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ARTICLE INFO ABSTRACT

Keywords: Leishmania spp. are an intracellular protozoa present in many countries around the world. In Europe, both the
Cirneco dell’Etna parasite and the disease it causes, leishmaniasis, are endemic in the Mediterranean basin. Clinical signs and
Cytokines severity of disease are highly variable depending on the host in both humans and dogs, traditionally considered
il‘:lga te immune response the main reservoir of the parasite. The reason for these differences is not known, but it has been speculated that
Leishmania some hosts present immune response, related to activation of Thl and Th17, capable of controlling the spread

of the parasite, and that these immune responses are related to the genetic background of the host. The Ibizan
hound, an autochthonous canine breed of the Mediterranean basin, has been postulated as a breed resistant to
infection, but other canine breeds evolutionarily close to it and native to this region have not been studied. One
of them is the Cirneco dell’Etna, native to the island of Sicily in southern Italy. In this study, the immune re-
sponse against L. infantum infection in this canine breed was analysed. The results showed that infected dogs of
this breed present high levels of several cytokines related to Thl and Th17 immune response, and significant
correlation between serum levels of cytokines related to disease resistance. Further studies are necessary in this
canine breed to determine the mechanisms of immune response and genetic background related to L. infantum

infection control.

1. Introduction

Leishmaniasis is a parasitic disease caused by protozoa from the
genus Leishmania. These parasitic protozoan are transmitted to verte-
brate hosts, including humans through the bites of infected female phle-
botomine sandflies [23]. Different species of Leishmania cause the dis-
eases and are distributed around the world [1], with leishmaniasis be-
ing endemic in different regions worldwide, including Africa, Asia,
America and Europe. In Europe, the disease is endemic mainly in the
Mediterranean basin [42]. Several species of mammals are involved in
transmission, although the dog has traditionally been considered the
main reservoir of the parasite [26]. Like humans, dogs present different
clinical signs and severity of disease [8], but the cause of these individ-
ual differences is not yet fully understood. It is well known that T cell-
mediated immunity plays a fundamental role in controlling the disease
and several cytokines such as interferon gamma (IFN-y) have been re-

* Corresponding authors.

lated to vaccination response [33] and with clinical presentation and
progression of disease [25]. Genetic background of the host has been
demonstrated as a relevant factor in the development of disease. In fact,
polymorphisms of canine genes such as NRAMP1 [2] or MHC class II
[34] have been related to development of disease. In addition, some ca-
nine breeds have different prevalence of the disease [14], and some
breeds such as the Ibizan hound do not develop clinical signs [39].
Studies carried out in this canine breed showed relevant differences in
serum cytokine levels compared with the Boxer breed, considered one
of the most sensitive [3], and genomic studies have demonstrated that
Ibizan hound dogs have relevant polymorphisms in several genes re-
lated to immune response control [4].

Phylogenetic studies have shown that Ibizan hound are genetically
close to other autochthonous canine breeds of the Mediterranean basin,
such as the Cirneco dell’Etna or Pharaoh hound breed [41]. Cirneco
dell’Etna is a descendant from the hunting dogs of the era of the
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pharaohs in Ancient Egypt, like the Ibizan hound [10,32]. However,
studies related to immune response in other possible resistant canine
breeds such as Cirneco dell’Etna or Pharaoh hound are scarce.

The aim of this study is to analyse the cytokine profile in serum of
Cirneco dell’Etna breed and crossbred dogs (mixed breed dogs), and its
relation to immune response against L. infantum infection.

2. Material and methods
2.1. Animals and epidemiological data

A total of 48 dogs were studied, consisting of 18 animals living in
the Valencia Community (Eastern Spain, Mediterranean region) and 30
in Catania province (Eastern Italy, Mediterranean region), from Octo-
ber to December 2023. Written informed consent was obtained from
the owners of all participant dogs. Epidemiological data on age, sex,
breed, vaccination status and clinical signs were collected. None of the
animals received repellents and only dogs apparently healthy (without
clinical signs compatible with Leishmania infection according to Solano-
Gallego et al. [40]) were included in the study. Ages were grouped as
young (from 1 to 5 years), adult (from 5 to 10 years) and elder (more
than 10 years) [6]. According to canine breed, animals were divided
into two groups, crossbred and Cirneco dell’Etna dogs with full known
pedigree.

2.2. Sample collection and Leishmania infantum infection diagnostic

Ten millilitres of whole blood were taken by jugular venipuncture
using two Vacutainer tubes, one with EDTA total DNA extraction and
another without anticoagulant. The samples were kept at room temper-
ature for 10 min and total DNA isolation was carried out within 24 h of
whole blood extraction. Tubes without anticoagulant were centrifuged
at 3000 rpm for 10 min and serum was separated and transferred into
cryovials and stored at — 80 °C until the laboratory analysis was carried
out.

Serum samples were tested for anti-Leishmania specific im-
munoglobulin G (IgG) antibodies by indirect immunofluorescent anti-
body test (IFAT) (MegaFLUO® LEISH, Megacor Diagnostik GmbH, Hor-
branz, Austria) and only samples with IFAT title > 1/80 were consid-
ered seropositive [29]. To confirm L. infantum infection, total DNA was
extracted using Invitrogen PureLinkTM Genomic DNA Mini Kit
(Thermo Fisher Scientific, Waltham, MA, USA) following the manufac-
turer’s instructions. DNA was quantified using a NanoDrop spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, USA) and only sam-
ples with A260/A280 ratio > 1.8 were used. Quantitative PCR was per-
formed by amplification of kinetoplast minicircle DNA following the
protocol published previously [9]. Briefly, the primers used were 5’-
GGCGTTCTGCGAAAACCG-3’, 5’-AAAATGGCATTTTCGGGCC-3° and
TagMan probe 5’-FAM-TGGGTGCAGAAATCCCGTTCA-3’, and the reac-
tion was carried out in 20 pL reaction containing 0.3 pM of each
primer, 0.25 uM of probe and 20 ng of DNA. The conditions were a first
step of UNG step at 50 °C during 150 s, second step of denaturation for
10 min at 95 °C, and 40 cycles of denaturation at 95 °C for 15 s, and an-
nealing-polymerisation at 60 °C for 35 s.

2.3. Serum cytokine level analysis

The IFN-y, IL-2, IL-4, IL-6, IL-8, IL-10 and IL-12 (Canine IFN-y ELISA
kit, Canine IL-2 ELISA kit, Canine IL-6 ELISA kit, Canine IL-8 ELISA Kit,
Canine IL-10 ELISA kit and Canine IL-12 ELISA kit, AssayGenie, Dublin,
Ireland) levels were measured in serum samples by commercial ELISA
kit method following the manufacturer’s recommendations. In brief, a
100 pl of serum was used for the analysis with sandwich-ELISA. The mi-
croplate was pre-coated with an antibody specific to cytokines. The
sample were added to the microplate wells and combined with the spe-
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cific antibody. Then, a biotinylated detection antibody specific for each
cytokine and Avidin-Horseradish peroxidase (HRP) conjugate were
added successively to each microplate well and incubated. Free compo-
nents were washed away. The substrate solution was added to each
well. The enzyme-substrate reaction was determined by the optical den-
sity (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 analysis

The homogeneity of epidemiological data on the dogs included was
evaluated by Fisher’s test analysis, and normality and homoscedasticity
of quantitative variables were checked by Shapiro-Wilks and Levéne
test, respectively. Serum levels of cytokines and epidemiological data
were analysed using the General Linear Model procedure (PROC GLM)
of the SAS statistical package (version 9.2, North Carolina State Univer-
sity, USA) for each cytokine. The model was carried out with sex, age,
breed and L. infantum infection as fixed effects and pairwise interac-
tions were included. Lineal regression and Pearson’s correlation test
and between serum cytokine levels was carried out. The statistical sig-
nificance was set at p-value < 0.05.

3. Results

Of all animals included in this study, 19 of all animals were males
(39.6 %), whereas 22 were young (45.8 %) and 20 dogs were adults
(41.7 %). Regarding breed, 30 dogs were Cirneco dell’Etna breed (62.5
%), whereas 18 dogs were crossbred (37.5 %). Twenty-four of the ani-
mals were positive for L. infantum infection (50 %), but none of them
presented clinical signs compatible with the disease (Table 1). 12 of the
Cirneco dell’Etna dogs and 12 crossbred dogs were L. infantum positive
(50 %).

As to serum cytokine levels in infected and non-infected dogs, cy-
tokine levels differed depending on the dog breed, being higher the lev-
els of IL-2 and IL-6 in crossbred than in Cirneco dell’Etna dogs in non-
infected (Table 2) and higher levels of IFN-y and IL-8 in crossbred than

Table 1
Epidemiological data of dogs included in the study.

Variable Categories No. of dogs (%)
Sex Male 19 (39.58 %)
Female 29 (60.42 %)
Age Young (1-5 years) 22 (45.83 %)
Adult (5-10 years) 20 (41.67 %)
Elder (> 10 years) 6 (12.50 %)
Breed Cirneco dell’Etna 30 (62.50 %)
Crossbred 18 (37.50 %)
L. infantum infection Yes 24 (50.00 %)
No 24 (50.00 %)
Table 2

Cytokine serum levels in non-infected dogs depending on canine breed. IFN:
interferon; IL: interleukin. Levels of cytokines show as mean + SD. p-value <
0.05 was considered as significant difference.

Cytokine serum levels (pg/mL) Canine Breed p-value

Cirneco dell’Etna Crossbred

IFN-y 322.06 = 541.09 368.69 = 307.71 0.844
IL-2 40.73 * 50.77 1963.45 + 228.37 < 0.05
1L-4 130.58 + 81.40 69.26 + 24.49 0.086
IL-6 87.52 + 81.47 3743.53 + 435.46 < 0.05
1L-8 166.34 + 268.14 189.44 + 152.49 0.844
IL-10 233.97 = 413.18 140.51 * 76.76 0.592
IL-12 242.26 + 465.77 141.63 * 68.35 0.608
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in Cirneco dell’Etna dogs in infected dogs (Table 3). A statistical effect
was observed of age and L. infantum infection according to canine
breed. In fact, interactions between breed and several epidemiological
factors included were significant, so that, although in the crossbred ani-
mals there was no effect of age, sex, or L. infantum infection on levels of
any of the cytokines analysed (Table 4), there was an effect in Cirneco
dell’Etna dogs. In this canine breed, infected dogs presented higher lev-
els of IL-2 and IL-6 than non-infected, whereas levels of other cytokines
analysed were similar between these groups. Related to age, in Cirneco
dell’Etna dogs IL-6 serum levels were higher in elder than young and
adult dogs (Table 5). High variability was found in serum levels of cy-
tokines evaluated, mainly in IFN-y, IL-2, IL-6 and IL-12.

Linear regression between cytokines was also related to canine
breed. Whereas in Cirneco dell’Etna dogs IL-12 serum levels had linear
regression with all cytokines evaluated, in crossbred dogs this regres-
sion only remained for IL-2 and IL-6. Cirneco dell’ Etna dogs also had
linear regression between levels of IL-10 and IFN-y and IL-8.

In all animals included, high correlation (r > 0.9) was found be-
tween IFN-y and IL-8, between IL-2 and IL-6, and between IL-10 and IL-
12 (Figs. 1d, 1h, and 1u for crossbred, and Figs. 2d, 2h and 2u for
Cirneco dell’Etna breed). Unlike what was observed in crossbred dogs,
Cirneco dell’Etna dogs also showed strong positive correlations (r >
0.9) between IFN-y and IL-12, and between IL-8 and IL-12 (Figs. 2f and
2t).

Table 3

Cytokine serum levels in infected dogs depending on canine breed. IFN: inter-
feron; IL: interleukin. Levels of cytokines show as mean + SD. p-value <
0.05 was considered as significant difference.

Cytokine serum levels (pg/mL) Canine breed p-value

Cirneco dell’Etna Crossbred

IFN-y 315.86 + 297.12 1622.08 + 194.07 < 0.05
IL-2 137.32 = 271.44 571.89 * 124.31 0.249
IL-4 104.94 = 102.67 139.09 *+ 117.80 0.451
IL-6 294.39 + 552.00 1110.16 * 250.13 0.282
IL-8 163.26 = 147.23  709.45 * 83.42 < 0.05
IL-10 144.87 = 84.12 206.74 +145.69 0.216
IL-12 154.48 = 121.97 294.86 * 230.96 0.076
Table 4
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4. Discussion

In this study, serum cytokine levels in Cirneco dell’Etna and cross-
bred dogs seropositive and seronegative for L. infantum infection were
evaluated. Results showed an effect of infection in levels of IL-2 and IL-
6 only in Cirneco dell’Etna dogs. In this canine breed, adult animals had
higher serum levels of IL-6 than elder or young animals. These differ-
ences were not observed in the crossbred dogs. Lineal regression was
observed between IL-12 serum levels and all cytokines analysed in
Cirneco dell’Etna, but not in the crossbred dogs. Finally, a relationship
between cytokines evaluated changed depending on canine breed too,
showing high correlation between IFN-y and IL-12, and between IL-8
and IL-12, not found in crossbred dogs.

Resistance to Leishmania spp. infection is dependent on the activa-
tion macrophages and T helper 1 (Th1) cells, which produce proinflam-
matory cytokines favouring elimination of the parasite. Anti-
inflammatory cytokines produced by T helper 2 (Th2) cells have been
linked to proliferation and dissemination of parasite and disease pro-
gression [38]. IL-2 is one of the proinflammatory cytokines and has a
relevant role in the proliferation of Th1 cells, essential for the activation
of the host macrophages, and is associated with an increase in IFN-y
production [27]. This cytokine can promote T cell proliferation, as well
as Treg development and activation [36]. In fact, immunotherapy with
IL-2 reduces the infection of Leishmania spp. both in vitro [15] and in
vivo [30]. Therefore, high values of this cytokine favour the host’s abil-
ity to eliminate the parasite. However, the role of IL-6 in the regulation
of Leishmania spp. infection does not seem so clear. Whereas several
studies reported high levels of IL-6 during the active phase of visceral
leishmaniasis in human [13,16], other authors stated that IL-6 has a
pleiotropic effect, so induces the Th17 cells generation and stimulates
IL-17 production [20]. This production of proinflammatory cytokine IL-
17 is correlated with resistance to L. infantum infection both in humans
[28] and dogs [35], acting as a synergic effect with IFN-y.

The results of our study indicate that, while in crossbred dogs the in-
fection does not modify the levels of these two cytokines, in Cirneco
dell’Etna dogs infected by L. infantum both cytokines had higher values
than in uninfected animals. This suggests a different immune response
to infection depending on the genetic background of the host in agree-
ment with Krayem and Lipoldova [21]. Differential serum levels of cy-
tokines according to canine breed have been found previously [24] and
higher levels of IL-2 were observed in Ibizan hound dogs (resistant
breed) than in Boxer dogs (susceptible breed) [22]. Several studies indi-

Cytokine serum levels in crossbred dogs. Different superscript within the same category shows statistical differences in cytokine serum levels. IFN: interferon; IL:

interleukin. Serum levels of cytokines was show as mean = SD.

Variable Categories IFN-y (pg/mL) IL-2 (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-8 (pg/mL) IL-10 (pg/mL) IL-12 (pg/mL)
Sex Male 1536.94 = 208.36 627.96 + 1248.74 117.91 + 120.72 1184.95 * 2402.14 658.06 * 896.05 173.78 = 142.90 230.63 + 220.00
Female 681.54 + 523.30 1676.54 £ 2255.51 112.54 + 60.01 3249.80 *= 4386.14 344.47 = 259.32 201.76 *= 110.25 264.45 *= 189.35
Age Adult 1433.45 + 1850.07 872.1721.41 129.44 + 105.60 1672.45 = 3347.11 630.42 = 794.14 198.02 + 140.17 274.65 * 219.79
Elder 402.19 + 357.61 1606.10 + 1881.97 68.12 *+ 28.62 3092.21 + 3696.95 206.05 = 177.22 13791 = 67.87 135.75 * 73.06
L. infantum infection Yes 1622.08 + 1940.73 571.89 + 1243.13 139.09 = 114.80 1110.116 + 2501.33 709.45 * 834.23 206.74 = 145.69 294.86 + 230.96
No 368.68 + 307.71 1963.45 + 2283.13 69.26 = 24.90 3743.53 = 4354.64 189.44 = 152.49 140.51 = 76.76 141.64 + 68.35

Table 5

Cytokine serum levels in Cirneco dell’Etna dogs. Different superscript within the same category shows statistical differences in cytokine serum levels. IFN: inter-

feron; IL: interleukin. Serum levels of cytokines was show as mean =+ SD.

Variable Categories IFN-y (pg/mL) IL-2 (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-8 (pg/mL) IL-10 (pg/mL) IL-12 (pg/mL)
Sex Male 448.17 + 616.18 161.24 = 329.21 128.97 = 78.13 323.48 + 682.94 228.83 + 305.35 292.03 *+ 503.66 301.31+ 547.61
Female 272.82 + 384.86 49.60 * 65.36 117.26 = 95.08 114.55 + 109.50 141.93 * 190.72 164.26 + 235.61 172.91 * 285.46
Age Young 328.81 = 497.55 46.78 = 54.89 135.99 * 96.23 99.00 + 89.70% 169.68 + 246.56 215.29 + 375.61 221.83 + 424.48
Adult 343.97 + 369.36 28.73 + 37.28 83.91 = 59.74 93.56 + 69.00" 177.20 + 183.04 168.38 + 92.11  190.62 = 133.26
Elder 144.84 = 35.62 589.79 + 539.88 58.13 + 1.09 1194.27 + 1154.76° 78.52 % 17.65 101.62 + 40.28 95.31 = 54.78
L. infantum infection Yes 315.86 + 297.12 137.32 + 271.44" 104.94 + 102.68 294.39 * 552.00" 163.26 * 147.23 144.87 + 84.12 154.48 = 121.97
No 322.06 + 541.09 40.73 * 50.77° 130.68 + 81.40  87.52 + 81.47° 166.34 = 268.14 233.97 + 413.18 242.26 * 465.77
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Fig. 1. Correlations found between serum levels of cytokines analyzed in crossbred dogs. IFN: interferon; IL: interleukin.; r: Pearson’s correlation coefficient.

gy, .

Fig. 1. (continued)

cated a relationship between these levels and some polymorphic vari-
ants in genes related to immunity and expression gene control both in
Boxer [5] and Ibizan hound dogs [4]. Given the evolutionary closeness
between Ibizan hound breed and Cirneco dell’Etna [10,32], genetic
studies related to cytokine serum levels and genomic variants in this ca-
nine breed would be interesting to elucidate the mechanisms that con-
fer a possible resistance to disease in Cirneco dell’Etna dogs and other
related canine breeds. Cirneco dell’Etna dogs presented different serum
levels of IL-6 according to age, these values being higher in adults than
in young or elder dogs. This canine breed is mainly used for wild rabbit
hunting (Federation Cynologique International), a practice for which
adult animals are usually used. Hunting is one of the epidemiological
factors associated with exposure to L. infantum in dogs [37], so the
higher levels of IL-6 in these adult dogs could be related to greater expo-
sure to the parasite.

High variability was found in cytokine serum levels, mainly in
Cirneco dell’Etna dogs. This variability could be related not only to in-
dividual phenotypic and genetic variability, but also to the different
populations of cells infected by Leishmania spp. In fact, Karagiannis et
al. [18] has demonstrated that not only macrophages are parasitised, as
other uncommon cell populations are related to L. donovani infection in
human. In macrophages, the primary host cells for Leishmania parasites,
a recent study showed the “sleepy macrophages” population and by As-
say for transposase-accessible chromatin using sequencing (ATAC)
technique demonstrated the heterogeneity post-infection with produc-
tion of several cytokines, specifically IL-10 and IL-12, and the relation-
ship between them in different macrophage populations during L. major
infection [19]. In line with this, our study showed high correlation be-
tween serum levels of IL-10 and IL-12 in all animals included. Positive
correlations between different serum cytokine levels have been re-
ported in L. guyanensis infected humans [12], indicating complex and
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Fig. 2. Correlations found between serum levels of cytokines analyzed in Cirneco dell’Etna dogs. IFN: interferon; IL: interleukin.; r: Pearson’s correlation coefficient.

still unknown relationships in the immune response related to Leishma-
nia spp. infection control, both in resistant and susceptible individuals.
In addition to the correlations observed in all the animals studied,
Cirneco dell’Etna dogs in particular also presented high positive corre-
lations between IL-12 with IFN-y and IL-8 serum levels. Proinflamma-
tory cytokine IL-12 has been studied as a possible candidate to develop
Th1l immune response and to induce IFN-y and facilitate NO production
[11], and is required to maintain a Th1 response [31], whereas the rela-
tionship between IL-12 and IL-8 is still unclear, although the role of IL-8
as neutrophil recruitment is well known [7].

Control and regulation of serum cytokine levels are influenced by
the Leishmania spp. infection in all organisms. Different expression pat-
terns of genes encoding several cytokines, including IL-12, have been
observed in human macrophages infected by L. major [17], which indi-
cates complex regulation of infection control not only with cytokine
levels, but also with regulatory mechanisms of gene expression. In fact,
studies carried out in Ibizan hound showed polymorphisms in epige-
netic regulatory genes [4], which could be related to an infection-
resistant phenotype. Without a doubt, the immune response and its reg-
ulation is closely related to the genetic background of the host, and
complex relationships between immunological factors play a relevant
role in the appearance or not of clinical signs and the control of Leish-
mania spp. infection.

5. Conclusions

For the first time, immune response against L. infantum infection has
been studied in Cirneco dell’Etna dogs, evolutionarily closely related to

the Ibizan hound, known as a canine breed resistant to infection. Re-
sults indicate that the regulation of infection by cytokines is different in
this canine breed from that in other dogs, and complex relationships be-
tween different cytokines are related to infection control, with a rele-
vant role of cytokines IL-2, IL-6, and IL-12. Further studies to elucidate
the mechanisms involved in infection resistance and genetic regulation
of cytokines are necessary in this canine breed.

CRediT authorship contribution statement

Annalisa Amato: Methodology, Data curation. Lola Martinez-
Saez: Writing — original draft, Data curation. Pablo Marin-Garcia:
Methodology, Formal analysis. Carmelo Cavallo: Investigation, Data
curation. Lola Llobat: Writing — review & editing, Writing — original
draft, Supervision, Project administration, Methodology, Investiga-
tion, Funding acquisition, Formal analysis, Data curation, Conceptual-
ization. Luigi Liotta: Writing — review & editing, Formal analysis,
Data curation, Conceptualization.

Consent for publication
Not applicable.
Ethics approval and consent to participate
The experimental protocol was approved by the Ethics Committee of

Universidad Cardenal Herrera CEU (protocol code VCS/022/PEA/
0279) and the Ethics Committee of the Messina University (protocol



L. Martinez-Sdez et al.

Comparative Immunology, Microbiology and Infectious Diseases xxx (xxxx) 102232

. " = :
¥ L]
] - "o L] ="
-4 . ]
L‘ L] o h‘ - - "'#‘ Pas % & L] - ™
- == e
-] “
- L L] BE i
e L
L]
! ™ : I"
-
* . N - o
: - »* . -
F‘k”. il ] - hh- g - +hﬂ' iy -
L4 gl B A n
] i m
L 5 .
- H
L
* - N
- i
' = - . -' #
" - ¥ h - o h L] o
a4 o LA -
L1 1 ul
* = ™ — L
- = 5
L]
K = = . - - . ) -
'h' - w® h @ ow @ "
L4 159 = u=
Fig. 2. (continued)

code 089/2022). The experimental protocols complied with the guide-
lines of the Ethic Committee. Blood samples were collected by the re-
searchers (veterinarians) after getting informed consent from the own-
ers of the horses. All efforts were made to minimize animal suffering
during sample collection. Oral and written informed consent was ob-
tained from all people who participated in the study.
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