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ARTICLE INFO ABSTRACT

Keywords: Visceral leishmaniosis is the one of the most important protozoal zoonoses in Europe, and it is caused by
Breed Leishmania infantum, an intracellular protozoan parasite. The disease is endemic in dogs in the Mediterranean
Canine leishmaniosis area. The main goal of this work is to correlate the levels of several cytokines linked to immune response against
Im,muml_Ogl_cal profile L. infantum infection in two canine breeds. Thirty-one Boxer and twenty-eight Ibizan Hound dogs living in the
Leishmania infantum . . . - . . Lo
Valencian Community (East coast of Spain) were analyzed for the presence of anti-Leishmania antibodies in
serum by IFAT test. Cytokines IFN-y, TNF-a, IL-2, IL-6, IL-8, and IL-18 were determined by ELISA commercial
tests. The levels of IFN-y, IL-2, and IL-18 in our study, cytokines linked to a cellular immune response, were
higher (p < 0.05) in the Ibizan Hound breed; IL-6 levels were higher, although not significant, and only levels of
IL-8 were higher in Boxer than in Ibizan Hound. No expression of TNF-a was found. These results corroborate
that Ibizan Hound can develop a protective response against canine leishmaniosis, while Boxer is a susceptible
breed. The study of immunological aspects in the different canine breeds may represent a useful tool in the

prediction of the disease.

1. Introduction

Leishmaniosis is a zoonotic disease caused by the infection with the
protozoan parasites Leishmania spp. (order Kinetoplastida, family Try-
panosomatidae), which is transmitted by the bite of phlebotomine sand
flies from the Psychodidae family, being the Phlebotomus spp. their
vectors in the Mediterranean region (Baneth et al., 2008; Gramiccia,
2011; Akhoundi et al., 2016). In humans, this parasitosis can be pre-
sented in its mucocutaneous or visceral form, being the latter the most
severe and caused in the same geographical region by the species
Leishmania infantum (Barbiéri, 2006; Ready, 2014; Trajer and Sebestyén,
2019). The domestic dog (Canis lupus familiaris) is the main reservoir of
this protozoan, although it has been isolated from many other species
(Mancianti et al., 1988; Ready, 2014).

The immune response generated after infection by L. infantum can
vary between hosts and determines the severity of the disease (Van-
loubbeeck and Jones, 2004; Solano-Gallego et al., 2009; Rossi and Fasel,
2018). Once the parasite has been inoculated by the sandfly bite, the
macrophages of the host lead the L. infantum antigen to undifferentiated

ThO lymphocytes, which can induce two types of response (Barbiéri,
2006; Hosein et al., 2017). One of them is the activation of Thl lym-
phocytes which triggers a cellular response with the synthesis of free
oxygen radicals, and destruction of the parasite by macrophages. The
cytokines involved in this pathway are interleukin 2 (IL-2), tumor ne-
crosis factor-alpha (TNF-a), and interferon-gamma (IFN-y) (Barbiéri,
2006; Solano-Gallego et al., 2009; Hosein et al., 2017). This response
makes it possible to control the infection, and the host does not show
clinical signs of the disease (Pinelli et al., 1994). Ordeix et al. (2018,
2019, 2020) showed that infected animals with low parasite loads and
clinically healthy had higher levels of IFN-y compared to sick dogs. The
other response is the pathway mediated by Th2-type lymphocytes,
which triggers the humoral immunity, with the stimulation of in-
terleukins 4, 5, and 10 (IL-4, IL-5, and IL-10), producing an excess of
antibodies (Pinelli et al., 1994; Barbiéri, 2006; Hosein et al., 2017). This
humoral response is ineffective in killing the parasites, since they are
inside the macrophages, so the disease progresses and clinical signs
finally appear (Pinelli et al., 1994; Ordeix et al., 2018;). Furthermore,
the IL-10 inhibits the Th1 response, which inactivates the macrophages
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and makes those apparently healthy hosts show a lower production of
lymphocytes, as well as an absence of IFN-y (Barbiéri, 2006). Other
biomarkers are involved in the immune response against canine leish-
maniosis. Several studies showed that the infection by L. infantum causes
a signaling cascade that leads to the production of different chemokines,
including CXCL1, responsible for recruiting neutrophils (Bozic et al.,
1995; Solca et al., 2016). Dogs naturally and experimentally infected
exhibited an increase in cytokines IL-6, IL-18, and IFN-y levels, and a
decrease in cytokines TNF-a, IL-2, and IL-8 levels (Abbehusen et al.,
2017).

According to several studies, the activation of one or another im-
mune response could be different depending on the canine breed (Sol-
ano-Gallego et al.,, 2000a; Sanchez-Robert et al., 2005; Martinez-
Orellana et al., 2017a; de Vasconcelos et al., 2019; Edo et al., 2021).
Specifically, the Ibizan Hound has a higher concentration of IL-6 and
IFN-y than other pure breed dogs or crossbreeds (Martinez-Orellana
etal., 2017b). The IL-6 is a cytokine with a rapid and transient activation
after infections and it contributes to the host protection through the
stimulation of acute response (Tanaka et al., 2014). An increase in these
interleukin levels has been observed in the early stages of the infection
with L. infantum (Abbehusen et al., 2017). The IFN-y is a type I inter-
feron, which acts as a mediator in the innate immune response with
protective activity against different viruses (Cook et al., 2019). Also,
IFN-y levels are higher in infected L. infantum dogs compared to unin-
fected, so has been linked to the control of the proliferation and the
spread of the parasite in the host (Abbehusen et al., 2017). Some studies
point to serum levels of IFN-y as a possible biomarker of the infection
before clinical signs appear (Zribi et al., 2017). The specific cellular
response of Leishmania spp. the infection showed to be higher in the
Ibizan Hound breed than in other canine breeds. In fact, (Solano-Gallego
et al., 2000a) demonstrated that Ibizan Hound dogs have a higher
cellular immune response than dogs of other breeds, which makes them
more resistant to clinical leishmaniosis. Sanchez-Robert et al. (2008a)
conducted a study with nineteen canine breeds, including Ibizan Hound
and Boxer, where they analyzed the presence of polymorphisms in the
Slclla gene, linked to susceptibility to canine visceral leishmaniosis.
The genetic origin could be related to both innate and adaptative im-
mune responses and determine different immune pathways (Altet et al.,
2002; Sanchez-Robert et al., 2008b). Recently, Edo et al. (2021) showed
a higher prevalence of clinical leishmaniosis in Boxer and Doberman
Pinscher than in other canine breeds.

The aim of this study is to evaluate the levels of several cytokines
linked to cellular and humoral response against leishmaniosis in two
canine breeds, the Ibizan Hound and Boxer living in an endemic region
of L. infantum.

2. Materials and methods
2.1. Ethics approval

The experiments involving animals were conducted according to the
guidelines of the Declaration of Helsinki and approved by the Animal
Experimentation Ethics Committee of the CEU Cardenal Herrera Uni-
versities, with code 2020/VSC/PEA/0216. Dog owners were informed of
the risks and aim of the study and signed a written informed consent for
sampling them.

2.2. Animals and data collection

From October 2021 to May 2022, fifty-nine dogs living in the
Valencian Community (thirty-one Boxers and twenty-eight Ibizan
Hounds) were sampled for the study. All the animals were pure breed
and belonged to Ibizan Hound Association and Boxer Club of Valencia.
For every animal, the following epidemiological data were registered: 1)
sex, 2) age (four categories: puppies -less than one-year-old-, young
-between one and five years old-, adult -between five and ten years old-,
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and elder -more than ten years old), 3) official vaccination in order (two
categories: yes or not), 4) leishmaniosis vaccination (two categories: yes
or not), 5) use of ectoparasiticides (two categories: yes or not), 6) living
with other animals (two categories: yes or no; if yes, the species of an-
imals lives were annotated), 7) type of food (two categories: raw food or
commercial food), 8) type of life (two categories: indoor or outdoor
dogs), 9) antibody titre for L. infantum (four categories: negative (titre
<1/80), positive with low or questionable titre (<1/100), medium
(medium (between 1,/100 and 1/400), and elevated (>1/400). All ani-
mals included in the survey were clinically healthy.

2.3. Samples collection and cytokines analysis

Ten milliliters of whole blood were taken by cephalic venipuncture
with Vacutainer tubes without anticoagulant. Samples were maintained
at room temperature to obtain serum aliquots, which were stored at
—20 °C until processing. Serological testing for L. infantum detection of
specific antibodies was performed using the indirect immunofluorescent
antibody test (IFAT) for anti-Leishmania-specific immunoglobulin G
(IgG) antibodies (MegaFLUO® LEISH, Megacor Diagnostik GmbH,
Horbranz, Austria). Samples were considered seropositive with IFAT
titre >1/80, following the manufacturer's instructions (Olias-Molero
et al., 2019).

Serum levels of TNF-a, IFN-y, IL-2, IL-6, IL-8, and IL-18 were
measured by a commercial kit of indirect ELISA assay (Canine TNF-a
ELISA kit, Canine IFN-y, Canine IL-2 ELISA kit, Canine IL-6 ELISA kit,
and Canine IL-8 ELISA kit, Invitrogen, and Canine IL-18 ELISA Kkit,
MyBioSource, NY, EEUU), following the manufacturer's recommenda-
tions. The sensitivity and precision intra- and inter-assay are shown in
Table 1. Briefly, a 50-100 pL of serum was added to the microplate
wells. Then, a biotinylated detection antibody specific for different cy-
tokines and Avidin-Horseradish peroxidase (HRP) conjugated was
added successively to each microplate well and incubated. Free com-
ponents were washed away, and the substrate solution was added to
each well. The enzyme-substrate reaction was determined by the optical
density (OD) and measured spectrophotometrically at a wavelength of
450 nm in the plate reader Victor-X3™ (Perkin Elmer®). The concen-
tration of each cytokine was calculated by comparing the OD of the
samples to the standard curve.

2.4. Statistical methods

Epidemiological data and serum levels of cytokines were analyzed
using the general linear model procedure (PROC GLM) of the statistical
package SAS (North Carolina State University, USA) for each cytokine.
The normality and the homoscedasticity were tested by Shapiro-Wilks
and Levene tests, respectively. The model was carried out with sex,

Table 1
Assay range, sensitivity and precision of ELISA kits used for serum cytokines
levels detection.

Cytokine  Assay range Sensitivity Precision
CV1 Intra- CV1 Inter-
assay assay
TNF-a 2.870-700 pg/mL IZI;EOO pg/ <10% <12%
IFN-y 0.102-25 ng/mL zioo ng/ <10% <12%
L2 0.400-100 ng/mL &200 ng/ <10% <12%
L6 0.102-25 ng/mL &ioo ng/ <10% <12%
Le 15.625-1000 pg/  9.375 pg/ 0% 129%
mL mL
L1s 15.600-1000 pg/  5.900 pg/ 0% 199
mL mL
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age, and breed as fixed effects. The statistical significance was set at a p-
value<0.05.

3. Results

Of the total analyzed animals, 50.84% were males (30/59) and
49.16% were females (29/59); 10.71% of them (6/59) were puppies
(less than one-year-old), 27.12% (16/59) were young (age ranged be-
tween one to five years old), 38.98% (23/59) were adults (between five
to ten years old), and 23.73% (14/59) were elder (more than ten years
old). All animals had obligatory vaccination correctly applied, used
ectoparasiticides, and were outdoor dogs. Most individuals (57 to 59)
lived with other animals and were fed commercial food (51 to 59).
Seventeen dogs (28.81%), all of them Boxer breed, were vaccinated
against Leishmania (Table 2).

Four Boxers (12.9%) were positive for Leishmania antibodies (anti-
body titre >1/80). Of them, the highest titre (1/320) belonged to an
adult male which lived with cats. The other three had a low titre (1/80).
Epidemiological data of Boxers with positive test for Leishmania anti-
bodies are shown in Table 3. No Ibizan Hound dogs showed a positive
result for the IFAT test.

The levels of cytokines for the total population ranged as shown in
Table 4. No expression of TNF-a was found. Statistical analysis revealed
that breed was the only factor with a significant fixed effect when levels
of different cytokines were compared (Table 5). IFN-y, IL-2, and IL-18
showed higher levels in Ibizan Hound than in Boxer (p < 0.01). IL-6
levels were higher, although not significant, also in Ibizan Hound (p
= 0.2611). Only levels of IL-8 were significantly higher in Boxer than in
Ibizan Hound (Fig. 1).

4. Discussion

The results of the present work show the differences in the immu-
nological profiles in Ibizan Hound and Boxer dogs living in an endemic
region for L. infantum, comparing their levels of different selected cy-
tokines. To the best of the authors' knowledge, IL-2, IL-8, and IL-18 are
studied for the first time in these two breeds. Despite the discrepancy
derived from previous works, due to the variability in the clinical
manifestations, cytokines parameters have deeply been evaluated in
dogs, either naturally or experimentally infected with Leishmania (Maia
and Campino, 2018). As previously suggested, the breed seems to be a
factor related to the immune response in clinical leishmaniosis. In the
present study, all the Ibizan Hound dogs present IFAT titres not
compatible with infection. It has been stated that this breed has a natural
genetic resistance against the disease related to the early activation of
the cellular immune response, and certain specific cytokines (Solano-

Table 2
Epidemiological data recovered of the animals studied.
Variable Categories N° of N° of No. of total
Ibizan Boxer dogs (%)
Hound

Gender Male 16 14 30 (50.84)
Female 12 17 29 (49.16)

Age Puppy (<1 year) 2 4 6 (10.17)
Young (1 to 5 years) 6 10 16 (27.12)
Adult (5 to 10 years) 9 14 23 (38.98)
Elder (>10 years) 11 3 14 (23.73)

Diet Commercial 23 28 51 (86.44)
Home prepared/raw 5 3 8 (13.56)
food consumption

Lived with other g . 28 29 57 (96.61)

animals

No 0 2 2(3.39)

Anti-Leishmania g o 0 27 27 (45.76)

vaccination

No 28 4 32 (54.24)

Overall 56 (100.00)

Veterinary Parasitology: Regional Studies and Reports 40 (2023) 100861

Table 3
Epidemiological data recovered of the animals with positive titre for Leishmania
antibodies (>1/80).

Case Sex Age Leishmaniosis Lived with 1gG

D vaccination other animals titre
Adult (5 to 1/

1 Male 10 years) No Cat 320
Young (1 to

2 Female 5 years) No Dog 1/80
Elder (>10

3 Male years) No Dog 1/80
Adult (5 to

4 Female 10 years) No Dog 1/80

Table 4

Range, mean =+ standard deviation (SD), and coefficient of variation (CV) of the
cytokines analyzed in the total dogs studied.

Cytokine n Range Mean + SD CV (%)
IFN-y (ng(mL) 53 0.01-1.29 0.34 £ 0.04 88
IL-2 (ng/mL) 56 10.37-117.00 55.62 + 3.40 46
IL-6 (ng/mL) 53 0.40-0.79 0.58 + 0.09 16
IL-8 (pg/mL) 53 0-577.00 184.00 + 17.58 70
1L-18 (pg/mL) 53 0-863.00 260.00 + 38.29 107

Gallego et al., 2000a; Sanchez-Robert et al., 2008b; Martinez-Orellana
et al., 2017a; Soutter et al., 2019). None of the Ibizan Hounds analyzed
in this survey were seropositive, which contrasts with the work of
Sanchez-Robert et al. (2008a) who studied Ibizan Hounds from the
Balearic Islands (Spain) and quantified a prevalence of 48.4% seropos-
itive dogs of this breed. However, four Boxers analyzed by us showed
antibodies against the parasite. Likewise, this breed with second highest
prevalence (after the Doberman pinscher) in a recent study conducted in
Ibiza, Balearic Islands (Edo et al., 2021). It is known that Boxer is a breed
with a predisposition to Leishmania infection (Sanchez-Robert et al.,
2005, 2008b). In fact, the breed was the only factor that revealed sig-
nificant differences when the six cytokines quantified in the present
study were compared.

We found that levels of IFN-y, IL-2, and IL-18 were significantly
higher in the Ibizan Hound breed. Whereas IL-6 levels were higher,
although not significant, and only levels of IL-8 were significantly higher
in Boxer than in Ibizan Hound. No expression of TNF-a was observed.
The ability of the host to control Leishmania infection requires a strong
cellular immune response, associated with the activation of T helper
(Th)-1 cells producing IFN-y, IL-2, and TNF-a (Maia and Campino, 2012,
2018). Some studies about the first two noticed their relationship with a
control and a protective response against Leishmania infection by the
host (Carrillo and Moreno, 2009; Ordeix et al., 2019, 2020), although
controversial results have been found in the literature. The IFN-y pro-
duction in infected dogs was correlated with resistance to disease,
asymptomatic status, or mild disease, with higher levels in infected L.
infantum dogs compared to uninfected ones (Manna et al., 2008; Solano-
Gallego et al., 2016; Abbehusen et al., 2017). Besides, sick, and symp-
tomatic animals showed an absence of this cytokine in peripheral blood
(Carrillo and Moreno, 2009; Solano-Gallego et al., 2016). IFN-y has been
proposed as an important prognostic tool for immune monitoring in
canine leishmaniosis (Martinez-Orellana et al., 2017a), although some
authors did not find it a good marker of resistance against the disease
(Travi et al., 2009). Ibizan hound present high levels of IL-2, and IL-18,
two cytokines related to cellular immune response. The results found in
our study are in accordance with the hypothesis that the Ibizan hound
dogs activates the cellular immune response, which causes an invagi-
nation of the parasite by the macrophages and prevents its dissemination
in the organism (Barbiéri, 2006). Levels of IL-2 seem to be lower in dogs
showing mild disease (Pinelli et al., 1994; Hosein et al., 2015; Ordeix
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Table 5
Mean =+ standard deviation (SD) and p-value obtained in statistical analysis between epidemiological factors (sex and age) and cytokine serum levels.
Sex Age
Male Female p- Puppy (<1 Young (1 to 5 Adult (5 to 10 Elder (>10 p-
value year) years) years) years) value
:IN.)_Y (ng/ 0.38 £ 0.10 0.48 £ 0.10 0.5081 0.26 £ 0.23 0.33 £0.14 0.43 £0.13 0.56 £+ 0.13 0.5488
IL-2 (ng/ 72.84 + 63.83 +
mL) 13.48 13.14 0.6335 54.01 £+ 29.51 59.90 + 18.21 85.80 + 17.40 63.76 + 16.37 0.6754
Cytokine serum levels 68/ g5+013 057013 01303 052+030  0.64+0.18 0.67 +0.18 0.85 £ 0.17 0.7217
(mean =+ SD) mL)
1L-8 (pg/ 220.00 + 225.00 + 135.00 + 252.00 +
mL) 24.45 23.84 0.8834 52.54 205.00 + 32.43 235.00 £ 30.99 2014 0.2470
IL-18 (pg/ 267.00 + 299.00 + 184.00 + 372.00 =
mL) 64.90 50.20 0.7175 133.10 263.00 + 81.50 275.00 + 72.90 90.40 0.5913
a) 06 b) 7 c) o7
'.g @
5 0.4 g 60 ’g 0.6 |:|
=]
< o
: e
o hd
= 02 @ 550 = 0.5
=
P=0.0001 = =0.
0 40 P=0.0075 0.4 P=0.2611

d) 30 e

P<0.0001

@ 500
= 200 =
g g
2 2
® |:I[| % 250
= 100 dl
0 P=0.0065 0 ]

Fig. 1. Serum levels of cytokines in Boxer (B) and Ibizan Hound (I). a) Interferon gamma (IFN-y), b) Interleukin 2 (IL-2), c¢) Interleukin 6 (IL-6), d) Interleukin 8 (IL-
8), and e) Interleukin 18 (IL-18). Squares represent values for two breeds, and vertical lines represent standard deviation. Values for IL-8 and IL-8 are expressed in pg/
mL, and for IFN-y, IL-2, and IL-6 in ng/mL. Different p-values for cytokines are shown in figures a, b, c, d, and e.

et al., 2018). Aslan et al. (2016) found that IL-2 expression was nega-
tively correlated with splenic parasite loads in experimentally infected
dogs. Our results are by the proposal made by most of the authors, which
suggest a natural resistance in Ibizan Hound against CanL when
compared with more susceptible dog breed, like Boxer (Solano-Gallego
et al., 2000a; Sanchez-Robert et al., 2008b; Martinez-Orellana et al.,
2017b, 2022). IL-18 is a cytokine that plays an important role in both
types of immunity, innate and acquired, and mediates Th1 response by
inducing IFN-y production in T cells and natural killer cells (Okamura
etal., 1998; Takeda et al., 1998). Kumar et al. (2014) found a significant
relationship between susceptibility to visceral leishmaniosis in human
and high levels of this cytokine. However, some authors pointed out that
it seems to have no role in the infection outcome of the disease in dogs
(Pinelli et al., 1994; Chamizo et al., 2005; Manna et al., 2006; Carrillo
etal., 2007; Aslan et al., 2016). Levels of the inflammatory cytokine IL-6
were higher (although not significant) in the Ibizan Hound than in Boxer
dogs. In accordance, Chamizo et al. (2005) and Martinez-Orellana et al.
(2017b) found a stronger expression of IL-6 in healthy dogs when

compared with experimentally infected sick dogs. Their levels increased
in animals after natural and experimental infection (Abbehusen et al.,
2017). de Lima et al. (2007) pointed out this cytokine as a good marker
in the active disease. Other authors did not find relation between these
cytokine levels and the development of leishmaniosis (Pinelli et al.,
1994; Aslan et al., 2016). On the contrary, IL-8 was significatively higher
in the Boxer breed in the present work. These results are consistent with
the scarce studies focused on the role of this interleukin in Leishmania
infection, so is an important cytokine for the activation of immune cells,
especially neutrophils. Wardini et al. (2019) found higher basal levels of
IL-8 production in neutrophils from infected dogs when compared with
healthy animals. In humans, IL-8 polymorphism has been considered a
risk factor for the development of visceral leishmaniosis (Hajilooi et al.,
2015). A decrease in its levels has been noted in dogs infected, both
naturally and experimentally, with the protozoan (Abbehusen et al.,
2017). Besides, it has been stated that amastigotes accumulate and
survive in neutrophils in animals with high IL-8 levels, although the
studies developed are not conclusive (Sanz et al., 2021). Finally, no
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expression of TNF-o was detected by the ELISA technique in any of the
animals analyzed. Opposite to it, the lymphocytes production of this
cytokine were significantly lower in symptomatic animals than lym-
phocytes of uninfected and asymptomatic dogs (Pinelli et al., 1994).
However, a Thl or Th2 immune response (with under- or over-
production of TNF-a and IFN-y, respectively) have been correlated with
absence or presence of clinical signs and an increased parasite load in
different organs and tissues and clinical disease (Maia and Campino,
2018). Other authors working with Ibizan Hound dogs found signifi-
cantly higher levels of TNF-a after stimulation with L. infantum Soluble
Antigen (LSA) in this breed than in controls (Martinez-Orellana et al.,
2017b). However, the levels of TNF-a in Ibizan Hound group without
stimulation were around O to 20 pg/mL (Martinez-Orellana et al.,
2017b). So, the sensitivity of ELISA kit used in our study was 2 pg/mL
(see Table 1), being this a possible explanation of no expression of this
cytokine found in our samples. The undetectable values of TNF-a and the
high values of IFN-y in Ibizan Hound serum samples could be explained
by the activation of a different immune response in Ibizan Hound dogs
when they are exposed to the parasite. Ibizan Hounds present a pre-
dominant T-cell-mediated immune response with the production of Th1
cytokines (including IFN-y, IL-2, and IL-18). These results could be
support the hypothesis that the autochthonous purebred dogs in
endemic regions such the Mediterranean, have evolved developing a
resistance to the disease (Solano-Gallego et al., 2000b). Similarly, the
Sardinian sheepdog and the Maremma sheepdog showed low levels of
seroprevalence in the same region (Dreger et al., 2016; Rombola et al.,
2021). Several epidemiologic surveys noticed higher prevalence in
Boxers, German shepherds, Doberman pinschers, cocker Spaniels, and
among American and English foxhounds (Gaskin et al., 2002; Franca-
Silva et al., 2003; Sanchez-Robert et al., 2005; Edo et al., 2021). Other
surveys demonstrated the relationship between CanL and crossbreed,
which was pointed out as a protective factor (Cortes et al., 2012; Maia
et al., 2017). Regarding other epidemiological factors analyzed, we
found no relationship between age or sex and levels of cytokines.
Interestingly, the dog with the higher title in our survey was an elder
male Boxer breed. Previous studies stated that older dogs developed a
more severe disease, blood parasitemia, higher antibody levels, and
lower IFN-y than healthy dogs (Montserrat-Sangra et al., 2018; Rombola
et al., 2021). In addition, several studies indicated that the males
showed higher seroprevalence rates than females in accordance with
this data (Rombola et al., 2021; Tamponi et al., 2021).

5. Conclusions

Susceptibility to Leishmania infection varies among individuals,
being related to the genetic and immune profiles. In this sense, most of
the studies were based on human and murine models, although there are
scarce works focused on canine leishmaniosis. In dogs, the breed has
been pointed as an important factor in the development of the disease.
While some animals can eliminate the parasite or control the parasite
burden, remaining subclinical, others show many clinical signs and a
very poor prognosis. Our results show higher serum levels of cytokine
related to cellular immune response in Ibizan hound than Boxer. More
studies are needed in this unexplored field, including other autochtho-
nous and purebred dogs. However, the overall results demonstrated that
the evaluation of seroprevalence and immunological mechanisms can
represent a reliable tool for predicting the disease. Thus, the identifi-
cation of specific markers that are involved in the control of leishma-
niosis may contribute to the development of more effective therapeutic
and prophylactic tools and increase the effectiveness of vaccines.

Ethical statement
The animal study protocol was approved by the Animal Experi-

mentation Ethics Committee of the Universidad Cardenal Herrera CEU
(protocol code 2020/VSC/PEA/0216) for studies involving animals.

Veterinary Parasitology: Regional Studies and Reports 40 (2023) 100861
Declaration of Competing Interest

This work was funded by the grants for emerging research groups of
Generalitat Valenciana (GV/2021/104) and IDOC project of University
CEU Cardenal Herrera (IDOC21-03). The funding agencies were not
involved in the design of the study, data collection, analysis of data, or
manuscript writing.

Acknowledgements

We are grateful to the Ibizan Hound Association and Boxer Club of
Valencia.

References

Abbehusen, M.M.C., Almeida, V.D.A., da Solca, M.S., da Pereira, L.S., Costa, D.J., Gil-
Santana, L., Bozza, P.T., Fraga, D.B.M., Veras, P.S.T., Dos-Santos, W.L.C., Andrade, B.
B., Brodskyn, C.I., 2017. Clinical and immunopathological findings during long term
follow-up in Leishmania infantum experimentally infected dogs. Sci. Rep. 7, 15914.
https://doi.org/10.1038/s41598-017-15651-8.

Akhoundi, M., Kuhls, K., Cannet, A., Votypka, J., Marty, P., Delaunay, P., Sereno, D.,
2016. A historical overview of the classification, evolution, and dispersion of
Leishmania parasites and sandflies. PLoS Negl. Trop. Dis. 10, €0004349 https://doi.
org/10.1371/journal.pntd.0004349.

Altet, L., Francino, O., Solano-Gallego, L., Renier, C., Sanchez, A., 2002. Mapping and
sequencing of the canine NRAMP1 gene and identification of mutations in
leishmaniasis-susceptible dogs. Infect. Immun. 70, 2763-2771. https://doi.org/
10.1128/iai.70.6.2763-2771.2002.

Aslan, H., Oliveira, F., Meneses, C., Castrovinci, P., Gomes, R., Teixeira, C., Derenge, C.
A., Orandle, M., Gradoni, L., Oliva, G., Fischer, L., Valenzuela, J.G., Kamhawi, S.,
2016. New insights into the transmissibility of Leishmania infantum from dogs to
sand flies: experimental vector-transmission reveals persistent parasite depots at bite
sites. J. Infect. Dis. 213, 1752-1761. https://doi.org/10.1093/infdis/jiw022.

Baneth, G., Koutinas, A.F., Solano-Gallego, L., Bourdeau, P., Ferrer, L., 2008. Canine
leishmaniosis — new concepts and insights on an expanding zoonosis: part one.
Trends Parasitol. 24, 324-330. https://doi.org/10.1016/j.pt.2008.04.001.

Barbiéri, C.L., 2006. Immunology of canine leishmaniasis. Parasite Immunol. 28,
329-337. https://doi.org/10.1111/j.1365-3024.2006.00840.x.

Bozic, C.R., Kolakowski, L.F., Gerard, N.P., Garcia-Rodriguez, C., von Uexkull-
Guldenband, C., Conklyn, M.J., Breslow, R., Showell, H.J., Gerard, C., 1995.
Expression and biologic characterization of the murine chemokine KC. J. Immunol.
154, 6048-6057.

Carrillo, E., Moreno, J., 2009. Cytokine profiles in canine visceral leishmaniasis. Vet.
Immunol. Immunopathol. 128, 67-70. https://doi.org/10.1016/j.
vetimm.2008.10.310.

Carrillo, E., Ahmed, S., Goldsmith-Pestana, K., Nieto, J., Osorio, Y., Travi, B., Moreno, J.,
McMahon-Pratt, D., 2007. Inmunogenicity of the P-8 amastigote antigen in the
experimental model of canine visceral leishmaniasis. Vaccine 25, 1534-1543.
https://doi.org/10.1016/j.vaccine.2006.10.036.

Chamizo, C., Moreno, J., Alvar, J., 2005. Semi-quantitative analysis of cytokine
expression in asymptomatic canine leishmaniasis. Vet. Immunol. Immunopathol.
103, 67-75. https://doi.org/10.1016/j.vetimm.2004.08.010.

Cook, L.E., Locke, M.C., Young, A.R., Monte, K., Hedberg, M.L., Shimak, R.M.,
Sheehan, K.C.F., Veis, D.J., Diamond, M.S., Lenschow, D.J., 2019. Distinct roles of
interferon alpha and Beta in controlling chikungunya virus replication and
modulating neutrophil-mediated inflammation. J. Virol. 94 https://doi.org/
10.1128/JVI.00841-19.

Cortes, S., Vaz, Y., Neves, R., Maia, C., Cardoso, L., Campino, L., 2012. Risk factors for
canine leishmaniasis in an endemic Mediterranean region. Vet. Parasitol. 189,
189-196. https://doi.org/10.1016/j.vetpar.2012.04.028.

de Lima, V.M.F., Peiro, J.R., de Oliveira Vasconcelos, R., 2007. IL-6 and TNF-alpha
production during active canine visceral leishmaniasis. Vet. Inmunol.
Immunopathol. 115, 189-193. https://doi.org/10.1016/j.vetimm.2006.10.003.

de Vasconcelos, T.C.B., Furtado, M.C., Belo, V.S., Morgado, F.N., Figueiredo, F.B., 2019.
Canine susceptibility to visceral leishmaniasis: a systematic review upon genetic
aspects, considering breed factors and immunological concepts. Infect. Genet. Evol.
74, 103293 https://doi.org/10.1016/j.meegid.2017.10.005.

Dreger, D.L., Rimbault, M., Davis, B.W., Bhatnagar, A., Parker, H.G., Ostrander, E.A.,
2016. Whole-genome sequence, SNP chips and pedigree structure: building
demographic profiles in domestic dog breeds to optimize genetic-trait mapping. Dis.
Model. Mech. 9, 1445-1460. https://doi.org/10.1242/dmm.027037.

Edo, M., Marin-Garcia, P.J., Llobat, L., 2021. Is the prevalence of Leishmania infantum
linked to breeds in dogs? Characterization of seropositive dogs in Ibiza. Animals
(Basel) 11, 2579. https://doi.org/10.3390/ani11092579.

Franga-Silva, J.C., da Costa, R.T., Siqueira, A.M., Machado-Coelho, G.L.L., da Costa, C.A.,
Mayrink, W., Vieira, E.P., Costa, J.S., Genaro, O., Nascimento, E., 2003.
Epidemiology of canine visceral leishmaniosis in the endemic area of Montes Claros
municipality, Minas Gerais state, Brazil. Vet. Parasitol. 111, 161-173. https://doi.
org/10.1016/s0304-4017(02)00351-5.

Gaskin, A.A., Schantz, P., Jackson, J., Birkenheuer, A., Tomlinson, L., Gramiccia, M.,
Levy, M., Steurer, F., Kollmar, E., Hegarty, B.C., Ahn, A., Breitschwerdt, E.B., 2002.


https://doi.org/10.1038/s41598-017-15651-8
https://doi.org/10.1371/journal.pntd.0004349
https://doi.org/10.1371/journal.pntd.0004349
https://doi.org/10.1128/iai.70.6.2763-2771.2002
https://doi.org/10.1128/iai.70.6.2763-2771.2002
https://doi.org/10.1093/infdis/jiw022
https://doi.org/10.1016/j.pt.2008.04.001
https://doi.org/10.1111/j.1365-3024.2006.00840.x
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0035
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0035
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0035
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0035
https://doi.org/10.1016/j.vetimm.2008.10.310
https://doi.org/10.1016/j.vetimm.2008.10.310
https://doi.org/10.1016/j.vaccine.2006.10.036
https://doi.org/10.1016/j.vetimm.2004.08.010
https://doi.org/10.1128/JVI.00841-19
https://doi.org/10.1128/JVI.00841-19
https://doi.org/10.1016/j.vetpar.2012.04.028
https://doi.org/10.1016/j.vetimm.2006.10.003
https://doi.org/10.1016/j.meegid.2017.10.005
https://doi.org/10.1242/dmm.027037
https://doi.org/10.3390/ani11092579
https://doi.org/10.1016/s0304-4017(02)00351-5
https://doi.org/10.1016/s0304-4017(02)00351-5

M. Macia et al.

Visceral leishmaniasis in a New York foxhound kennel. J. Vet. Intern. Med. 16,
34-44. https://doi.org/10.1892/0891-6640(2002)016<0034:vliany>2.3.co;2.

Gramiccia, M., 2011. Recent advances in leishmaniosis in pet animals: epidemiology,
diagnostics and anti-vectorial prophylaxis. Vet. Parasitol. 181, 23-30. https://doi.
org/10.1016/j.vetpar.2011.04.019.

Hajilooi, M., Abasi, M., Bazmani, A., Ahmadi, A., Matini, M., Solgi, G., Sardarian, K.,
2015. Evaluation of interleukin-8 -251 t/a polymorphisms in visceral leishmaniasis.
J. Res. Health Sci. 15, 59-61.

Hosein, S., Rodriguez-Cortés, A., Blake, D.P., Allenspach, K., Alberola, J., Solano-
Gallego, L., 2015. Transcription of toll-like receptors 2, 3, 4 and 9, FoxP3 and Th17
cytokines in a susceptible experimental model of canine Leishmania infantum
infection. PLoS One 10, e0140325. https://doi.org/10.1371/journal.pone.0140325.

Hosein, S., Blake, D.P., Solano-Gallego, L., 2017. Insights on adaptive and innate
immunity in canine leishmaniosis. Parasitology 144, 95-115. https://doi.org/
10.1017/5003118201600055X.

Kumar, D., Tiwary, P., Chakravarty, J., Sundar, S., 2014. Association of interleukin-18
gene polymorphism with susceptibility to visceral leishmaniasis in endemic area of
Bihar, an Indian population. ScientificWorldJournal 2014, 852104. https://doi.org/
10.1155/2014/852104.

Maia, C., Campino, L., 2012. Cytokine and phenotypic cell profiles of Leishmania
infantum infection in the dog. J. Trop. Med. 2012, 541571 https://doi.org/10.1155/
2012/541571.

Maia, C., Campino, L., 2018. Biomarkers associated with Leishmania infantum exposure,
infection, and disease in dogs. Front. Cell. Infect. Microbiol. 8, 302. https://doi.org/
10.3389/fcimb.2018.00302.

Maia, C., Alwassouf, S., Cristovao, J.M., Ayhan, N., Pereira, A., Charrel, R.N.,
Campino, L., 2017. Serological association between Leishmania infantum and sand
fly fever Sicilian (but not Toscana) virus in sheltered dogs from southern Portugal.
Parasit. Vectors 10, 92. https://doi.org/10.1186/513071-017-2023-x.

Mancianti, F., Gramiccia, M., Gradoni, L., Pieri, S., 1988. Studies on canine leishmaniasis
control. 1. Evolution of infection of different clinical forms of canine leishmaniasis
following antimonial treatment. Trans. R. Soc. Trop. Med. Hyg. 82, 566-567.
https://doi.org/10.1016,/0035-9203(88)90510-x.

Manna, L., Reale, S., Viola, E., Vitale, F., Foglia Manzillo, V., Pavone, L.M., Michele, P.L.,
Caracappa, S., Gravino, A.E., 2006. Leishmania DNA load and cytokine expression
levels in asymptomatic naturally infected dogs. Vet. Parasitol. 142, 271-280.
https://doi.org/10.1016/j.vetpar.2006.06.028.

Manna, L., Reale, S., Picillo, E., Vitale, F., Gravino, A.E., 2008. Interferon-gamma (INF-
gamma), IL4 expression levels and Leishmania DNA load as prognostic markers for
monitoring response to treatment of leishmaniotic dogs with miltefosine and
allopurinol. Cytokine 44, 288-292. https://doi.org/10.1016/j.cyt0.2008.08.017.

Martinez-Orellana, P., Mari-Martorell, D., Montserrat-Sangra, S., Ordeix, L., Baneth, G.,
Solano-Gallego, L., 2017a. Leishmania infantum-specific IFN-y production in
stimulated blood from dogs with clinical leishmaniosis at diagnosis and during
treatment. Vet. Parasitol. 248, 39-47. https://doi.org/10.1016/j.
vetpar.2017.10.018.

Martinez-Orellana, P., Quirola-Amores, P., Montserrat-Sangra, S., Ordeix, L., Llull, J.,
Alvarez-Fernandez, A., Solano-Gallego, L., 2017b. The inflammatory cytokine effect
of Pam3CSK4 TLR2 agonist alone or in combination with Leishmania infantum
antigen on ex-vivo whole blood from sick and resistant dogs. Parasit. Vectors 10,
123. https://doi.org/10.1186/513071-017-2062-3.

Martinez-Orellana, P., Gonzélez, N., Baldassarre, A., Alvarez-Fernandez, A., Ordeix, L.,
Paradies, P., Soto, M., Solano-Gallego, L., 2022. Humoral responses and ex vivo IFN-
y production after canine whole blood stimulation with Leishmania infantum
antigen or KMP11 recombinant protein. Vet. Sci. 9, 116. https://doi.org/10.3390/
vetsci9030116.

Montserrat-Sangra, S., Ordeix, L., Martinez-Orellana, P., Solano-Gallego, L., 2018.
Parasite specific antibody levels, interferon-y and TLR2 and TLR4 transcripts in
blood from dogs with different clinical stages of leishmaniosis. Vet. Sci. 5, E31.
https://doi.org/10.3390/vetsci5010031.

Okamura, H., Kashiwamura, S., Tsutsui, H., Yoshimoto, T., Nakanishi, K., 1998.
Regulation of interferon-gamma production by IL-12 and IL-18. Curr. Opin.
Immunol. 10, 259-264. https://doi.org/10.1016/50952-7915(98)80163-5.

Olias-Molero, A.L, Corral, M.J., Jiménez-Ant6n, M.D., Alunda, J.M., 2019. Early
antibody response and clinical outcome in experimental canine leishmaniasis. Sci.
Rep. 9, 18606. https://doi.org/10.1038/541598-019-55087-w.

Ordeix, L., dos Silva, J.E.S., Llull, J., Quirola, P., Montserrat-Sangra, S., Martinez-
Orellana, P., Solano-Gallego, L., 2018. Histological and immunological description
of the Leishmanin skin test in Ibizan hounds. J. Comp. Pathol. 158, 56-65. https://
doi.org/10.1016/j.jcpa.2017.11.004.

Ordeix, L., Montserrat-Sangra, S., Martinez-Orellana, P., Baxarias, M., Solano-Gallego, L.,
2019. Toll-like receptors 2, 4 and 7, interferon-gamma and interleukin 10, and
programmed death ligand 1 transcripts in skin from dogs of different clinical stages
of leishmaniosis. Parasit. Vectors 12, 575. https://doi.org/10.1186/513071-019-
3827-7.

Ordeix, L., Montserrat-Sangra, S., Martinez-Orellana, P., Solano-Gallego, L., 2020. Toll-
like receptors 2, 4, and 7, interferon-gamma, interleukin 10, and programmed death
ligand 1 transcripts in Leishmanin skin test-positive reactions of Ibizan hound dogs.
J Immunol Res 2020, 9602576. https://doi.org/10.1155/2020/9602576.

Pinelli, E., Killick-Kendrick, R., Wagenaar, J., Bernadina, W., del Real, G., Ruitenberg, J.,
1994. Cellular and humoral immune responses in dogs experimentally and naturally
infected with Leishmania infantum. Infect. Immun. 62, 229-235.

Veterinary Parasitology: Regional Studies and Reports 40 (2023) 100861

Ready, P.D., 2014. Epidemiology of visceral leishmaniasis. Clin. Epidemiol. 6, 147-154.
https://doi.org/10.2147 /CLEP.S44267.

Rombola, P., Barlozzari, G., Carvelli, A., Scarpulla, M., Iacoponi, F., Macri, G., 2021.
Seroprevalence and risk factors associated with exposure to Leishmania infantum in
dogs, in an endemic Mediterranean region. PLoS One 16, €0244923. https://doi.org/
10.1371/journal.pone.0244923.

Rossi, M., Fasel, N., 2018. How to master the host immune system? Leishmania parasites
have the solutions! Int. Immunol. 30, 103-111. https://doi.org/10.1093/intimm/
dxx075.

Sanchez-Robert, E., Altet, L., Sanchez, A., Francino, O., 2005. Polymorphism of Slc11al
(Nrampl) gene and canine leishmaniasis in a case-control study. J. Hered. 96,
755-758. https://doi.org/10.1093/jhered/esil111.

Sanchez-Robert, E., Altet, L., Utzet-Sadurni, M., Giger, U., Sanchez, A., Francino, O.,
2008a. Slcl1al (formerly Nrampl) and susceptibility to canine visceral
leishmaniasis. Vet. Res. 39, 36. https://doi.org/10.1051/vetres:2008013.

Sanchez-Robert, E., Altet, L., Utzet-Sadurni, M., Giger, U., Sanchez, A., Francino, O.,
2008b. Slc1lal (formerly Nrampl) and susceptibility to canine visceral
leishmaniasis. Vet. Res. 39, 36. https://doi.org/10.1051 /vetres:2008013.

Sanz, C.R., Mir6, G., Sevane, N., Reyes-Palomares, A., Dunner, S., 2021. Modulation of
host immune response during Leishmania infantum natural infection: a whole-
transcriptome analysis of the popliteal lymph nodes in dogs. Front. Immunol. 12,
794627 https://doi.org/10.3389/fimmu.2021.794627.

Solano-Gallego, L., Llull, J., Ramos, G., Riera, C., Arboix, M., Alberola, J., Ferrer, L.,
2000a. The Ibizian hound presents a predominantly cellular immune response
against natural Leishmania infection. Vet. Parasitol. 90, 37-45. https://doi.org/
10.1016/50304-4017(00)00223-5.

Solano-Gallego, L., Llull, J., Ramos, G., Riera, C., Arboix, M., Alberola, J., Ferrer, L.,
2000b. The Ibizian hound presents a predominantly cellular immune response
against natural Leishmania infection. Vet. Parasitol. 90, 37-45. https://doi.org/
10.1016/s0304-4017(00)00223-5.

Solano-Gallego, L., Koutinas, A., Mird, G., Cardoso, L., Pennisi, M.G., Ferrer, L.,
Bourdeau, P., Oliva, G., Baneth, G., 2009. Directions for the diagnosis, clinical
staging, treatment and prevention of canine leishmaniosis. Vet. Parasitol. 165, 1-18.
https://doi.org/10.1016/j.vetpar.2009.05.022.

Solano-Gallego, L., Montserrrat-Sangra, S., Ordeix, L., Martinez-Orellana, P., 2016.
Leishmania infantum-specific production of IFN-y and IL-10 in stimulated blood
from dogs with clinical leishmaniosis. Parasit. Vectors 9, 317. https://doi.org/
10.1186/513071-016-1598-y.

Solca, M.S., Andrade, B.B., Abbehusen, M.M.C., Teixeira, C.R., Khouri, R., Valenzuela, J.
G., Kamhawi, S., Bozza, P.T., Fraga, D.B.M., Borges, V.M., Veras, P.S.T., Brodskyn, C.
1., 2016. Circulating biomarkers of immune activation, oxidative stress and
inflammation characterize severe canine visceral Leishmaniasis. Sci. Rep. 6, 32619.
https://doi.org/10.1038/srep32619.

Soutter, F., Solano-Gallego, L., Attipa, C., Gradoni, L., Fiorentino, E., Foglia Manzillo, V.,
Oliva, G., Tasker, S., Helps, C., Catchpole, B., 2019. An investigation of
polymorphisms in innate and adaptive immune response genes in canine
leishmaniosis. Vet. Parasitol. 269, 34-41. https://doi.org/10.1016/j.
vetpar.2019.04.011.

Takeda, K., Tsutsui, H., Yoshimoto, T., Adachi, O., Yoshida, N., Kishimoto, T.,
Okamura, H., Nakanishi, K., Akira, S., 1998. Defective NK cell activity and Thl
response in IL-18-deficient mice. Immunity 8, 383-390. https://doi.org/10.1016/
51074-7613(00)80543-9.

Tamponi, C., Scarpa, F., Carta, S., Knoll, S., Sanna, D., Gai, C., Pipia, A.P., Dessi, G.,
Casu, M., Varcasia, A., Scala, A., 2021. Seroprevalence and risk factors associated
with Leishmania infantum in dogs in Sardinia (Italy), an endemic island for
leishmaniasis. Parasitol. Res. 120, 289-300. https://doi.org/10.1007/s00436-020-
06973-0.

Tanaka, T., Narazaki, M., Kishimoto, T., 2014. IL-6 in inflammation, immunity, and
disease. Cold Spring Harb. Perspect. Biol. 6 https://doi.org/10.1101/cshperspect.
a016295.

Tréjer, A.J., Sebestyén, V., 2019. The changing distribution of Leishmania infantum
Nicolle, 1908 and its Mediterranean sandfly vectors in the last 140 kys. Sci. Rep. 9,
11820. https://doi.org/10.1038/541598-019-48350-7.

Travi, B.L., Osorio, E.Y., Saldarriaga, O.A., Cadena, H., Tabares, C.J., Peniche, A, Lee, S.,
Melby, P.C., 2009. Clinical, parasitologic, and immunologic evolution in dogs
experimentally infected with sand fly-derived Leishmania chagasi promastigotes.
Am. J. Trop. Med. Hyg. 81, 994-1003. https://doi.org/10.4269/ajtmh.2009.09-
0229.

Vanloubbeeck, Y., Jones, D.E., 2004. The immunology of Leishmania infection and the
implications for vaccine development. Ann. N. Y. Acad. Sci. 1026, 267-272. https://
doi.org/10.1196/annals.1307.041.

Wardini, A.B., Pinto-da-Silva, L.H., Nadaes, N.R., Nascimento, M.T., Roatt, B.M., Reis, A.
B., Viana, K.F., Giunchetti, R.C., Saraiva, E.M., 2019. Neutrophil properties in
healthy and Leishmania infantum-naturally infected dogs. Sci. Rep. 9, 6247. https://
doi.org/10.1038/s41598-019-42687-9.

Zribi, L., El-Goulli, A.F., Ben-Abid, M., Gharbi, M., Ben-Sghaier, 1., Boufaden, I., Aoun, K.,
Bouratbine, A., 2017. Use of an interferon gamma release assay (IGRA) to test T-cell
responsiveness to soluble Leishmania infantum antigen in whole blood of dogs from
endemic areas. Vet. Parasitol. 246, 88-92. https://doi.org/10.1016/j.
vetpar.2017.08.029.


https://doi.org/10.1892/0891-6640(2002)016<0034:vliany>2.3.co;2
https://doi.org/10.1016/j.vetpar.2011.04.019
https://doi.org/10.1016/j.vetpar.2011.04.019
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0100
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0100
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0100
https://doi.org/10.1371/journal.pone.0140325
https://doi.org/10.1017/S003118201600055X
https://doi.org/10.1017/S003118201600055X
https://doi.org/10.1155/2014/852104
https://doi.org/10.1155/2014/852104
https://doi.org/10.1155/2012/541571
https://doi.org/10.1155/2012/541571
https://doi.org/10.3389/fcimb.2018.00302
https://doi.org/10.3389/fcimb.2018.00302
https://doi.org/10.1186/s13071-017-2023-x
https://doi.org/10.1016/0035-9203(88)90510-x
https://doi.org/10.1016/j.vetpar.2006.06.028
https://doi.org/10.1016/j.cyto.2008.08.017
https://doi.org/10.1016/j.vetpar.2017.10.018
https://doi.org/10.1016/j.vetpar.2017.10.018
https://doi.org/10.1186/s13071-017-2062-3
https://doi.org/10.3390/vetsci9030116
https://doi.org/10.3390/vetsci9030116
https://doi.org/10.3390/vetsci5010031
https://doi.org/10.1016/s0952-7915(98)80163-5
https://doi.org/10.1038/s41598-019-55087-w
https://doi.org/10.1016/j.jcpa.2017.11.004
https://doi.org/10.1016/j.jcpa.2017.11.004
https://doi.org/10.1186/s13071-019-3827-7
https://doi.org/10.1186/s13071-019-3827-7
https://doi.org/10.1155/2020/9602576
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0195
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0195
http://refhub.elsevier.com/S2405-9390(23)00031-X/rf0195
https://doi.org/10.2147/CLEP.S44267
https://doi.org/10.1371/journal.pone.0244923
https://doi.org/10.1371/journal.pone.0244923
https://doi.org/10.1093/intimm/dxx075
https://doi.org/10.1093/intimm/dxx075
https://doi.org/10.1093/jhered/esi111
https://doi.org/10.1051/vetres:2008013
https://doi.org/10.1051/vetres:2008013
https://doi.org/10.3389/fimmu.2021.794627
https://doi.org/10.1016/s0304-4017(00)00223-5
https://doi.org/10.1016/s0304-4017(00)00223-5
https://doi.org/10.1016/s0304-4017(00)00223-5
https://doi.org/10.1016/s0304-4017(00)00223-5
https://doi.org/10.1016/j.vetpar.2009.05.022
https://doi.org/10.1186/s13071-016-1598-y
https://doi.org/10.1186/s13071-016-1598-y
https://doi.org/10.1038/srep32619
https://doi.org/10.1016/j.vetpar.2019.04.011
https://doi.org/10.1016/j.vetpar.2019.04.011
https://doi.org/10.1016/s1074-7613(00)80543-9
https://doi.org/10.1016/s1074-7613(00)80543-9
https://doi.org/10.1007/s00436-020-06973-0
https://doi.org/10.1007/s00436-020-06973-0
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1038/s41598-019-48350-7
https://doi.org/10.4269/ajtmh.2009.09-0229
https://doi.org/10.4269/ajtmh.2009.09-0229
https://doi.org/10.1196/annals.1307.041
https://doi.org/10.1196/annals.1307.041
https://doi.org/10.1038/s41598-019-42687-9
https://doi.org/10.1038/s41598-019-42687-9
https://doi.org/10.1016/j.vetpar.2017.08.029
https://doi.org/10.1016/j.vetpar.2017.08.029

	Immunological profile of two canine breeds in an endemic region of Leishmania infantum
	1 Introduction
	2 Materials and methods
	2.1 Ethics approval
	2.2 Animals and data collection
	2.3 Samples collection and cytokines analysis
	2.4 Statistical methods

	3 Results
	4 Discussion
	5 Conclusions
	Ethical statement
	Declaration of Competing Interest
	Acknowledgements
	References


