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Abstract: Feline leishmaniosis is a worldwide infection caused by the parasite of the genus Leishmania
transmitted by sandflies. Based on the complexity of epidemiology and diagnosis of this infection,
the role of cats in the epidemiology and clinical impact of disease is still under debate. By using
serological and molecular methods, this study aimed to update the epidemiology of the infection
in different feline populations from various areas of Italy and to study factors associated with the
infection. Of 1490 cats tested, 124 (8.3%, 95% CI 6.9–9.9) were infected, 96 had only specific L. infantum
IgG, 18 were only positive for parasite DNA and 10 were both IFAT and qPCR positive. Risk factors
for infection were sampling in the winter season (OR = 3.2, 95% CI 2.2–4.8), originating from the
Sicily region (OR = 2.0, 95% CI 1.3–3.0), male gender (OR = 1.8, 95% CI 1.1–3.2), outdoor lifestyle
(OR = 2.3, 95% CI 0.9–5.6) and seropositivity for FIV antibodies (OR = 2.2, 95% CI 1.2–4.2), while
sampling in the spring (OR = 0.5, 95% CI 0.3–0.7) and summer (OR = 0.3, 95% CI 0.1–0.7), and
originating from the Lazio region (OR = 0.1, 95% CI 0.05–0.4) were protective factors for infection. In
endemic areas, Leishmania infection should be investigated by using both serological and molecular
methods and cats should be protected from sandfly bites, particularly if they are FIV infected.

Keywords: Leishmania infantum; IFAT; epidemiology; risk factors; protective factors; qPCR

1. Introduction

Feline leishmaniosis is a worldwide infection caused by the parasite of the genus
Leishmania transmitted by sandflies of the genus Phlebotomus or Lutzomyia [1–3]. In Europe,
L. infantum is the causative agent of leishmaniosis in cats and sandflies of the genus Phle-
botomus are the principal vectors for transmission of parasites to cats [4]. While overall
there is no evidence of widespread increased incidence of autochthonous human leishman-
iosis by L. infantum in European countries [5], the infection is still considered emergent in
cats. Published case reports and epidemiological studies have reported infected cats in
most European countries in the last decades [6–19], including in areas where the infection
is not endemic in dogs and humans [15,16,18,20]. Integrated leishmaniosis surveillance
and reporting following the One Health approach needs to be enhanced to improve disease
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control [5] and larger cohorts of cats and vector studies are necessary to determine whether
felids may act as reservoirs or sentinels of human Leishmania infection [21].

In areas endemic for leishmaniosis, infection in cats is influenced by a number of differ-
ent factors, in particular a cat’s immunocompetence. A number of studies have identified
retrovirus coinfection as a risk factor for L. infantum infection in cats [12,15,22–25]. However,
many other factors can be related to infection in cats and are either risk or protective factors
for the infection. Infected cats can be healthy or unhealthy, with the latter showing signs not
pathognomonic for Leishmania infection such as weight loss, lymphadenomegaly, stomatitis
and dermatological or ocular signs [26–31]. Diagnosis can be challenging, not only because
clinical signs are not specific, but also because some cats are positive on molecular testing
but not on serological tests for L. infantum specific antibodies or vice versa. Due to the
complex epidemiology and diagnosis of this infection in cats [32–35], the role of cats in
disease epidemiology and its clinical impact is still debated. Our study aimed to update
the epidemiology of the infection in different feline population from various areas of Italy,
with particular focus on the risk or protective factors associated with infection.

2. Materials and Methods

From January 2020 to May 2023, a total of 1490 cats were investigated for L. infantum
infection, searching for specific feline immunoglobulin G (IgG) by means of immunoflu-
orescence antibody test (IFAT) and/or for parasite DNA by using quantitative real-time
PCR (qPCR) performed on blood samples and/or on popliteal lymph node aspirate. The
same cats were also tested for feline leukemia virus (FeLV) p27 antigen and antibody to
feline immunodeficiency virus (FIV) target antigens p24 and gp40 using a commercial rapid
enzyme-linked immunosorbent assay (ELISA) kit (SNAP® Combo Plus FeLV Ag/FIV Ab,
IDEXX Laboratories, Lenexa, TX, USA).

For each sampled cat, data were collected (where possible) on: date of sample collec-
tion, region of origin of the cat (Lombardy region in northern Italy, Lazio in central Italy,
Sicily in southern Italy), demographic data (age, gender, reproductive status, breed, hair
length), husbandry data, i.e., owned, shelter or stray colony cat, cohabitation with dogs,
possibility of outdoor access, prophylaxis against ectoparasites, and results of physical
examination. Cats were classified as apparently healthy or not and whether they were
affected by signs compatible with feline leishmaniosis (lymph node enlargement, skin
or ocular signs). Cats were grouped according to age as follows: kitten (younger than
12 months), adult (between 1 and 10 years) and senior (older than 10 years).

2.1. Ethical Considerations

Our study complied with current Italian legislation on research and was approved
and funded by the Italian Health Minister under the name of “FeliLeish”. All samples from
owned cats were collected for diagnostic purposes with oral informed consent obtained
from the owners of cats. Samples were collected from shelter and stray cats undergoing
spaying surgery for pre-operative profile tests or for diagnostic surveillance programs.
Only residual serum and EDTA blood was used in this study.

2.2. Immunofluorescence Antibody Test (IFAT)

Specific IgG antibodies to L. infantum were detected using IFAT following the OIE
Terrestrial Manual—Leishmaniosis protocol [36]. Leishmania promastigotes (WHO strain:
MHOM/IT/80/IPT1) were used as an antigen, fixed on multispot microscope slides (Bio-
Merieux, Marcy L’Etoile, France) in an acetone bath. The feline sera were prepared by
serial 2-fold dilutions (1:40 to 1:5120) in phosphate buffered saline (PBS; pH 7.2) and added
to the antigen-coated wells. The slides were incubated for 30 min at 37 ◦C. Positive and
negative controls were included in each series of analyzed samples. Fluoresceinated anti-cat
IgG antibody (working anti-feline Anti-Cat IgG (whole molecule)—FITC antibody pro-
duced in goat, Sigma Aldrich, St. Louis, MO, USA) was used (dilution 1:200 in PBS). The
slides were examined using a Leica DM 4000B fluorescence microscope (Leica, Heerbrugg,
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Switzerland). The cut-off value for positivity was set at 1:80, according to the most recent
recommendations on feline leishmaniosis [2] and on a study relative to diagnostic perfor-
mance of ELISA, IFAT and Western blot for the detection of anti-L. infantum antibodies in
cats [37].

2.3. Real-Time PCR (qPCR)

DNA was extracted from EDTA whole using a PureLink™ Genomic DNA Mini Kit
(Thermo Fisher Scientific K182002, Waltham, MA, USA), following the manufacturer’s
instructions. The real-time PCR was performed in a QuantStudio 3 (Life Technology,
Waltham, MA, USA) and carried out as described by Castelli et al. [38]. RT PCR was
conducted in 20 µL reactions containing 10 µL of SsoAdvanced Universal Probes Supermix
(Biorad, Hercules, CA, USA), 0.25 µM QLeish Probe, 0.3 µM of each primer and 2 µL of
extracted DNA at 10 ng/µL. A preparation of 10-fold serially diluted L. infantum parasite
DNA corresponding to 1 × 106 to 1 parasite per mL was used as a standard curve. The
thermal cycle was set as follows: initial denaturation for 10 min at 95 ◦C, 40 cycles of
denaturation for 15 s at 95 ◦C and annealing polymerization for 35 s at 60 ◦C.

2.4. Statistical Analysis

Statistical analysis was performed using a commercially available software program
(MedCalc Statistical Software version 20.106, MedCalc Software Ltd., Ostend, Belgium).
The data were analyzed using standard descriptive statistics. Categorical data were re-
ported as numbers and percentages, while numerical data (age, IFAT titer, DNA parasite
load) were reported as mean ± standard deviation (SD) or median and range, depending
on whether or not the data were normally distributed. Pearson’s correlation between
quantitative load of Leishmania DNA (both for qPCR on blood and on lymph node) and
IFAT titers were calculated. To identify possible risk and protective factors associated with
L. infantum infection, a univariate analysis was conducted and odds ratios (OR) with
95% confidence intervals (95% CI) were calculated for each variable statistically significant
linked to the infective status. Associations were described using a probability p-Value < 0.05
as statistically significant.

3. Results
3.1. Overall Infection Prevalence

Out of 1490 cats tested, 124 (8.3%, 95% CI 6.9–9.9) scored positive to L. infantum. Of
these, 96 out of 1460 cats tested with IFAT (6.6%) had specific L. infantum IgG, 18 out of
814 tested for parasite DNA (2.2%) were qPCR positive on blood and/or on lymph node,
and 10 out of 784 cats tested with both methods (1.3%) were both IFAT and qPCR positive
on blood and/or on lymph node.

Table 1 reports L. infantum specific test results in feline populations divided by origin
from the three Italian regions evaluated, and Figure 1 reports the number of samples tested
by different methods.

Table 1. Specific Leishmania infantum diagnostic tests performed in different feline populations from
three Italian regions.

Lombardy
n Positive/Total Tested (%)

Lazio
n (%)

Sicily
n (%)

Total
n (%)

IFAT 22/431 (5.1%) 4/257 (1.6%) 80/772 (10.4%) 106/1460 (7.3%)

qPCR on blood 6/443 (1.4%) Not performed 11/365 (3.0%) 17/808 (2.1%)

qPCR on lymph node 11/296 (3.7%) Not performed Not performed 11/296 (3.7%)

IFAT: indirect fluorescent antibody test; qPCR: quantitative polymerase chain reaction (real-time PCR).
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Figure 1. Number of samples tested for Leishmania infantum infection using different methods in
feline populations from three Italian regions. qPCR B: qPCR on blood; qPCR L: qPCR on lymph node.

The characteristics of the feline population evaluated and results of univariate analysis
of factors potentially associated with the infection are reported in Table 2. Exact age
was available for 747 cats that had a median of 2 years (range 2 months-20 years, 25◦–75◦

percentile 1–3.7 years). The 39 pure breed cats were 9 Siamese, 6 Persians, 5 British shorthair,
5 Exotic shorthair, 3 Ragdolls, 3 Siberians, 3 Scottish Folds, 2 Holy Birman, 2 Maine Coon
and 1 Bengal. Figure 2 summarizes prevalence of infection in the three Italian regions.

Table 2. Descriptive statistics of categorical variables relative to different feline populations from Italy
for cats infected and uninfected with Leishmania infantum. In bold are significant p-Values (<0.05).

Parameter
n = Number of Subjects for
Which Data Were Available

Variables
L. infantum

Infected
n. (%)

L. infantum
Uninfected

n. (%)
x2 and p-Value

Sampling season
n = 1485

Spring 42 (2.8) 668 (44.9) x2 = 10.58 p = 0.0012

Summer 8 (0.5) 222 (14.9) x2 = 8.4 p = 0.0037

Autumn 28 (1.8) 264 (17.7) x2 = 0.7 p = 0.3934

Winter 46 (3.1) 207 (13.9) x2 = 38.4 p < 0.0001

Region of origin
n = 1490

Lombardy 36 (2.4) 422 (28.3) x2 = 0.18 p = 0.6673

Lazio 4 (0.2) 253 (16.9) x2 = 18.6 p < 0.0001

Sicily 84 (5.6) 691 (46.3) x2 = 13.3 p = 0.0003

Habitat
n = 1004

Stray 37 (3.6) 633 (63.0) x2 = 1.48 p = 0.2237

Shelter 10 (1.0) 87 (8.6) x2 = 3.16 p = 0.0753

Owned 15 (1.4) 222 (22.1) x2 = 0.013 p = 0.9104

Breed
n = 789

European 43 (5.4) 707 (89.6)
x2 = 0.25 p = 0.6109

Other 3 (0.3) 36 (4.5)

Hair length
n = 789

Short hair 44 (5.5) 718 (91.0)
x2 = 0.1 p = 0.7221

Medium/long hair 2 (0.2) 25 (3.1)
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Table 2. Cont.

Parameter
n = Number of Subjects for
Which Data Were Available

Variables
L. infantum

Infected
n. (%)

L. infantum
Uninfected

n. (%)
x2 and p-Value

Gender n = 995
Male 35 (3.5) 407 (40.9)

x2 = 5.6 p = 0.0176
Female 24 (2.4) 529 (53.1)

Reproductive status
n = 995

Neutered 13 (1.3) 206 (20.7)
x2 = 0.00 p = 0.9964

Intact 46 (4.6) 730 (73.3)

Age
n = 919

Kitten 14 (1.5) 324 (35.2) x2 = 1.49 p = 0.2210

Adult 33 (3.5) 466 (50.7) x2 = 3.5 p = 0.0596

Senior 2 (0.2) 80 (8.7) x2 = 1.49 p = 0.2220

Lifestyle
n = 600

Indoor 4 (0.6) 99 (16.5) x2 = 2.5 p = 0.1131

Outdoor 40 (6.6) 409 (68.1) x2 = 3.8 p = 0.0488

Indoor/outdoor 2 (0.3) 46 (7.6) x2 = 0.9 p = 0.3424

Prophylaxis against
ectoparasites

n = 537

Regular 5 (0.9) 82 (15.2) x2 = 0.7 p = 0.3967

Irregular 10 (1.8) 256 (47.6) x2 = 0.15 p = 0.6962

None 7 (1.3) 177 (32.9) x2 = 0.06 p = 0.8052

Cohabitation with dogs
n = 827

Yes 2 (0.2) 15 (1.8)
x2 = 0.8 p = 0.3625

No 51 (6.1) 759 (91.7)

Moving from the place of
residence n = 408

Yes 3 (0.7) 75 (18.3)
x2 = 0.7 p = 0.3762

No 7(1.7) 323 (79.1)

Unhealthy
n = 533

Yes 5 (0.9) 106 (19.8)
x2 = 0.2 p = 0.6396

No 15 (2.8) 407 (76.3)

Clinical status
n = 533

Weight loss n = 374 3 (0.8) 46 (12.3) x2 = 0.6 p = 0.4196

Lymphadenomegaly
n = 523 2 (0.3) 19 (3.6) x2 = 2.16 p = 0.1412

Cutaneous signs
n = 524 3 (0.5) 53 (10.1) x2 = 0.5 p = 0.4638

Ocular signs n = 527 0 (0.0) 39 (7.4) x2 = 1.5 p = 0.2099

FIV
n = 1024

Seropositive 14 (1.3) 82 (8.0)
x2 = 6.7 p = 0.0094

Seronegative 66 (6.4) 862 (84.1)

FeLV
n = 1024

Seropositive 7 (0.6) 57 (5.5)
x2 = 0.9 p = 0.3362

Seronegative 73 (7.1) 887 (86.6)

FIV + FeLV
n = 1024

Seropositive 2 (0.2) 7 (0.6)
x2 = 2.6 p = 0.1058

Seronegative 78 (7.6) 937 (91.5)

FIV: feline immunodeficiency virus; FeLV: feline leukemia virus.

Risk factors for overall infection were: origin from the Sicily region (OR = 2.0,
95% CI 1.3–3.0), male gender (OR = 1.8, 95% CI 1.1–3.2), outdoor lifestyle (OR = 2.3,
95%CI 0.9–5.6) and seropositivity for FIV antibodies (OR = 2.2, 95% CI 1.2–4.2), while origin
from the Lazio region (OR = 0.1, 95% CI 0.05–0.4) was a protective factor for infective status.
A significant association was found between L. infantum overall infection and sampling in
winter (OR = 3.2, 95% CI 2.2–4.8), spring (OR = 0.5, 95% CI 0.3–0.7) and summer (OR = 0.3,
95% CI 0.1–0.7).
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In Table 3, the 124 L. infantum positive samples are divided by results for the three
specific exams performed, i.e., IFAT, qPCR on blood and qPCR on popliteal lymph node
aspirate. Figure 3 reports percentages of positive results according to more than one assay.
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Table 3. Results of different tests performed in 124 Leishmania infantum infected cats from Italy.

Positivity to Tests for L. infantum n %

Only IFAT 96 77.4

IFAT + qPCR on lymph node 2 1.5

IFAT + qPCR on blood 8 6.5

Only qPCR on lymph node 9 7.3

Only qPCR on blood 9 7.3

qPCR on blood + on lymph node 0 0.0
IFAT: Indirect fluorescent antibody test; qPCR: quantitative real-time polymerase chain reaction.

Overall qPCR positive results and IFAT seropositivity were statistically significantly
associated (p < 0.0001), both IFAT with qPCR on blood samples (p < 0.0001) and IFAT
with qPCR positivity on popliteal lymph node aspirates (p = 0.0393). Specifically, a qPCR
positive cat had an OR = 9.9 (95% CI = 4.2–23) to be also IFAT seropositive, with OR = 17.8
(95% CI = 6.1–51.3) to be IFAT positive for a cat with positive qPCR on blood and OR = 4.8
(95% CI = 0.9–24.7) to be IFAT positive for a cat with positive qPCR on popliteal lymph
node aspirate. No significant correlation was found between the antibody titer and the
Leishmania parasite load (Pearson r: 0.05; p = 0.6196).
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Figure 3. Percentages of positive results according to more than one assay in 124 Leishmania infantum
infected cats from Italy. B: blood; L: lymph node; qPCRs: positive results by combining qPCR on
blood and on lymph node.

Results were also analyzed considering only samples tested by IFAT and only by
qPCR, as described below.

3.2. Seroprevalence

Relative to serological analysis, 1354/1460 (92.7%) cats tested by IFAT were seronega-
tive (of which 115 were seroreactive with an antibody titer of 1:40), 106/1460 (7.3%) were
seropositive (antibody titer ≥ 1:80), and specifically 70 cats had antibody titers of 1:80,
25 of 1:160, 5 of 1:320, 2 of 1:640, 1 of 1:1280, 2 of 1:2560 and 1 of 1:5120. Median antibody
titer was 1:80, with a range 1:80–1:5120, and a 25◦–75◦ percentile of 1:80–1:160 (Figure 4).
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Figure 4. Box and whisker plot reporting L. infantum antibody titers in 106 IFAT seropositive cats
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Table 4 reports the characteristics of the feline population analyzed by IFAT and results
of univariate analysis of factors statistically significantly associated with seropositivity.
Origin from the Sicily region (OR = 2.9, 95% CI 1.8–4.6), FIV seropositivity (OR = 2.1,
95% CI 1.04–4.1), male gender (OR = 1.9, 95% CI 1.02–3.5) and adult age (OR = 2.6,
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95% CI 1.1–5.8) were risk factors for seropositivity for specific L. infantum antibodies, while
origin from the Lombardy (OR = 0.6, 95% CI 0.3–0.9) and Lazio (OR = 0.17,
95% CI 0.06–0.4) regions were protective factors for L. infantum seropositivity. A significant
association was found between L. infantum infection detected by IFAT and sampling in the
winter (OR = 4.3, 95% CI 2.8–6.5), spring (OR = 0.6, 95% CI 0.4–0.9) and summer (OR = 0.3,
95% CI 0.1–0.7) seasons.

Table 4. Descriptive statistics of categorical variables of 1460 cats from different feline populations in
Italy that were seropositive and seronegative at indirect fluorescent antibody test (IFAT) for specific
Leishmania infantum antibodies. In bold are significant p-Values (<0.05).

Parameter
n = Number of Subjects for
Which Data Were Available

Variables IFAT Seropositive
n. (%)

IFAT Seronegative
n. (%) x2 and p-Value

Sampling season
n = 1455

Spring 39 (2.6) 662 (45.5) x2 = 5.9 p = 0.0149

Summer 6 (0.4) 221 (15.1) x2 = 8.5 p = 0.0034

Autumn 16 (1.1) 270 (18.5) x2 = 1.5 p = 0.2198

Winter 45 (3.0) 196 (13.4) x2 = 55.4 p < 0.0001

Region of origin
n = 1460

Lombardy 22 (1.5) 409 (28.0) x2 = 4.2 p = 0.0400

Lazio 4 (0.2) 253 (17.3) x2 = 15.06 p = 0.0001

Sicily 80 (5.4) 692 (47.4) x2 = 23.4 p < 0.0001

Habitat
n = 975

Stray 24 (2.4) 635 (65.1) x2 = 3.5 p = 0.0586

Shelter 6 (0.6) 89 (9.1) x2 = 0.7 p = 0.3731

Owned 14 (1.4) 207 (21.2) x2 = 2.1 p = 0.1381

Breed
n = 760

European 28 (3.6) 698 (91.9)
x2 = 0.3 p = 0.5535

Other 2 (0.2) 32 (4.2)

Hair length
n = 760

Short hair 28 (3.6) 706 (92.8)
x2 = 0.994 p = 0.3187

Medium/long hair 2 (0.2) 24 (3.1)

Gender
n = 968

Male 25 (2.5) 402 (41.5)
x2 = 4.2 p = 0.0398

Female 17 (1.7) 524 (54.1)

Reproductive status
n = 968

Neutered 9 (0.9) 199 (20.5)
x2 = 0.0 p = 0.9924

Intact 33 (3.4) 727 (75.1)

Age
n = 891

Kitten 7 (0.7) 321 (36.0) x2 = 3.1 p = 0.0745

Adult 24 (2.6) 460 (51.3) x2 = 5.7 p = 0.0168

Senior 1 (0.11) 78 (8.7) x2 = 1.3 p = 0.2448

Lifestyle
n = 575

Indoor 4 (0.7) 88 (15.3) x2 = 0.3 p = 0.5317

Outdoor 27 (4.7) 411 (71.4) x2 = 0.6 p = 0.4335

Indoor/outdoor 2 (0.3) 43 (7.4) x2 = 0.15 p = 0.6976

Prophylaxis against
ectoparasites

n = 512

Regular 5 (0.9) 77 (15.0) x2 = 1.9 p = 0.1664

Irregular 7 (1.3) 250 (48.8) x2 = 0.9 p = 0.3292

None 6 (1.1) 167 (32.6) x2 = 0.00 p = 0.9668

Cohabitation with dogs
n = 805

Yes 2 (0.2) 13 (1.6)
x2 = 2.9 p = 0.0852

No 33 (4.1) 757 (94.0)

Moving from the place of
residence n = 394

Yes 3 (0.7) 69 (17.5)
x2 = 0.9 p = 0.3317

No 7 (1.7) 315 (79.9)
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Table 4. Cont.

Parameter
n = Number of Subjects for
Which Data Were Available

Variables IFAT Seropositive
n. (%)

IFAT Seronegative
n. (%) x2 and p-Value

Unhealthy
n = 512

Yes 4 (0.7) 100 (19.5)
x2 = 0.2 p = 0.6362

No 12 (2.3) 396 (77.3)

Clinical status
n = 512

Weight loss n = 358 2 (0.5) 45 (12.5) x2 = 0.06 p = 0.8064

Lymphadenomegaly
n = 502 2 (0.4) 19 (3.7) x2 = 2.8 p = 0.0916

Cutaneous signs
n = 503 3 (0.6) 50 (9.9) x2 = 1.1 p = 0.2773

Ocular signs n = 506 0 (0.0) 36 (7.1) x2 = 1.2 p = 0.2611

FIV
n = 1001

Seropositive 11 (1.1) 85 (8.4)
x2 = 4.5 p = 0.0330

Seronegative 53 (5.2) 852 (85.1)

FeLV
n = 1001

Seropositive 6 (0.6) 58 (5.7)
x2 = 1.0 p = 0.3138

Seronegative 58 (5.7) 879 (87.8)

FIV + FeLV
n = 1001

Seropositive 2 (0.2) 7 (0.7)
x2 = 3.7 p = 0.0513

Seronegative 62 (6.1) 930 (92.9)

FIV: feline immunodeficiency virus; FeLV: feline leukemia virus.

3.3. qPCR Prevalence

Results were analyzed only considering qPCR analysis, as reported in Table 5. A total
of 814 samples were analyzed by qPCR and 28 (3.4%) were positive. Out of 808 blood sam-
ples analyzed, 17 (2.1%) were qPCR positive, while of 296 lymph node aspirates analyzed,
11 (3.7%) were positive. Median parasite DNA content in blood was 20 Leishmania/mL (range:
5–84,400, 25◦–75◦ percentile: 9–123 Leishmania/mL, Figure 5), while median DNA parasite load
in popliteal lymph node aspirate was 25 Leishmania/mL (range 6–60 Leishmania/mL, 25◦–75◦

percentile 15–34 Leishmania/mL, Figure 6).

Table 5. Descriptive statistics of categorical variables relative to 814 cats belonging to different
feline populations in Italy that were positive and negative for Leishmania infantum DNA tested with
quantitative PCR (qPCR, real-time PCR) on blood and/or on popliteal lymph node aspirate. In bold
are significant p-Values (<0.05).

Parameter
n = Number of Subjects

for Which Data Were Available
Variables

qPCR
Positive
n. (%)

qPCR
Negative

n. (%)
x2 and p-Value

Sampling season
n = 814

Spring 4 (0.4) 326 (40.0) x2 = 8.2 p = 0.0040

Summer 2 (0.2) 140 (17.2) x2 = 2.1 p = 0.1440

Autumn 20 (2.4) 206 (25.3) x2 = 27.5 p < 0.0001

Winter 2 (0.2) 114 (14.0) x2 = 1.1 p = 0.2738

Region of origin
n = 814

Lombardy 17 (2.0) 432 (53.0) x2 = 0.3 p = 0.5478

Lazio 0 (0.0) 0 (0.0) -

Sicily 11 (1.3) 354 (43.4) x2 = 0.3 p = 0.5478

Habitat
n = 629

Stray 18 (2.8) 345 (54.8) x2 = 3.0 p = 0.0807

Shelter 4 (0.6) 80 (12.7) x2 = 0.2 p = 0.6270

Owned 2 (0.3) 180 (28.6) x2 = 5.1 p = 0.0234
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Table 5. Cont.

Parameter
n = Number of Subjects

for Which Data Were Available
Variables

qPCR
Positive
n. (%)

qPCR
Negative

n. (%)
x2 and p-Value

Breed
n = 488

European 18 (3.6) 432 (88.5)
x2 = 0.17 p = 0.6757

Other 1 (0.2) 37 (7.5)

Hair length
n = 488

Short hair 19 (3.8) 443 (90.7)
x2 = 1.1 p = 0.2920

Medium/long hair 0 (0.0) 26 (5.3)

Gender
n = 640

Male 11 (1.7) 307 (47.9)
x2 = 0.14 p = 0.7005

Female 13 (2.0) 309 (48.2)

Reproductive status
n = 640

Neutered 5 (0.7) 158 (24.6)
x2 = 0.2 p = 0.5955

Intact 19 (2.9) 458 (71.5)

Age
n = 592

Kitten 9 (1.5) 173 (29.2) x2 = 1.9 p = 0.1602

Adult 10 (1.6) 323 (54.5) x2 = 0.3 p = 0.5668

Senior 1 (0.1) 76 (12.8) x2 = 1.17 p = 0.2792

Lifestyle
n = 511

Indoor 0 (0.0) 98 (19.1) x2 = 4.6 p = 0.0306

Outdoor 19 (3.7) 350 (68.4) x2 = 7.5 p = 0.0059

Indoor/outdoor 0 (0.0) 44 (8.6) x2 = 1.8 p = 0.1731

Prophylaxis against
ectoparasites

n = 244

Regular 0 (0.0) 54 (22.1) x2 = 1.15 p = 0.2833

Irregular 3 (1.2) 122 (50) x2 = 0.9 p = 0.3386

None 1 (0.4) 64 (26.2) x2 = 0.00 p = 0.9405

Cohabitation with dogs
n = 547

Yes 0 (0.0) 16 (2.99
x2 = 0.7 p = 0.3954

No 23 (4.2) 508 (92.8)

Moving from the place of
residence

n = 141

Yes 0 (0.0) 42 (29.7)
-

No 0 (0.0) 99 (70.2)

Unhealthy
n = 303

Yes 1 (0.3) 107 (35.3)
x2 = 0.5 p = 0.4622

No 4 (1.3) 191 (63.0)

Clinical status
n = 303

Weight loss n = 148 1 (0.6) 46 (31.0) x2 = 0.00 p = 0.9529

Lymphadenomegaly
n = 295 0 (0.0) 20 (6.7) x2 = 0.2 p = 0.5877

Cutaneous signs
n = 295 0 (0.0) 55 (18.6) x2 = 0.9 p = 0.3359

Ocular signs n = 299 0 (0.0) 38 (12.7) x2 = 0.5 p = 0.4431

FIV
n = 664

Seropositive 3 (0.4) 74 (11.1)
x2 = 0.00 p = 0.9925

Seronegative 23 (3.4) 564 (84.9)

FeLV
n = 664

Seropositive 3 (0.4) 29 (4.3)
x2 = 2.6 p = 0.1029

Seronegative 23 (3.4) 609 (91.7)

FIV + FeLV
n = 664

Seropositive 0 (0.0) 7 (1.0)
x2 = 0.2 p = 0.5916

Seronegative 26 (3.9) 631 (95.0)

FIV: feline immunodeficiency virus; FeLV: feline leukemia virus.

Outdoor lifestyle (OR = 15.8, 95% CI 0.9–264.3) was a risk factor for a positive qPCR,
while being an owned (OR = 0.2, 95% CI 0.04–0.9), or indoor (OR = 0.1, 95% CI 0.006–1.7) cat
was a protective factor. A significant association was found between L. infantum infection
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detected by qPCR and sampling in autumn (OR = 7.03, 95% CI 3.05–16.2) and in spring
(OR = 0.2, 95% CI 0.08–0.6).
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4. Discussion

Leishmaniosis in domestic cats (Felis catus) was first described in 1912 in Algeria
in a cat living with a dog and a child, both infected with L. infantum [39]. Since then,
FeL has been reported worldwide but is most frequently found in Mediterranean areas,
where it is still considered an emerging feline disease. In cats, the antibody prevalence
against L. infantum in the Mediterranean area varies from 1.29% to 60% in client-owned
cats from central and southern Spain, respectively [12,40], while prevalence of positive
PCR on blood varies between 0% in colony stray cats in northern Italy [15] and in central
Spain [41] to 28.36% in client-owned cats from northwestern Italy [11]. Therefore L. infantum
infection prevalence in cats is subject to great variability across geographical areas and this
variability in the data depends on the different methods used for FeL diagnosis and on
the type of the feline population studied. Furthermore, the diagnostic methods employed
often differ in protocols, for example, using different cut-off values for the serological tests
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for specific L. infantum antibodies or for different biological samples or PCR targets used.
Finally, serological and molecular tests are rarely used simultaneously in the same animal
population for the diagnosis of FeL, limiting the overall information on the presence of
infection in the surveyed cats.

In Italy, leishmaniosis is considered endemic in south and central Italy and in the
islands. In the last 20 years, sand fly vectors as well as human and canine Leishmania
infections have been detected in northern Italy, traditionally classified as a cold area
unsuitable for sand fly survival [42,43]. Today, human and animal leishmaniosis is endemic
throughout the Italian peninsula, showing an increasing gradient from north to south
and showing the highest incidence in Sicily [44,45]. Bruno et al. [45] used a One Health
approach, integrating human and animal data, to assess and map the risk of endemic
transmission of Leishmania in Sicily, and found positive associations between human cases,
infected reservoir hosts and vector spatial distribution.

Data showed that, in the north of the country the number of dogs and cats that
are seropositive for L. infantum has increased in the last decade, showing a progressive
spread from the endemic southern regions towards the northern regions, making the
entire Italian peninsula endemic for Leishmania infection today [42–44,46]. Two previously
published studies have already evaluated cats from different regions in Italy for L. infantum
infection [17,19]. The first one, by Iatta et al., was published in 2019 [17] and showed
both serological and molecular prevalence lower than our results, of 3.3% (88/2659) and
0.8% (22/2659) respectively. Although that study was conducted, like ours, on cats from
northern, central and southern Italy, the lack of the PCR examination on lymph nodes
may have resulted in an underestimation of the infection prevalence. Furthermore, the
cats recruited in that study were all owned cats which, unlike stray and shelter feline
populations, are less exposed to vector ectoparasites, especially in highly endemic areas [9].
The second nationwide published study was a molecular survey of vector-borne pathogens
and hemoplasmas in owned cats across Italy that was published one year later, in 2020 [19].
In that study, the DNA molecular prevalence for L. infantum in blood samples was 3.2%
(31/958), therefore higher than our molecular prevalence of 2.1% in blood samples. This
difference can be explained by the fact that, in that study, feline blood samples came from
veterinary analytical laboratories and were collected during an animal’s health check-up,
making it more likely that samples were from unhealthy cats and increasing the possibility
that these cats would be Leishmania infected.

Stray colony cats from urban areas of the city of Milan and the suburbs of the Lombardy
region in northern Italy have been monitored for L. infantum infection by our research group
since in 2008, with the publication of three epidemiological studies [15,16,18]. Since the
present study evaluates 229 cats from a stray population in the suburbs of Milan, we can
compare the seroprevalence rate between these studies. This shows a decrease from 9.0%
(21/233) in the years 2008–2010 [15] to 5.5% (12/218) in the current study. Conversely,
the PCR detection rate on blood samples increased from 0% (0/233) in 2008–2010 [15] to
2.2% (5/225) in this study, or to 5.2% if we add the results of qPCR analysis on lymph
nodes (7 cats positive from 229 analyzed). Lymph nodes were also evaluated in our
previous study with a prevalence of infection increase from 1.1% [16] in 2014, to 4.4% in
2016–2018 [18]. The spread of leishmaniosis in Italy, as in the rest of Europe, depends on a
number of factors, including global warming, that affect the ecology and distribution of
phlebotomine vectors, and anthropogenic risk factors such as migration, travel, and animal
trade [47]. Therefore, another possible explanation for the increasing molecular prevalence
of infection in the northern Italian feline population investigated in our study could be
the spread of the sandfly vectors in the northern region of Italy in the last few years as a
result of climate change. This has been shown by different entomological studies that have
documented sandfly vectors of Leishmania in many areas of northern Italy [42,48]. It should
also be remembered that some studies [49,50] have identified the L. infantum genome in
ectoparasites such as ticks. Ticks are widely spread in stray feline populations, which in
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Italy do not receive any prophylaxis against ecto- and endoparasites. However, the role of
ticks in the transmission of Leishmania has yet to be fully determined.

The Italian regional incidence of human leishmaniosis cases in 2011–2016 was above
the national average (0.70 cases per 100,000 population) in the Sicily (1.93), Liguria (1.59),
the island of Sardinia (1.09), Emilia–Romagna (1.04), Lazio (0.84), Campania (0.80), Calabria
(0.78) and Tuscany (0.74) regions [5]. Given these data, it is surprising that cats from the
Lazio region evaluated in our study showed the lowest seroprevalence for antibodies
against L. infantum and origin from this Italian region was a protective factor for infective
status. In central Italy, feline leishmaniosis has been poorly investigated and only recently,
in a congress abstract published in 2022 [51], the FeL epidemiology of the Lazio region
was evaluated, testing a total of 200 feline serum and blood samples collected from cats
admitted at a veterinary research laboratory as routine controls. Specific IgG antibodies
against L. infantum were found in 4 of 200 (2%) tested cats, with antibody titers ranging
from 1:40 (3/200) to 1:80 (1/200). Therefore, only one cat showed an antibody titer equal to
1:80, the cut-off for seropositivity used in our study, with an overall seroprevalence of 0.5%.
This seroprevalence is lower than in our data, but together with our results confirmed a
low seroprevalence of the infection in cats from this region. Molecular investigations in this
population are still ongoing and will serve to better clarify the epidemiological picture of
FeL in Lazio and to confirm whether the infection is really present at such a low prevalence
in this region.

Our study confirmed the highest prevalence of FeL in the Sicily region in southern Italy,
as reported by recent published studies [9,45,52]. This region has the highest endemicity
for animal leishmaniosis and highest incidence of human infection among the Italian
regions [5,45]. Originating from the Sicily region was a risk factor for seropositivity for
antibodies against L. infantum, but not for qPCR positivity. This can be explained by the fact
that cats from Sicily were not surveyed for parasite DNA in lymph node samples, which is
a more sensitive test for detection of Leishmania DNA in infected cats and in other species
such as dogs [53,54].

Several studies in recent years on FeL in cats have analyzed various risk factors that
could increase the susceptibility to infection in this species. Among the factors investigated,
most research has been done on the co-infections of Leishmania spp. and other pathogens,
and among those found to be significant are infections with Toxoplasma gondii and Neospora
caninum [55], feline coronavirus (FCoV) [16], hemotropic mycoplasmas [11], FIV [15,22–24,56]
and FeLV [12,24,25]. FIV seropositivity was found to be a risk factor for FeL infection in
our study, but only for overall infective status and seropositivity for L. infantum antibodies,
and not for the presence of parasite DNA. FIV seropositive cats had a 2.1-fold higher risk
of being L. infantum antibody positive. The significant association between L. infantum and
FIV infection found in our study has previously been reported [11,15,17,22–24,56–58]. In
particular, as previously demonstrated [57], in our study FIV seropositive cats were
more likely to be L. infantum seropositive at IFAT, while the same is not true if we
consider only Leishmania qPCR positivity. This could be due to the lower number of qPCR-
positive cats (n = 28) when compared to IFAT positive samples (n = 106). Consequently,
results concerning association between FIV and qPCR in our study should be interpreted
with caution, and a larger sample size should be assessed to confirm the association that
was evident in previous studies [17,56]. The association in this study between FIV and
L. infantum seropositivity confirms that immunosuppressive agents, such as the FIV virus,
could impair the cellular immune response, thereby increasing the risk of contracting the
infection and developing clinical signs of FeL. FIV and L. infantum co-infections could
predispose animals to visceral forms or to more generalized forms of the infection, as
a consequence of viral immunosuppression, exactly as recognized in HIV seropositive
patients [59]. The protective immune response against Leishmania parasites is mediated by
CD4+ T helper1 (Th1) lymphocytes. Consequently, all agents that induce suppression of the
CD4+ T lymphocyte-mediated immune response, such as FIV infection, can be considered
risk factors for Leishmania infection. However, it should be borne in mind that the presence
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of FIV alone is not a sufficient marker to demonstrate immunodeficient status; this requires
additional immunological tests. In this study, the stage of FIV infection was not assessed
with immunological markers, and this is a limitation shared with all field studies that have
so far investigated the association between FIV and L. infantum infection [57]. Adaptive
humoral and cell-mediated immune response is elicited by L. infantum feline infection, but
no difference was found in FIV seropositive cats in a study evaluating the ex vivo blood
production of L. infantum- specific IFN-γ [60].

Sampling in winter was significantly associated with a higher overall L. infantum
infection prevalence, in particular for seropositive cats, and this can be explained by the
time necessary to mount detectable antibodies levels in cats infected during the season
of activity of the sandfly vectors. Sampling in autumn was instead associated with qPCR
positivity, and this could be due to the presence of parasite DNA soon after the sandfly bite.
On the contrary, significantly fewer cats were L. infantum seropositive in spring and summer,
and fewer were qPCR positive when sampled in spring. Again, these results could arise
from the fact that the activity of sand fly vectors begins in spring and summer, therefore
cats could not already have mounted a detectable antibody level nor have parasite DNA in
blood or in the reticuloendothelial system in these seasons. However, this explanation is
only speculative, as we do not know when the cats in our study contracted the infection
during the four year time frame of investigation and we have no information on the
distribution of sand fly vectors during the years and months in the studied areas.

Male gender was a risk factor for overall and, in particular, for IFAT positivity; adult
age was a risk factor only for IFAT seropositivity, while outdoor lifestyle was a risk factor
for qPCR positivity. Adult age has previously been reported as a risk factor for feline
L. infantum positivity [24,56,61,62], with adult cats being more frequently infected. Males
were positive more often than females in other studies detecting a significant sex difference
in L. infantum positivity of cats [23,62,63]. These factors demonstrate the importance of
increased frequency and time of the exposure to environments where the sandfly vector
is found in endemic areas where no preventative measures are implemented. This could
represent a risk factor that increases the risk for Leishmania infection. In fact, to be an owned
indoor cat was a protective factor for parasitemia and qPCR positivity.

Neither the clinical status nor any of the clinical signs considered in our study were
associated with infective status and this could be due to the fact that most infected cats
were asymptomatic [1,11].

A significant association was found between IFAT and qPCR positivity in infected
cats, which shows that cats that test positive for qPCR have an 11-fold greater chance of
being seropositive for L. infantum IgG on the IFAT test. This association was significant only
for blood PCR (OR = 20.0, 95% CI = 6.6–60.5, p < 0.0001). Therefore, cats with generalized
infection, i.e., those in which Leishmania parasites were found in the reticuloendothelial
system, such as in lymph node tissue, were not always seropositive for antibodies against
Leishmania. This underlines the point that as many techniques as possible should be applied
to identify infected subjects. When molecular techniques such as PCR are used, these should
be applied to as many substrates as possible, and in particular those with high sensitivity
for detecting infection, such as lymph node and/or bone marrow [54]. However, in contrast
to what was previously found in canine leishmaniosis [53], no significant correlation was
found between IFAT antibody titer and parasite load at qPCR, and this could due to the
small numbers of cats that were tested and found to be positive with qPCR in blood and on
lymph node.

This study has some limitations. The first one is that large cross-sectional studies
such as our study are often based on routinely collected samples. This means that history
and clinical findings data can be incomplete and do not provide information on some
confounding factors. The lack of some data precluded the study of some factors associated
with the infection, most notably in feline stray colony populations in which history is often
lacking. The absence of PCR analysis on the samples from the Lazio region, as well as
the failure to analyze the lymph node tissue in Sicilian cats with PCR techniques, may
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have led to an underestimation of the infection prevalence in these regions. The lack of
molecular methods in some cats may not have allowed the diagnosis of infection, since
resistant animals, or those in the first phase of the infection, will be negative to the IFAT test,
but could have a positive PCR test [10]. In addition, lack of many data on the same feline
population precluded the possibility of running a multivariate logistic regression analysis
of factors that were associated with L. infantum infection at univariate analysis. Finally, we
did not consider other covariables that could have affected our results, such as the presence
of Leishmania reservoirs and vectors and human and canine cases of leishmaniosis.

5. Conclusions

As previously reported [64], we found that when multiple tests are used in endemic
areas to assess the prevalence of infection with L. infantum in cats, the combination of results
from molecular and serological methods increases diagnostic sensitivity. Therefore, both
molecular and serological tests should be performed for the diagnosis of FeL, especially in
endemic areas, regardless of the presence or absence of clinical signs. To reduce the risk
of Leishmania infection in feline populations in endemic areas, cats should be protected
against the bite of sandfly vectors, which is of particular importance in FIV infected cats.

Author Contributions: Conceptualization. E.S., F.B., G.C., F.V. and D.P.; methodology F.B., G.C.
and L.B.; validation. F.B., G.C., L.B. and E.S.; formal analysis. E.S., L.B., R.P., A.R., F.L.R. and S.A.;
investigation E.S., F.B., R.P., G.C., F.V., S.A., A.M., V.B. and D.P.; resources. E.S., F.V. and D.P.; data
curation. E.S. and L.B.; writing—original draft preparation. E.S.; writing—review and editing.
E.S., F.B., R.P., G.C., F.V., S.A., F.L.R., A.M., V.B., A.R. and D.P.; supervision. F.V. and D.P.; project
administration. E.S., F.B. and G.C.; funding acquisition. F.V., F.B., G.C. and D.P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Ministero della Salute, Ricerca Corrente, Grant n. RC IZS SI
08/20.

Institutional Review Board Statement: Ethical review and approval were waived due to the fact
that every clinical assessment and procedure were necessary and performed in the interest of
patients’ health.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data included in this study are available on reasonable request
by contacting the corresponding author. Results of this research were presented in part at the 2023
International Society of Feline Medicine (ISFM) Feline Congress, 29 June–2 July 2023, Dublin, Ireland.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pennisi, M.G.; Hartmann, K.; Lloret, A.; Addie, D.; Belák, S.; Boucraut-Baralon, C.; Egberink, H.; Frymus, T.; Gruffydd-Jones, T.;

Hosie, M.J.; et al. Leishmaniosis in cats: ABCD guidelines on prevention and management. J. Feline Med. Surg. 2013, 15, 638–642.
[CrossRef]

2. Pennisi, M.G.; Cardoso, L.; Baneth, G.; Bourdeau, P.; Koutinas, A.; Miró, G.; Oliva, G.; Solano-Gallego, L. LeishVet update and
recommendations on feline leishmaniosis. Parasit. Vectors 2015, 8, 302. [CrossRef]

3. Soares, C.S.A.; Duarte, S.C.; Sousa, S.R. What do we know about feline leishmaniosis? J. Feline Med. Surg. 2015, 18, 435–442.
[CrossRef] [PubMed]

4. Maroli, M.; Pennisi, M.G.; Di Muccio, T.; Khoury, C.; Gradoni, L.; Gramiccia, M. Infection of sandflies by a cat naturally infected
with Leishmania infantum. Vet. Parasitol. 2007, 145, 357–360. [CrossRef] [PubMed]

5. Maia, C.; Conceição, C.; Pereira, A.; Rocha, R.; Ortuño, M.; Muñoz, C.; Jumakanova, Z.; Pérez-Cutillas, P.; Özbel, Y.; Töz, S.; et al.
The estimated distribution of autochthonous leishmaniasis by Leishmania infantum in Europe in 2005–2020. PLoS Negl. Trop. Dis.
2023, 17, e0011497. [CrossRef] [PubMed]

6. Ozon, C.; Marty, P.; Pratlong, F.; Breton, C.; Blein, M.; Lelièvre, A.; Haas, P. Disseminated feline leishmaniosis due to
Leishmania infantum in Southern France. Vet. Parasitol. 1998, 75, 273–277. [CrossRef] [PubMed]

7. Poli, A.; Abramo, F.; Barsotti, P.; Leva, S.; Gramiccia, M.; Ludovisi, A.; Mancianti, F. Feline leishmaniosis due to Leishmania infantum
in Italy. Vet. Parasitol. 2002, 106, 181–191. [CrossRef] [PubMed]

8. Diakou, A.; Papadopoulos, E.; Lazarides, K. Specific anti-Leishmania spp. antibodies in stray cats in Greece. J. Feline Med. Surg.
2009, 11, 728–730. [CrossRef]

https://doi.org/10.1177/1098612X13489229
https://doi.org/10.1186/s13071-015-0909-z
https://doi.org/10.1177/1098612X15589358
https://www.ncbi.nlm.nih.gov/pubmed/26116620
https://doi.org/10.1016/j.vetpar.2006.11.009
https://www.ncbi.nlm.nih.gov/pubmed/17174035
https://doi.org/10.1371/journal.pntd.0011497
https://www.ncbi.nlm.nih.gov/pubmed/37467280
https://doi.org/10.1016/S0304-4017(97)00174-X
https://www.ncbi.nlm.nih.gov/pubmed/9637231
https://doi.org/10.1016/S0304-4017(02)00081-X
https://www.ncbi.nlm.nih.gov/pubmed/12062507
https://doi.org/10.1016/j.jfms.2008.01.009


Pathogens 2023, 12, 1351 16 of 18

9. Persichetti, M.F.; Pennisi, M.G.; Vullo, A.; Masucci, M.; Migliazzo, A.; Solano-Gallego, L. Clinical evaluation of outdoor cats
exposed to ectoparasites and associated risk for vector-borne infections in southern Italy. Parasites Vectors 2018, 11, 136. [CrossRef]

10. Otranto, D.; Napoli, E.; Latrofa, M.S.; Annoscia, G.; Tarallo, V.D.; Greco, G.; Lorusso, E.; Gulotta, L.; Falsone, L.; Basano, F.S.; et al.
Feline and canine leishmaniosis and other vector-borne diseases in the Aeolian Islands: Pathogen and vector circulation in a
confined environment. Vet. Parasitol. 2017, 236, 144–151. [CrossRef]

11. Elmahallawy, E.K.; Zanet, S.; Poggi, M.; Alsharif, K.F.; Agil, A.; Trisciuoglio, A.; Ferroglio, E. Feline leishmaniosis in Northwestern
Italy: Current status and zoonotic implications. Vet. Sci. 2021, 8, 215. [CrossRef] [PubMed]

12. Martín-Sánchez, J.; Acedo, C.; Muñoz-Pérez, M.; Pesson, B.; Marchal, O.; Morillas-Márquez, F. Infection by Leishmania infantum in
cats: Epidemiological study in Spain. Vet. Parasitol. 2007, 145, 267–273. [CrossRef] [PubMed]

13. Solano-Gallego, L.; Rodríguez-Cortés, A.; Iniesta, L.; Quintana, J.; Pastor, J.; Espada, Y.; Portús, M.; Alberola, J. Cross-sectional
serosurvey of feline leishmaniasis in ecoregions around the Northwestern Mediterranean. Am. J. Trop. Med. Hyg. 2007,
76, 676–680. [CrossRef] [PubMed]

14. Maia, C.; Gomes, J.; Cristóvão, J.; Nunes, M.; Martins, A.; Rebêlo, E.; Campino, L. Feline Leishmania infection in a canine
leishmaniasis endemic region, Portugal. Vet. Parasitol. 2010, 174, 336–340. [CrossRef] [PubMed]

15. Spada, E.; Proverbio, D.; Migliazzo, A.; Della Pepa, A.; Perego, R.; Bagnagatti De Giorgi, G. Serological and Molecular Evaluation
of Leishmania infantum Infection in Stray Cats in a Nonendemic Area in Northern Italy. ISRN Parasitol. 2013, 2013, 916376.
[CrossRef]

16. Spada, E.; Canzi, I.; Baggiani, L.; Perego, R.; Vitale, F. Prevalence of Leishmania infantum and co-infections in stray cats in northern
Italy. Comp. Immunol. Microbiol. Infect. Dis. 2016, 45, 53–58. [CrossRef]

17. Iatta, R.; Furlanello, T.; Colella, V.; Tarallo, V.D.; Latrofa, M.S.; Brianti, E.; Trerotoli, P.; Decaro, N.; Lorusso, E.; Schunack, B.; et al.
A nationwide survey of Leishmania infantum infection in cats and associated risk factors in Italy. PLoS Negl. Trop. Dis. 2019,
13, e0007594. [CrossRef]

18. Spada, E.; Perego, R.; Vitale, F.; Bruno, F.; Castelli, G.; Tarantola, G.; Baggiani, L.; Magistrelli, S.; Proverbio, D. Feline Leishmania spp.
Infection in a Non-Endemic Area of Northern Italy. Animals 2020, 10, 817. [CrossRef]

19. Latrofa, M.S.; Iatta, R.; Toniolo, F.; Furlanello, T.; Ravagnan, S.; Capelli, G.; Schunack, B.; Chomel, B.; Zatelli, A.; Mendoza-Roldan,
J.; et al. A molecular survey of vector-borne pathogens and haemoplasmas in owned cats across Italy. Parasit. Vectors 2020, 13, 116.
[CrossRef]

20. Rüfenacht, S.; Sager, H.; Müller, N.; Schaerer, V.; Heier, A.; Welle, M.M.; Roosje, P.J. Two cases of feline leishmaniosis in Switzerland.
Vet. Rec. 2005, 156, 542–545. [CrossRef]

21. Kleinerman, G.; Melloul, S.; Chaim, L.; Mergy, S.E.; Kaufman, R.G.; Dagan, N.; Nachum-Biala, Y.; Kitaichik, S.; Gross, S.;
Astman, N.; et al. Detection of Leishmania major and Leishmania infantum in cats during an outbreak of cutaneous leishmaniosis
in Southern Israel. Comp. Immunol. Microbiol. Infect. Dis. 2023, 98, 102006. [CrossRef] [PubMed]

22. Pennisi, M.G. A high prevalence of feline leishmaniasis in southern Italy. In Proceedings of the Second International Canine
Leishmaniasis Forum, Sevilla, Spain, 6–9 February 2002.

23. Sobrinho, L.S.V.; Rossi, C.N.; Vides, J.P.; Braga, E.T.; Gomes, A.A.D.; de Lima, V.M.F.; Perri, S.H.V.; Generoso, D.; Langoni, H.;
Leutenegger, C.; 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, 302–306.
[CrossRef]

24. Akhtardanesh, B.; Moeini, E.; Sharifi, I.; Saberi, M.; Sadeghi, B.; Ebrahimi, M.; Otranto, D. Leishmania infection in cats positive for
immunodeficiency virus and feline leukemia virus in an endemic region of Iran. Vet. Parasitol. Reg. Stud. Rep. 2020, 20, 100387.
[CrossRef] [PubMed]

25. Sherry, K.; Miró, G.; Trotta, M.; Miranda, C.; Montoya, A.; Espinosa, C.; Solano-Gallego, L.; Ribas, F.; Furlanello, T.; Solano-Gallego,
L. A serological and Molecular study of Leishmania infantum infection in cats from the island of Ibiza (Spain). Vector-Borne Zoonotic
Dis. 2011, 11, 239–245. [CrossRef] [PubMed]

26. Hervás, J.; Chacón-Manrique De Lara, F.; López, J.; Gómez-Villamandos, J.C.; Guerrero, M.J.; Moreno, A. Granulomatous
(pseudotumoral) iridociclitis associated with leishmaniasis in a cat. Vet. Rec. 2001, 149, 624–625. [CrossRef] [PubMed]

27. Navarro, J.A.; Sánchez, J.; Peñafiel-Verdú, C.; Buendía, A.J.; Altimira, J.; Vilafranca, M. Histopathological Lesions in 15 Cats with
Leishmaniosis. J. Comp. Pathol. 2010, 143, 297–302. [CrossRef]

28. Chatzis, M.K.; Xenoulis, P.G.; Leontides, L.; Kasabalis, D.; Mylonakis, M.E.; Andreadou, M.; Ikonomopoulos, J.; Saridomichelakis,
M.N. Evaluation of clinicopathological abnormalities in sick cats naturally infected by Leishmania infantum. Heliyon 2020, 6, e05177.
[CrossRef]

29. Pereira, A.; Maia, C. Leishmania infection in cats and feline leishmaniosis: An updated review with a proposal of a diagnosis
algorithm and prevention guidelines. Curr. Res. Parasitol. Vector-Borne Dis. 2021, 1, 100035. [CrossRef]

30. Migliazzo, A.; Vitale, F.; Calderone, S.; Puleio, R.; Binanti, D.; Abramo, F. Feline leishmaniosis: A case with a high parasitic burden.
Vet. Dermatol. 2015, 26, 69–70. [CrossRef]

31. Abramo, F.; Albanese, F.; Gattuso, S.; Randone, A.; Fileccia, I.; Dedola, C.; Ibba, F.; Ottaiano, P.; Brianti, E. Skin lesions in feline
leishmaniosis: A systematic review. Pathogens 2021, 10, 472. [CrossRef]

32. Pennisi, M.G.; Persichetti, M.F. Feline leishmaniosis: Is the cat a small dog? Vet. Parasitol. 2018, 251, 131–137. [CrossRef] [PubMed]

https://doi.org/10.1186/s13071-018-2725-8
https://doi.org/10.1016/j.vetpar.2017.01.019
https://doi.org/10.3390/vetsci8100215
https://www.ncbi.nlm.nih.gov/pubmed/34679045
https://doi.org/10.1016/j.vetpar.2006.11.005
https://www.ncbi.nlm.nih.gov/pubmed/17157440
https://doi.org/10.4269/ajtmh.2007.76.676
https://www.ncbi.nlm.nih.gov/pubmed/17426169
https://doi.org/10.1016/j.vetpar.2010.08.030
https://www.ncbi.nlm.nih.gov/pubmed/20869810
https://doi.org/10.5402/2013/916376
https://doi.org/10.1016/j.cimid.2016.03.001
https://doi.org/10.1371/journal.pntd.0007594
https://doi.org/10.3390/ani10050817
https://doi.org/10.1186/s13071-020-3990-x
https://doi.org/10.1136/vr.156.17.542
https://doi.org/10.1016/j.cimid.2023.102006
https://www.ncbi.nlm.nih.gov/pubmed/37356168
https://doi.org/10.1016/j.vetpar.2012.01.010
https://doi.org/10.1016/j.vprsr.2020.100387
https://www.ncbi.nlm.nih.gov/pubmed/32448520
https://doi.org/10.1089/vbz.2009.0251
https://www.ncbi.nlm.nih.gov/pubmed/20804432
https://doi.org/10.1136/vr.149.20.624
https://www.ncbi.nlm.nih.gov/pubmed/11761295
https://doi.org/10.1016/j.jcpa.2010.03.003
https://doi.org/10.1016/j.heliyon.2020.e05177
https://doi.org/10.1016/j.crpvbd.2021.100035
https://doi.org/10.1111/vde.12180
https://doi.org/10.3390/pathogens10040472
https://doi.org/10.1016/j.vetpar.2018.01.012
https://www.ncbi.nlm.nih.gov/pubmed/29426470


Pathogens 2023, 12, 1351 17 of 18

33. Ahuir-Baraja, A.E.; Ruiz, M.P.; Garijo, M.M.; Llobat, L. Feline leishmaniosis: An emerging public health problem. Vet. Sci. 2021,
8, 173. [CrossRef]

34. Chatzis, M.K.; Andreadou, M.; Leontides, L.; Kasabalis, D.; Mylonakis, M.; Koutinas, A.F.; Rallis, T.; Ikonomopoulos, J.;
Saridomichelakis, M.N. Cytological and molecular detection of Leishmania infantum in different tissues of clinically normal and
sick cats. Vet. Parasitol. 2014, 202, 217–225. [CrossRef]

35. Chatzis, M.K.; Leontides, L.; Athanasiou, L.V.; Papadopoulos, E.; Kasabalis, D.; Mylonakis, M.; Rallis, T.; Koutinas, A.F.;
Andreadou, M.; Ikonomopoulos, J.; et al. Evaluation of indirect immunofluorescence antibody test and enzyme-linked im-
munosorbent assay for the diagnosis of infection by Leishmania infantum in clinically normal and sick cats. Exp. Parasitol. 2014,
147, 54–59. [CrossRef] [PubMed]

36. World Organisation for Animal Health (WOAH) OIE Terrestrial Manual Leishmaniosis, Chapter 3.1.11. Available on-
line: https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.11_LEISHMANIOSIS.pdf (accessed on 15
September 2023).

37. Persichetti, M.F.; Solano-Gallego, L.; Vullo, A.; Masucci, M.; Marty, P.; Delaunay, P.; Vitale, F.; Pennisi, M.G. 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. [CrossRef] [PubMed]

38. Castelli, G.; Bruno, F.; Reale, S.; Catanzaro, S.; Valenza, V.; Vitale, F. Diagnosis of leishmaniasis: Quantification of parasite load by
a real-time PCR assay with high sensitivity. Pathogens 2021, 10, 865. [CrossRef] [PubMed]

39. Sergent, E.; Lonbard, J.; Quilichini, M. La leishmaniose à Alger. Infection simultanée d’un enfant, d’un chien et d’un chat dans la
même habitation. Bull. Soc. Pathol. Exot. 1912, 5, 93–98.

40. Ayllon, T.; Tesouro, M.A.; Amusategui, I.; Villaescusa, A.; Rodriguez-Franco, F.; Sainz, Á. Serologic and molecular evaluation of
Leishmania infantum in cats from central Spain. Ann. N. Y. Acad. Sci. 2008, 1149, 361–364. [CrossRef]

41. Miró, G.; Rupérez, C.; Checa, R.; Gálvez, R.; Hernández, L.; García, M.; Canorea, I.; Marino, V.; Montoya, A. Current status of
L. infantum infection in stray cats in the Madrid region (Spain): Implications for the recent outbreak of human leishmaniosis?
Parasit. Vectors 2014, 7, 112. [CrossRef]

42. Maroli, M.; Rossi, L.; Baldelli, R.; Capelli, G.; Ferroglio, E.; Genchi, C.; Gramiccia, M.; Mortarino, M.; Pietrobelli, M.; Gradoni, L.
The northward spread of leishmaniasis in Italy: Evidence from retrospective and ongoing studies on the canine reservoir and
phlebotomine vectors. Trop. Med. Int. Health 2008, 13, 256–264. [CrossRef]

43. Gradoni, L.; Ferroglio, E.; Zanet, S.; Mignone, W.; Venco, L.; Bongiorno, G.; Fiorentino, E.; Cassini, R.; Grillini, M.; Simonato, G.; et al.
Monitoring and detection of new endemic foci of canine leishmaniosis in northern continental Italy: An update from a study
involving five regions (2018–2019). Vet. Parasitol. Reg. Stud. Rep. 2022, 27, 100676. [CrossRef] [PubMed]

44. Moirano, G.; Ellena, M.; Mercogliano, P.; Richiardi, L.; Maule, M. Spatio-Temporal Pattern and Meteo-Climatic Determinants of
Visceral Leishmaniasis in Italy. Trop. Med. Infect. Dis. 2022, 7, 337. [CrossRef] [PubMed]

45. Bruno, F.; Vitale, F.; La Russa, F.; Reale, S.; Späth, G.F.; Oliveri, E.; Gargano, V.; Valenza, V.; Facciponte, F.; Giardina, S.; et al.
Retrospective Analysis of Leishmaniasis in Sicily (Italy) from 2013 to 2021: One-Health Impact and Future Control Strategies.
Microorganisms 2022, 10, 1704. [CrossRef] [PubMed]

46. Mendoza-Roldan, J.; Benelli, G.; Panarese, R.; Iatta, R.; Furlanello, T.; Beugnet, F.; Zatelli, A.; Otranto, D. Leishmania infantum
and Dirofilaria immitis infections in Italy, 2009–2019: Changing distribution patterns. Parasites Vectors 2020, 13, 193. [CrossRef]

47. Dujardin, J.C.; Campino, L.; Cañavate, C.; Dedet, J.P.; Gradoni, L.; Soteriadou, K.; Mazeris, A.; Ozbel, Y.; Boelaert, M. Spread of
vector-borne diseases and neglect of leishmaniasis, Europe. Emerg. Infect. Dis. 2008, 14, 1013–1018. [CrossRef] [PubMed]

48. Michelutti, A.; Toniolo, F.; Bertola, M.; Grillini, M.; Simonato, G.; Ravagnan, S.; Montarsi, F. Occurrence of Phlebotomine sand
flies (Diptera: Psychodidae) in the northeastern plain of Italy. Parasit. Vectors 2021, 14, 164. [CrossRef] [PubMed]

49. Salvatore, D.; Aureli, S.; Baldelli, R.; Di Francesco, A.; Tampieri, M.P.; Galuppi, R. Analisi molecolare di Leishmania infantum in
zecche Ixodes ricinus da cani e gatti in Italia. Vet. Ital. 2014, 50, 307–312. [CrossRef]

50. Pennisi, M.G.; Persichetti, M.F.; Serrano, L.; Altet, L.; Reale, S.; Gulotta, L.; Solano-Gallego, L. Ticks and associated pathogens
collected from cats in Sicily and Calabria (Italy). Parasit. Vectors 2015, 8, 512. [CrossRef]

51. Gabrielli, S.; Fiorillo, C.; Trichei, S.; Fani, C. Feline leishmaniosis in the Lazio region: Preliminary results. In Proceedings of the
XXXII Congresso SoIPa, Napoli, Italy, 27–30 June 2022; p. 242.

52. Masucci, M.; Donato, G.; Persichetti, M.F.; Priolo, V.; Castelli, G.; Bruno, F.; Pennisi, M.G. Hemogram Findings in Cats from an
Area Endemic for Leishmania infantum and Feline Immunodeficiency Virus Infections. Vet. Sci. 2022, 9, 508. [CrossRef]

53. Lombardo, G.; Pennisi, M.G.; Lupo, T.; Migliazzo, A.; Caprì, A.; Solano-Gallego, L. Detection of Leishmania infantum DNA
by real-time PCR in canine oral and conjunctival swabs and comparison with other diagnostic techniques. Vet. Parasitol. 2012,
184, 10–17. [CrossRef]

54. Reale, S.; Maxia, L.; Vitale, F.; Glorioso, N.S.; Caracappa, S.; Vesco, G. Detection of Leishmania infantum in dogs by PCR with
lymph node aspirates and blood. J. Clin. Microbiol. 1999, 37, 2931–2935. [CrossRef] [PubMed]

55. Sousa, K.; Herrera, H.; Domingos, I.; Campos, J.; Santos, I.; Neves, H.; Machado, R.; André, M. Serological detection of Toxoplasma
gondii, Leishmania infantum and Neospora caninum in cats from an area endemic for leishmaniasis in Brazil. Braz. J. Vet. Parasitol.
2014, 23, 449–455. [CrossRef]

56. Pennisi, M.G.; Lupo, T.; Malara, D.; Masucci, M.; Migliazzo, A.; Lombardo, G. Serological and molecular prevalence of
Leishmania infantum infection in cats from southern Italy. J. Feline Med. Surg. 2012, 14, 650–658. [CrossRef]

https://doi.org/10.3390/vetsci8090173
https://doi.org/10.1016/j.vetpar.2014.02.044
https://doi.org/10.1016/j.exppara.2014.10.004
https://www.ncbi.nlm.nih.gov/pubmed/25307685
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.11_LEISHMANIOSIS.pdf
https://doi.org/10.1186/s13071-017-2046-3
https://www.ncbi.nlm.nih.gov/pubmed/28285598
https://doi.org/10.3390/pathogens10070865
https://www.ncbi.nlm.nih.gov/pubmed/34358015
https://doi.org/10.1196/annals.1428.019
https://doi.org/10.1186/1756-3305-7-112
https://doi.org/10.1111/j.1365-3156.2007.01998.x
https://doi.org/10.1016/j.vprsr.2021.100676
https://www.ncbi.nlm.nih.gov/pubmed/35012715
https://doi.org/10.3390/tropicalmed7110337
https://www.ncbi.nlm.nih.gov/pubmed/36355879
https://doi.org/10.3390/microorganisms10091704
https://www.ncbi.nlm.nih.gov/pubmed/36144305
https://doi.org/10.1186/s13071-020-04063-9
https://doi.org/10.3201/eid1407.071589
https://www.ncbi.nlm.nih.gov/pubmed/18598618
https://doi.org/10.1186/s13071-021-04652-2
https://www.ncbi.nlm.nih.gov/pubmed/33761950
https://doi.org/10.12834/VetIt.83.1222.2
https://doi.org/10.1186/s13071-015-1128-3
https://doi.org/10.3390/vetsci9090508
https://doi.org/10.1016/j.vetpar.2011.08.010
https://doi.org/10.1128/JCM.37.9.2931-2935.1999
https://www.ncbi.nlm.nih.gov/pubmed/10449478
https://doi.org/10.1590/s1984-29612014078
https://doi.org/10.1177/1098612X12455302


Pathogens 2023, 12, 1351 18 of 18

57. Priolo, V.; Masucci, M.; Donato, G.; Gallego, L.S.; Orellana, P.M.; Persichetti, M.F.; Bermúdez, A.R.; Vitale, F.; Pennisi, M.G.
Association between feline immunodeficiency virus and Leishmania infantum infections in cats: A retrospective matched
case—control study. Parasit. Vectors 2022, 15, 107. [CrossRef] [PubMed]

58. Alcover, M.M.; Basurco, A.; Fernandez, A.; Riera, C.; Fisa, R.; Gonzalez, A.; Verde, M.; Garrido, A.M.; Ruíz, H.; Yzuel, A.; et al. A
cross-sectional study of Leishmania infantum infection in stray cats in the city of Zaragoza (Spain) using serology and PCR. Parasit.
Vectors 2021, 14, 178. [CrossRef]

59. Alvar, J.; Aparicio, P.; Aseffa, A.; Den Boer, M.; Cañavate, C.; Dedet, J.P.; Gradoni, L.; Ter Horst, R.; López-Vélez, R.; Moreno, J. The
relationship between leishmaniasis and AIDS: The second 10 years. Clin. Microbiol. Rev. 2008, 21, 334–359. [CrossRef] [PubMed]

60. Priolo, V.; Martínez-Orellana, P.; Pennisi, M.G.; Masucci, M.; Prandi, D.; Ippolito, D.; Bruno, F.; Castelli, G.; Solano-Gallego, L.
Leishmania infantum-specific IFN-γ production in stimulated blood from cats living in areas where canine leishmaniosis is
endemic. Parasit. Vectors 2019, 12, 133. [CrossRef]

61. Morganti, G.; Veronesi, F.; Stefanetti, V.; Di Muccio, T.; Fiorentino, E.; Diaferia, M.; Santoro, A.; Passamonti, F.; Gramiccia, M.
Emerging feline vector-borne pathogens in Italy. Parasit. Vectors 2019, 12, 193. [CrossRef]

62. Montoya, A.; García, M.; Gálvez, R.; Checa, R.; Marino, V.; Sarquis, J.; Barrera, J.P.; Rupérez, C.; Caballero, L.; Chicharro, C.; et al.
Implications of zoonotic and vector-borne parasites to free-roaming cats in central Spain. Vet. Parasitol. 2018, 251, 125–130.
[CrossRef]

63. Cardoso, L.; Lopes, A.P.; Sherry, K.; Schallig, H.; Solano-Gallego, L. Low seroprevalence of Leishmania infantum infection in cats
from northern Portugal based on DAT and ELISA. Vet. Parasitol. 2010, 174, 37–42. [CrossRef]

64. Priolo, V.; Martinea-Orellana, P.; Pennisi, M.G.; Raya-Bermudez, A.I.; Jurado-Tarifa, E.; Masucci, M.; Donato, G.; Bruno, F.; Castelli,
G.; Solano-Gallego, L. Leishmania infantum Specific Humoral and Cellular Immune Responses in Cats and Dogs: A Comparative
Cross-Sectional Study. Vet. Sci. 2022, 9, 482. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13071-022-05230-w
https://www.ncbi.nlm.nih.gov/pubmed/35534884
https://doi.org/10.1186/s13071-021-04682-w
https://doi.org/10.1128/CMR.00061-07
https://www.ncbi.nlm.nih.gov/pubmed/18400800
https://doi.org/10.1186/s13071-019-3386-y
https://doi.org/10.1186/s13071-019-3409-8
https://doi.org/10.1016/j.vetpar.2018.01.009
https://doi.org/10.1016/j.vetpar.2010.08.022
https://doi.org/10.3390/vetsci9090482
https://www.ncbi.nlm.nih.gov/pubmed/36136697

	Introduction 
	Materials and Methods 
	Ethical Considerations 
	Immunofluorescence Antibody Test (IFAT) 
	Real-Time PCR (qPCR) 
	Statistical Analysis 

	Results 
	Overall Infection Prevalence 
	Seroprevalence 
	qPCR Prevalence 

	Discussion 
	Conclusions 
	References

