS1 locus of Venezuelan cats (FeV3 and FeV4). Sequences from
this study were compared to other sequences deposited in GenBank. Phylogenetic analysis was inferred by using the Maximum Likelihood
method based on the Tamura 3-parameter model. The number of bootstrap replicates are 1000 and branches corresponding to less than 60%
bootstrap replicates are collapsed. Bootstrap values higher than 60% are indicated next to the branches. GenBank accession number, the strain,
country of origin and host from which the sequences were derived are included for each sequence
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braziliensis infections have been described in domestic
cats. Leishmania braziliensis natural infection in cats has
been described in Brazil [60], French Guiana [23] and in
northern Argentina [61]. Cutaneous lesions previously
described were also similar to the ones reported in the
present study. However, the finding of cats with cutane-
ous leishmaniosis does not reflect an important role of
these domestic animals in the natural transmission of
the disease in these areas, and these animals probably
represent accidental hosts [21].
In the present study, cats presented ulcerative nodular

dermatitis mainly on the face. Cutaneous lesions in cats
naturally infected with Leishmania spp. occur mainly on
the nose, followed by the ears or at both sites [2] and
also occasionally on the limbs. The skin alterations in
FeL are unspecific and can be associated with other clin-
ical conditions [25]. The commonly seen cutaneous
nodular form in FeL cases should be distinguished from
nodules caused in cats with sterile or eosinophilic granu-
loma, cryptococcosis, sporotrichosis, histoplasmosis,
mycobacterioses, and a wide variety of cutaneous neo-
plasms, e.g. feline sarcoids, mast cell tumor, fibrosar-
coma, basal cell carcinoma, bowenoid in situ carcinoma
and lymphoma [36]. The main differentials of the ulcera-
tive lesions include squamous cell carcinoma, idiopathic
ulcerative dermatitis, herpes virus dermatitis, mosquito-
bite dermatitis, atypical mycobacteriosis and feline
leprosy, cutaneous vasculitis, erythema multiforme and
cold-agglutinin disease. Interestingly, squamous cell
carcinoma may co-exist with Leishmania infections as
clinical case reports due to L. infantum have been docu-
mented in cats in Europe [62, 63]. In the present study,
concomitant disease was not diagnosed in the sick cats
studied.
Leishmaniosis is diagnosed by demonstration of the

parasite by direct microscopic examination in stained
smears, and/or culture of skin lesions, lymph node
aspirates, peripheral blood, bone marrow aspirates or
indirectly by serological techniques [41]. A clinical
form characterized by a very low number of intrale-
sional parasites can be detected by an immunohisto-
chemical technique. This technique is a highly
sensitive and specific tool for the diagnosis of canine
and feline leishmaniosis [36, 64]. In this study, differ-
ent techniques were used in the cats with cutaneous
lesions, such as cytology, skin biopsy and immunohis-
tochemistry, by which the diagnosis of infection by
Leishmania spp. was made. Besides that, serological
and molecular diagnostic techniques were also used
in sick and apparently healthy cats. One sick cat and
25 clinically healthy cats were negative by serology
and blood qPCR. The sick cats did not always give a
positive result to blood qPCR and serology. The
present findings might indicate that clinically healthy

cats are not carriers of Leishmania spp. present in
Venezuela.
Moreover, the ELISA and qPCR discordant results can

be attributed to the inherent differences between sero-
logical testing and molecular methods. PCR is a very
sensitive technique. However, intermittent parasitemias
are very likely in cats as described in dogs [65] and
therefore, PCR from blood might not be very sensitive.
The parasite load in blood was quite variable in the cats
studied and poorly correlated with the degree of anti-
body levels [17]. The present findings suggest that more
than one technique should be used for detection of fe-
line cutaneous leishmaniosis in South America.
Leishmania species such as L. infantum and L. brazi-

liensis among others co-exist in South America and both
species can infect cats [36]. However, there are limited
studies regarding serological tests that will distinguish
between L. infantum- and L. braziliensis-specific feline
antibodies in these regions. Here, we report an ELISA
that combines both antigens. Interestingly, higher anti-
body levels were found using L. braziliensis antigen in
Venezuelan cats when compared with L. infantum anti-
gen. This quantitative in-house ELISA appears to help
establishing what Leishmania species or closely related
Leishmania species are most likely infecting cats in the
respective endemic areas. These findings are extremely
important in areas where several parasite species might
co-exist, therefore, this type of ELISA should be used to
determine the most likely Leishmania parasite infecting
dogs and cats in South America. Unfortunately, we did
not have antigen of L. mexicana to perform WB.
Furthermore, the WB analysis also revealed that Vene-

zuelan cat sera recognized a significantly higher number
of L. braziliensis polypeptides when compared to L.
infantum antigen. In addition, the intensity of bands in-
creased with an increase in the antibody level. There
was no correlation between the pattern of bands recog-
nized and PCR results. Antigens of low molecular weight
(12–14 and 14–18 kDa), seem to be very specific and
their recognition in the immunoblot is highly sensitive
in the diagnosis of subclinical Leishmania infection in
dogs and cats [43]. In the cats analysed, similar results
were observed. In experimentally infected dogs, anti-
bodies specific for low molecular weight fractions are
the first to appear following infection [41]. Based on the
results of this study, it appears that the WB enables
detection of early phases of infection in apparently
healthy cats with negative antibody levels by ELISA or
PCR results. It also important to highlight that WB
seems to be the best serological technique to be used
when testing sick and apparently healthy cats from
Venezuela as previously reported for European cats [43].
In agreement with the present study, another study
reveals that the use of WB with whole antigen or
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antigenic Fe-SODe (iron superoxide dismutase) fraction
was an optimal method for the detection of FeL [66].
The use of antigenic fractions of cultures of L. mexicana,
L. braziliensis and L. infantum showed satisfactory
results with high sensitivity, specificity and efficacy for
the detection of this disease in cats [66]. Therefore, WB
should be widely used in the clinical setting for diagnosis
clinical FeL as well as for detection of subclinical
infections.

Conclusions
We conclude that leishmaniosis should be included in
the differential diagnosis list of nodular-ulcerative lesions
in cats, mainly on the nose and ears. In addition, to the
best of our knowledge, we described for the first time,
cutaneous lesion associated with L. mexicana infection
from two Venezuelan cats. The most reliable diagnostic
technique in sick cats is cytological or histopathological
examination along with immunohistochemistry, since
blood PCR and serology by ELISA might be negative.
However, WB appears to be more sensitive in detecting
infected cats. Based on molecular and serological find-
ings, cats from Venezuela are most likely infected with
species of L. mexicana or L. braziliensis species com-
plexes rather than L. infantum. Finally, the present find-
ings might indicate that clinically healthy cats are not
carriers of Leishmania spp. present in Venezuela.

Abbreviations
ACL: American human cutaneous leishmaniosis; DAB: diaminobenzidine;
ELISA: enzyme-linked immunosorbent assay;
EDTA: ethylenediaminetetraacetic acid; EU: ELISA units; FIV: feline
immunodeficiency virus; FeL: feline leishmaniosis; FeLV: feline leukemia virus;
HE: hematoxylin and eosin; HRM: high resolution melting;
IHC: immunohistochemistry; IFAT: indirect fluorescent antibody test;
ITS1: internal transcribed spacer 1; Fe-SODe: iron superoxide dismutase;
Kd: kilodalton; MLEE: multilocus enzyme electrophoresis; PBS: phosphate-
buffered saline; qPCR: quantitative polymerase chain reaction;
RFLP: restriction fragment length polymorphism; RT: room temperature;
WB: western blot

Acknowledgements
Publication of this paper has been sponsored by Bayer Animal Health in the
framework of the 13th CVBD World Forum Symposium. The authors thank all
veterinarians and cat owners that contributed to this study. We are especially
grateful to Dr Gustavo Bracho (veterinary pathologist, University
Centroccidental Lisandro Alvarado, Barquisimeto, Venezuela), Dr Pedro
Romero and Dr. Eduardo Canelón, (University Centroccidental Lisandro
Alvarado, Barquisimeto, Venezuela), Dr José Karabin (Veterinary Clinic San
Francisco, Barquisimeto, Venezuela), Dr Francisco Aldana and Dr. Samanta
Gerdel (Veterinary Clinic K-chorros, Quibor, Lara State, Venezuela), Dr Jose
Antonio Rodriguez (Veterinary Clinic Teky Pets, Barquisimeto, Venezuela), Dr
José Eduardo Silva and Vito Priolo, for collaboration in laboratory work. The
authors are also grateful to Blanca Pérez and Aida Neira for histological and
immunohistochemical technical work.

Funding
Not applicable.

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article. All datasets analysed are available from the corresponding author
upon reasonable request.

Authors’ contributions
LSG designed the research study. LSG, GB, CR and RF supervised technical
work. LSG, AKR, MA and PMO contributed with data analysis and
interpretation and wrote the manuscript. AKR examined and collected
samples from cats living in Venezuela. MA, AKR and PMO performed
serological testing and AKR, MA, SMS and YNB performed the molecular
work of this study. LSG and AKR read and interpreted cytological
preparations. MB and AKR read and interpreted histological and
immunohistochemical preparations. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
Residual samples were used for all the testing described in the present
study. Ethical approval was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Animal Medicine and Surgery, Veterinary School, University
Centroccidental Lisandro Alvarado, Barquisimeto, Venezuela. 2Departament
de Medicina i Cirurgia Animals, Facultat de Veterinària, Universitat Autònoma
de Barcelona, Bellaterra, Spain. 3Laboratori de Parasitologia, Departament de
Biologia, Salut i Medi Ambient, Facultat de Farmàcia i Ciències de
l’Alimentació, Universitat de Barcelona, Barcelona, Spain. 4Koret School of
Veterinary Medicine, The Hebrew University, Rehovot, Israel.

Received: 11 January 2018 Accepted: 26 February 2018

References
1. Solano-Gallego L, Baneth G. Feline leishmaniosis. In: Greene CE, editor.

Infectious disease of dog and cat. 4th ed. St Louis: Elsevier; 2006. p. 748–9.
2. Bailey MS, Lockwood DN. Cutaneous leishmaniasis. Clin Dermatol. 2007;

25:203–11.
3. Martins AL, Barreto JA, Lauris JR, Martins AC. American tegumentary

leishmaniasis: correlations among immunological, histopathological and
clinical parameters. An Bras Dermatol. 2014;89:52–8.

4. Scorza BM, Carvalho EM, Wilson ME. Cutaneous manifestations of human
and murine leishmaniasis. Int J Mol Sci. 2017;18:1296.

5. Saridomichelakis MN, Koutinas AF. Cutaneous involvement in canine
leishmaniosis due to Leishmania infantum (syn. L. chagasi). Vet Dermatol.
2014;25:61–71.

6. Hepburn NC. Cutaneous leishmaniasis: current and future management.
Expert Rev Anti-Infect Ther. 2003;1:563–70.

7. Alvar J, Velez ID, Bern C, Herrero M, Desjeux P, Cano J, et al.
Leishmaniasis worldwide and global estimates of its incidence. PLoS
One. 2012;7:e35671.

8. De Lima H, Borges RH, Escobar JJC. American cutaneous leishmaniasis
in Venezuela: a clinical and epidemiological analysis at a national level
and by federal entity, 1988–2007. Bol Malariol Salud Ambient. 2010;50:
283–300.

9. Bonfante R, Valdivia O, Torrealba J, García T, Garófalo M, Urdaneta IRU.
Cutaneous leishmaniasis in cats (Felis domesticus) caused by Leishmania
(Leishmania) venezuelensis. FCV-LUZ. 1996;6:187–90.

10. De Lima H, Rodriguez N, Feliciangeli MD, Barrios MA, Sosa A, Agrela I, et al.
Cutaneous leishmaniasis due to Leishmania chagasi/Leishmania infantum in
an endemic area of Guarico State, Venezuela. Trans R Soc Trop Med Hyg.
2009;103:721–6.

11. Weigle K, Saravia NG. Natural history, clinical evolution, and the host-
parasite interaction in New World cutaneous leishmaniasis. Clin Dermatol.
1996;14:433–50.

12. Blum J, Lockwood DN, Visser L, Harms G, Bailey MS, Caumes E, et al. Local
or systemic treatment for New World cutaneous leishmaniasis? Re-

Rivas et al. Parasites & Vectors  (2018) 11:141 Page 12 of 14



evaluating the evidence for the risk of mucosal leishmaniasis. Int Health.
2012;4:153–63.

13. Trainor KE, Porter BF, Logan KS, Hoffman RJ, Snowden KF. Eight cases of
feline cutaneous leishmaniasis in Texas. Vet Pathol. 2010;47:1076–81.

14. Sobrinho LS, Rossi CN, Vides JP, Braga ET, Gomes AA, de Lima VM, et al.
Coinfection of Leishmania chagasi with Toxoplasma gondii, feline
immunodeficiency virus (FIV) and feline leukemia virus (FeLV) in cats from
an endemic area of zoonotic visceral leishmaniasis. Vet Parasitol. 2012;187:
302–6.

15. Vides JP, Schwardt TF, Sobrinho LS, Marinho M, Laurenti MD, Biondo AW, et
al. Leishmania chagasi infection in cats with dermatologic lesions from an
endemic area of visceral leishmaniosis in Brazil. Vet Parasitol. 2011;178:22–8.

16. Velázquez A, Medina M, Pedrozo R, Miret J, Janeiro Coiro C, Generoso D, et
al. Prevalencia de anticuerpos anti-Leishmania infantum por
immunofluorescencia indirecta (IFI) y estudio de factores de riesgo en gatos
domésticos en el Paraguay. Vet Zootec. 2011;18:284–96.

17. Solano-Gallego L, Rodriguez-Cortes A, Iniesta L, Quintana J, Pastor J,
Espada Y, et al. Cross-sectional serosurvey of feline leishmaniasis in
ecoregions around the northwestern Mediterranean. Am J Trop Med
Hyg. 2007;76:676–80.

18. Akhtardanesh B, Sharifi I, Mohammadi A, Mostafavi M, Hakimmipour M,
Pourafshar NG. Feline visceral leishmaniasis in Kerman, southeast of Iran:
serological and molecular study. J Vector Borne Dis. 2017;54:96–102.

19. Simoes-Mattos L, Mattos MR, Teixeira MJ, Oliveira-Lima JW, Bevilaqua CM,
Prata-Junior RC, et al. The susceptibility of domestic cats (Felis catus) to
experimental infection with Leishmania braziliensis. Vet Parasitol. 2005;127:
199–208.

20. Barnes JC, Stanley O, Craig TM. Diffuse cutaneous leishmaniasis in a cat. J
Am Vet Med Assoc. 1993;202:416–8.

21. Bonfante-Garrido R, Urdaneta I, Urdaneta R, Alvarado J. Natural infection of
cats with Leishmania in Barquisimeto, Venezuela. Trans R Soc Trop Med Hyg.
1991;85:53.

22. Passos VM, Lasmar EB, Gontijo CM, Fernandes O, Degrave W. Natural
infection of a domestic cat (Felis domesticus) with Leishmania (Viannia) in
the metropolitan region of Belo Horizonte, State of Minas Gerais, Brazil.
Mem Inst Oswaldo Cruz. 1996;91:19–20.

23. Rougeron V, Catzeflis F, Hide M, De Meeus T, Banuls AL. First clinical case of
cutaneous leishmaniasis due to Leishmania (Viannia) braziliensis in a
domestic cat from French Guiana. Vet Parasitol. 2011;181:325–8.

24. Schubach TM, Figueiredo FB, Pereira SA, Madeira MF, Santos IB, Andrade
MV, et al. American cutaneous leishmaniasis in two cats from Rio de
Janeiro, Brazil: first report of natural infection with Leishmania (Viannia)
braziliensis. Trans R Soc Trop Med Hyg. 2004;98:165–7.

25. de Souza AI, Barros EM, Ishikawa E, Ilha IM, Marin GR, Nunes VL. Feline
leishmaniasis due to Leishmania (Leishmania) amazonensis in Mato Grosso
do Sul State, Brazil. Vet Parasitol. 2005;128:41–5.

26. Savani ES, de Oliveira Camargo MC, de Carvalho MR, Zampieri RA, dos
Santos MG, D'Auria SR, et al. The first record in the Americas of an
autochthonous case of Leishmania (Leishmania) infantum chagasi in a
domestic cat (Felix catus) from Cotia County, Sao Paulo State, Brazil. Vet
Parasitol. 2004;120:229–33.

27. da Silva AV, de Souza Candido CD, de Pita Pereira D, Brazil RP, Carreira JC.
The first record of American visceral leishmaniasis in domestic cats from Rio
de Janeiro, Brazil. Acta Trop. 2008;105:92–4.

28. Coelho WM, Richini-Pereira VB, Langoni H, Bresciani KD. Molecular detection
of Leishmania sp. in cats (Felis catus) from Andradina Municipality, Sao Paulo
State, Brazil. Vet Parasitol. 2011;176:281–2.

29. Coelho WM, Lima VM, Amarante AF, Langoni H, Pereira VB, Abdelnour A, et
al. Occurrence of Leishmania (Leishmania) chagasi in a domestic cat (Felis
catus) in Andradina, Sao Paulo, Brazil: case report. Rev Bras Parasitol Vet.
2010;19:256–8.

30. Pennisi MG, Venza M, Reale S, Vitale F, Lo Giudice S. Case report of
leishmaniasis in four cats. Vet Res Commun. 2004;28:363–6.

31. Rufenacht S, Sager H, Muller N, Schaerer V, Heier A, Welle MM, et al. Two
cases of feline leishmaniosis in Switzerland. Vet Rec. 2005;156:542–5.

32. Sherry K, Miro G, Trotta M, Miranda C, Montoya A, Espinosa C, et al. A
serological and molecular study of Leishmania infantum infection in cats
from the Island of Ibiza (Spain). Vector Borne Zoonotic Dis. 2011;11:239–45.

33. Hervas J, Chacon-Manrique de Lara F, Lopez J, Gomez-Villamandos JC,
Guerrero MJ, Moreno A. Granulomatous (pseudotumoral) iridociclitis
associated with leishmaniasis in a cat. Vet Rec. 2001;149:624–5.

34. Leiva M, Lloret A, Pena T, Roura X. Therapy of ocular and visceral
leishmaniasis in a cat. Vet Ophthalmol. 2005;8:71–5.

35. Solano-Gallego L, Miro G, Koutinas A, Cardoso L, Pennisi MG, Ferrer L, et al.
LeishVet guidelines for the practical management of canine leishmaniosis.
Parasit Vectors. 2011;4:86.

36. Pennisi MG, Cardoso L, Baneth G, Bourdeau P, Koutinas A, Miro G, et al.
LeishVet update and recommendations on feline leishmaniosis. Parasit
Vectors. 2015;8:302.

37. Trevisan DA, Lonardoni MV, Demarchi IG. Diagnostic methods to
cutaneous leishmaniasis detection in domestic dogs and cats. An Bras
Dermatol. 2015;90:868–72.

38. Esteve LO, Saz SV, Hosein S, Solano-Gallego L. Histopathological findings
and detection of Toll-like receptor 2 in cutaneous lesions of canine
leishmaniosis. Vet Parasitol. 2015;209:157–63.

39. Attipa C, Neofytou K, Yiapanis C, Martinez-Orellana P, Baneth G, Nachum-
Biala Y, et al. Follow-up monitoring in a cat with leishmaniosis and
coinfections with Hepatozoon felis and “Candidatus Mycoplasma
haemominutum”. JFMS Open Rep. 2017;3:2055116917740454.

40. Solano-Gallego L, Villanueva-Saz S, Carbonell M, Trotta M, Furlanello T,
Natale A. Serological diagnosis of canine leishmaniosis: comparison of
three commercial ELISA tests (Leiscan®, ID Screen® and Leishmania 96®),
a rapid test (Speed Leish K®) and an in-house IFAT. Parasit Vectors.
2014;7:111.

41. Riera C, Valladares JE, Gallego M, Aisa MJ, Castillejo S, Fisa R, et al.
Serological and parasitological follow-up in dogs experimentally infected
with Leishmania infantum and treated with meglumine antimoniate. Vet
Parasitol. 1999;84:33–47.

42. Aisa MJ, Castillejo S, Gallego M, Fisa R, Riera MC, de Colmenares M, et al.
Diagnostic potential of Western blot analysis of sera from dogs with
leishmaniasis in endemic areas and significance of the pattern. Am J Trop
Med Hyg. 1998;58:154–9.

43. Persichetti MF, Solano-Gallego L, Vullo A, Masucci M, Marty P, Delaunay P, et
al. Diagnostic performance of ELISA, IFAT and Western blot for the
detection of anti-Leishmania infantum antibodies in cats using a Bayesian
analysis without a gold standard. Parasit Vectors. 2017;10:119.

44. Solano-Gallego L, Di Filippo L, Ordeix L, Planellas M, Roura X, Altet L, et al.
Early reduction of Leishmania infantum-specific antibodies and blood
parasitemia during treatment in dogs with moderate or severe disease.
Parasit Vectors. 2016;9:235.

45. Martin-Ezquerra G, Fisa R, Riera C, Rocamora V, Fernandez-Casado A,
Barranco C, et al. Role of Leishmania spp. infestation in nondiagnostic
cutaneous granulomatous lesions: report of a series of patients from a
western Mediterranean area. Br J Dermatol. 2009;161:320–5.

46. Schonian G, Nasereddin A, Dinse N, Schweynoch C, Schallig HD, Presber W,
et al. PCR diagnosis and characterization of Leishmania in local and
imported clinical samples. Diagn Microbiol Infect Dis. 2003;47:349–58.

47. Tomas-Perez M, Fisa R, Riera C. The use of fluorescent fragment length
analysis (PCR-FFL) in the direct diagnosis and identification of cutaneous
Leishmania species. Am J Trop Med Hyg. 2013;88:586–91.

48. Talmi-Frank D, Nasereddin A, Schnur LF, Schonian G, Toz SO, Jaffe CL, et al.
Detection and identification of old world Leishmania by high resolution
melt analysis. PLoS Negl Trop Dis. 2010;4:e581.

49. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6. Molecular
Evolutionary Genetics Analysis version 6.0. Mol Biol Evol. 2013;30:2725–9.

50. Tamura K. Estimation of the number of nucleotide substitutions when there
are strong transition-transversion and G+C-content biases. Mol Biol Evol.
1992;9:678–87.

51. Felsenstein J. Confidence limits on phylogenies: An approach using the
bootstrap. Evolution. 1985;39:783–91.

52. Craig TM, Barton CL, Mercer SH, Droleskey BE, Jones LP. Dermal
leishmaniasis in a Texas cat. Am J Trop Med Hyg. 1986;35:1100–2.

53. Kato H, Watanabe J, Mendoza Nieto I, Korenaga M, Hashiguchi Y.
Leishmania species identification using FTA card sampling directly from
patients’ cutaneous lesions in the state of Lara, Venezuela. Trans R Soc Trop
Med Hyg. 2011;105:561–7.

54. Jorquera A, Gonzalez R, Marchan-Marcano E, Oviedo M, Matos M. Multiplex-
PCR for detection of natural Leishmania infection in Lutzomyia spp.
captured in an endemic region for cutaneous leishmaniasis in state of
Sucre, Venezuela. Mem Inst Oswaldo Cruz. 2005;100:45–8.

55. Webster JD, Miller MA, DuSold D, Ramos-Vara J. Effects of prolonged
formalin fixation on the immunohistochemical detection of infectious

Rivas et al. Parasites & Vectors  (2018) 11:141 Page 13 of 14



agents in formalin-fixed, paraffin-embedded tissues. Vet Pathol. 2010;47:
529–35.

56. Muller N, Zimmermann V, Forster U, Bienz M, Gottstein B, Welle M.
PCR-based detection of canine Leishmania infections in formalin-fixed
and paraffin-embedded skin biopsies: elaboration of a protocol for
quality assessment of the diagnostic amplification reaction. Vet Parasitol.
2003;114:223–9.

57. Bonfante-Garrido R. New observations on Leishmania mexicana
venezuelensis. Trans R Soc Trop Med Hyg. 1983;77:740.

58. Hanham CA, Shaw JJ, Lainson R, McMahon-Pratt D. Production of a specific
monoclonal antibody for the identification of Leishmania (Leishmania)
venezuelensis. Am J Trop Med Hyg. 1990;42:453–9.

59. Berzunza-Cruz M, Cabrera N, Crippa-Rossi M, Sosa Cabrera T, Perez-Montfort
R, Becker I. Polymorphism analysis of the internal transcribed spacer and
small subunit of ribosomal RNA genes of Leishmania mexicana. Parasitol
Res. 2002;88:918–25.

60. Aguilar CM, Rangel EF, Garcia L, Fernandez E, Momen H, Grimaldi Filho G, et
al. Zoonotic cutaneous leishmaniasis due to Leishmania (Viannia) braziliensis
associated with domestic animals in Venezuela and Brazil. Mem Inst
Oswaldo Cruz. 1989;84:19–28.

61. Ruiz RM, Ramírez NN, Alegre AE, Bastiani CE, De Biasio MB. Detection of
Leishmania braziliensis in a domestic cat using molecular biology techniques
in Corrientes, Argentina. Rev Vet. 2015;26:147–50.

62. Grevot A, Jaussaud Hugues P, Marty P, Pratlong F, Ozon C, Haas P, et al.
Leishmaniosis due to Leishmania infantum in a FIV and FelV positive cat
with a squamous cell carcinoma diagnosed with histological, serological
and isoenzymatic methods. Parasite. 2005;12:271–5.

63. Pocholle E, Reyes-Gomez E, Giacomo A, Delaunay P, Hasseine L, Marty PA.
case of feline leishmaniasis in the south of France. Parasite. 2012;19:77–80.

64. Ordeix L, Solano-Gallego L, Fondevila D, Ferrer L, Fondati A. Papular
dermatitis due to Leishmania spp. infection in dogs with parasite-specific
cellular immune responses. Vet Dermatol. 2005;16:187–91.

65. Manna L, Gravino AE, Picillo E, Decaro N, Buonavoglia C. Leishmania DNA
quantification by real-time PCR in naturally infected dogs treated with
miltefosine. Ann N Y Acad Sci. 2008;1149:358–60.

66. Longoni SS, Lopez-Cespedes A, Sanchez-Moreno M, Bolio-Gonzalez ME,
Sauri-Arceo CH, Rodriguez-Vivas RI, et al. Detection of different Leishmania
spp. and Trypanosoma cruzi antibodies in cats from the Yucatan Peninsula
(Mexico) using an iron superoxide dismutase excreted as antigen. Comp
Immunol Microbiol Infect Dis. 2012;35:469–76.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Rivas et al. Parasites & Vectors  (2018) 11:141 Page 14 of 14


	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Cats and sampling
	Diagnosis of Leishmania infection based on cytology, histopathology and immunohistochemistry of cutaneous lesions
	Detection of antibodies against L. infantum and L. braziliensis antigens by quantitative enzyme-linked immunosorbent assay (ELISA)
	Western blot (WB)
	DNA extraction from blood, paraffin-embedded skin biopsies and cytology from skin lesions
	Blood DNA purification
	Purification of genomic DNA from formalin-fixed, paraffin-embedded skin biopsies
	Purification of genomic DNA from cytological slides from skin lesions

	Leishmania spp. kinetoplast quantitative polymerase chain reaction (qPCR)
	Internal transcribed spacer 1 (ITS1) restriction fragment length polymorphism (RFLP), quantitative PCR (qPCR), sequencing and phylogenetic analysis
	Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis of amplified ITS-1 sequences
	Quantitative PCR high-resolution melting (qPCR-HRM) Leishmania genotyping based on a ITS1, sequencing and phylogenetic analysis

	Detection of FeLV antigen and FIV antibody
	Statistical analysis

	Results
	Cats
	Cytology, histopathology and immunohistochemistry
	ELISA
	Western blot
	Blood and cutaneous lesions Leishmania kinetoplast qPCR, ITS1 RFLP and qPCR for identification, sequencing and phylogenetic analysis
	Detection of FeLV antigen and FIV antibodies and relationship with Leishmania infection

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

