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Simple Summary: The reactive oxidative metabolites (ROMs), the antioxidant barrier (OXY), the
ratio between ROMs and OXY (OSi), thiol groups of plasma compounds (SHp) and the concentration
of High Mobility Group Box-1 protein (HMGB-1) were evaluated in dogs naturally infected by
Leishmania spp., correlating them with hematological and biochemical parameters. Results showed a
significant increase in SHp levels, and a negative correlation between ROMs and the number of red
blood cells, and between HGMB-1 and SHp, suggesting the potential role of oxidative stress in the
pathogenesis of canine leishmaniosis.

Abstract: This study aimed to investigate the role of oxidative stress parameters (ROMs, OXY,
SHp), the Oxidative Stress index (OSi), and High Mobility Group Box-1 protein (HMGB-1) in canine
leishmaniosis (CanL). For this study, thirty dogs, naturally infected with Leishmania spp. (Leishmania
Group, LEISH) and ten healthy adult dogs (control group, CTR) were included. The diagnosis of
CanL was performed by a cytological examination of lymph nodes, real time polymerase chain
reaction on biological tissues (lymph nodes and whole blood), and an immunofluorescence antibody
test (IFAT) for the detection of anti-Leishmania antibodies associated with clinical signs such as
dermatitis, lymphadenopathy, onychogryphosis, weight loss, cachexia, lameness, conjunctivitis,
epistaxis, and hepatosplenomegaly. The HMGB-1 and oxidative stress parameters of the LEISH
Group were compared with the values recorded in the CTR group (Mann Whitney Test, p < 0.05).
Spearman rank correlation was applied to evaluate the correlation between the HMGB-1, oxidative
stress biomarkers, hematological and biochemical parameters in the LEISH Group. Results showed
statistically significant higher values of SHp in the LEISH Group. Specific correlation between the
ROMs and the number of red blood cells, and between HGMB-1 and SHp were recorded. These
preliminary data may suggest the potential role of oxidative stress in the pathogenesis of CanL.
Further studies are undoubtedly required to evaluate the direct correlation between inflammation
parameters with the different stages of CanL. Similarly, further research should investigate the role of
ROMs in the onset of anemia.

Keywords: canine leishmaniosis; HGMB-1; ROMs; OXY; SHp; OSi

1. Introduction

The Canine leishmaniasis (CanL), caused by Leishmania infantum, is a vector-borne
zoonotic protozoan disease transmitted by the bite of a female phlebotomine sand fly.
Leishmania infantum is the same causative agent of the Zoonotic Visceral Leishmaniasis
(ZVL), a disease endemic in the region of the Mediterranean basin, Africa, Asia, and South
America, affecting more than 100,000 people annually [1,2]. The dog is considered the main
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reservoir of the parasite and plays an important role in the transmission of the disease to
humans [3].

Alterations of the immune system and the inflammatory response are widely docu-
mented [4-6]. The disease is characterized by an exacerbated humoral immune response
with a related depression of cellular immune response against the parasite [7-10]. The ap-
pearance of a broad spectrum of clinical signs (cutaneous alterations, lymphadenomegaly,
onychogryphosis) and/or pathological abnormalities such as glomerulonephritis, pol-
yarthritis, or uveitis derived from immune-complexes deposition [11-13] are considered
the consequence of the immunological imbalance.

The severity of the disease is strongly related to the immune reaction of the host [4—6,14].
Leishmania spp. are able to evade the immune system and perpetuate the infection through
the inhibition of the inflammatory cell oxidative metabolism and by using macrophages
and neutrophils as carriers during the early stages of infection [15-18]. Once the disease
is established, neutrophils restore peroxide production and contribute to the oxidative
stress [19,20].

It has been suggested that oxidative stress may play an important role in the patho-
genesis of hepatic and renal damage during Leishmania spp. infection [21-23].

High Mobility Group Box-1 protein (HMGB-1) is a DNA-associated nuclear protein se-
creted by activated macrophages and neutrophils during the inflammation and it passively
leaks from necrotic or damaged cells [24,25]. HMGB-1 released into the intravascular space
acts as an alarmin with the ability to intensify local inflammatory responses, interacts with
endothelial cells, and activates the secretion of soluble pro-inflammatory mediators [26-28].

Some authors have highlighted that the High Mobility Group Box-1 protein (HGMB-1)
is integral to the response to oxidative stress [27]. The release of damage-associated
molecular patterns (DAMPs), including HGMB-1, is reported as the result of cellular
inflammation induced by Leishmania infection [28].

In addition, HMGB-1 is reported as a marker of various canine diseases including sys-
temic inflammatory response syndrome, lymphoma, prostate cancer, and babesiosis [29-32].

The present study aimed to evaluate the reactive oxidative metabolites (ROMs), the
antioxidant barrier (OXY), the ratio between ROMs and OXY (OSi), thiol groups of plasma
compounds (SHp) and the concentration of HGMB-1 in blood samples of dogs naturally
infected with Leishmania spp. Moreover, the objective was to investigate the relationship
between these variables and the hematological and biochemical parameters of liver and/or
kidney injuries.

2. Materials and Methods
2.1. Ethical Statement

The study was conducted according to the Italian Laws (L. n. 281/1991, L.R. 15/2000,
Dlgs. 26/2014) and the standards recommended by the European Council Directive
2010/63/EU. It was approved by the Ethics Committee of the Department of Veterinary
Sciences, University of Messina (Approval number: 22; date of approval 9 June 2018).
Dogs enrolled in the study were recruited at a shelter belonging to an animal protection
organization in Messina (Sicily, South Italy). Dog Shelters” Administration was informed
of the research objectives and the clinical procedures. Before sample and data collection, a
signed informed consent form was obtained.

2.2. Animals

A total of 40 neutered mixed-breed dogs of both genders housed in a shelter were
included in the study.

There were 30 dogs (19 males and 11 females, with an average body weight of
17.5kg £ 2.8 and a mean age 5.1 £ 2.2 years old) naturally infected with L. infantum
(Group LEISH), while the other 10 healthy dogs (7 males and 3 females, with a bodyweight
of 14.1 kg £ 2.7 kg, and a mean age of 6.4 & 3.7 years old), who were serologically, para-
sitologically and molecularly negative, were considered as the control group (Group CTR).
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Dogs with associated conditions, such as neoplastic, endocrine, metabolic, infectious
(Ehrlichia, Anaplasma spp.), and parasitic (Babesia spp., microfilariae) diseases, were ex-
cluded from the study.

All animals did not receive any drug therapy in the last 30 days before the onset of
the sampling. The diagnosis of CanL. was made by the detection of amastigotes in the
cytological examination of lymph nodes aspirates by the immunofluorescence antibody
test (IFAT), and by a real time polymerase chain reaction (PCR) [3,8,33].

Sera were tested for the presence of antibodies against L. infantum by IFAT using
MHOM/TN/80/IPT1 as a whole parasite antigen preparation fixed on multispot slides
provided by CReNaL (National Reference Center for Leishmaniosis, Istituto Zooprofilattico
Sperimentale della Sicilia, Palermo, Italy), and a fluorescent labeled anti-canine gamma
globulin (Sigma Aldrich, St. Louis, MO, USA) was used as the conjugate. The cut-off value
was established at 1:80. The reading was performed by the same observer (AP) using a
fluorescence microscope. Positive and negative controls provided by CReNaL were added
for each test to verify the validity of the results [34].

Leishmania real-time polymerase chain reaction (PCR) was performed on whole blood
and lymph node samples using the routine diagnostic services, primers and methods
already validated [35].

All infected dogs were classified into four different clinical stages according to the
presence of clinical signs and laboratory results, as proposed by the LeishVet group [11,36].

2.3. Collection of Blood Samples

Blood samples were collected at the same time (9:00 a.m.) by jugular or cephalic
venepuncture from each dog using the vacutainer blood collection system. Blood was
drawn into two different types of tubes: one containing tripotassium ethylenediaminete-
traacetic acid (K3EDTA) (S-Monovette® Sarstedt, Niimbrecht, Germany) for complete
blood count (CBC) and the other with no additive. After clotting and centrifugation (ALC
4235 A, Milan, Italy) at 3000 g for 20 min at room temperature, the obtained serum was
transferred in Eppendorf tubes with caps and stored at —80 °C until the analysis.

2.4. Samples Analysis

ROMs were assessed by the levels of hydroperoxides (R-ooH) generated by the per-
oxidation of lipids, amino acids, proteins, and nucleic acids during tissue damage and
the molecules photometrically detected following the t reaction with a properly buffered
chromogen. Values directly related to the color intensity were expressed in Carratelli units
(1 CaRR u = 0.08 mg% hydrogen peroxide).

OXY was evaluated by the assay of residual unreacted radicals present after the
oxidant action of an excess of hypochlorous acid with the plasma within the water solution.
A decrease in values is directly correlated with the alteration of the plasma barrier due to
oxidation and consequently to the severity of the injury. OXY values were expressed in
mmol/L.

The ratio between the values of derivatives of reactive oxygen metabolites (d-ROMs)
and OXY (x100) (Oxidative Stress index, OSi) is an arbitrary value, used as an index of
the plasma redox status; high values indicate a higher concentration of oxidized molecules
than non-enzymatic antioxidants [37].

SHp were assayed by the ability of thiol groups to develop a colored complex when
reacting with DTNB (5,5-dithiobis-2-nitrobenzoic acid). Decreased values are directly
correlated with a lower efficacy of the thiol antioxidant barrier.

HMGB-1 was measured in EDTA plasma by means of a commercially available
human ELISA kit (IBL-International, Hamburg, Germany) previously validated for canine
species [38].

Oxidative stress parameters (ROMs, OXY, and SHp) in the serum samples were
assessed with an ultraviolet spectrophotometer (Slim SeaC, Florence, Italy) with a “spin
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traps” technique, based on the detection of colored derivatives complexes coming from the
reaction between oxygen metabolites and free radicals.

Hematological examination including red blood cell count (RBC), hematocrit (PCV),
hemoglobin concentration (Hgb), blood platelet count (PLT), and differential white blood
cell count (WBC) was performed on each K3EDTA sample by a hematology analyzer
(Procyte Dx, IDEXX Laboratories, Inc., Westbrook, MEO).

The serum obtained from centrifugation was used to perform a biochemical examina-
tion using a chemistry analyzer (Catalyst Dx, IDEXX Laboratories, Inc., Westbrook, ME,
USA). Blood urea nitrogen (BUN), creatinine (CREA), total protein (TP), alanine-amino
transferase (ALT), aspartate-amino transferase (AST), albumin (ALB) and globulin (GLOB)
were assessed. All samples were assayed in duplicate.

2.5. Statistical Analysis

The statistical analysis was performed using SPSS for Windows package (Version 17.0,
SPSS, Inc., Chicago, IL, USA). All results were expressed as the mean =+ standard deviation
(SD). Distribution of the data was tested by the Kolmorov-Smirnov test. An unpaired t-test
was performed to assess the differences between the two groups. For the determination of
the relationship between the oxidative stress markers and hematological and biochemical
variables, Spearman’s rank test was used. The significance level was set at p = 0.05.

3. Results

Eleven dogs (11/30; 33%) belonging to LEISH group were classified as Leishvet stage
I, nine (9/30; 27%) were in stage 11, seven (7/30; 21%) in stage III, and three (3/30; 9%) in
stage IV [11]. Clinical findings included cutaneous lesions (onychogryphosis, ulcerations,
erythema, alopecia, popular dermatitis, exfoliative dermatitis), ocular diseases (blepharitis,
keratitis, uveitis), peripheral lymph-adenomegaly, weight loss, and epistaxis (Table 1).
Changes in the laboratory analytes included anemia, leucocytosis, thrombocytopenia,
hyperglobulinemia, hypoalbuminemia, an increase of BUN, and CREA.

Table 1. Clinical staging of dogs affected by CanL (LEISH Group).

Clinical Signs and Laboratory

Clinical Stage n (sex) Serology PCR/Cytology Findings
Stage I Positive .. Onychogryphosis, peripheral
(Mild disease) 11OM,3F) (8 Lo, 4 Me) Positive lymph-adenomegaly
E>;foliative dermatitis, onychogryphosis,
Stage 11 Positive .. ulcerations, epistaxis, non-regenerative
(Moderate disease) 9@M,5F) (3 Lo, 6 Me) Positive anemia, hyperglobulinemia,
hypoalbuminemia
Exfoliative dermatitis, onychogryphosis,
ulcerations, epistaxis, weight loss, uveitis
Stage III Positive o and glomerulonephritis, anemia,
(Severe disease) 7@4M,3E) (1 Me, 3 Hi) Positive hyperglobulinemia, hypoalbuminemia,
increase of BUN and CREA
(1.4-2mg/dL) [36].
Exfoliative dermatitis, onychogryphosis,
thrombocytopenia, ulcerations, epistaxis,
Stage IV Positive o weight loss, uveitis, glomerulonephritis,
(Very severe disease) 3@M,1F) (3 Hi) Positive anemia, hyperglobulinemia,

hypoalbuminemia, increase of BUN and
CREA (>2mg/dL) [36].

LEISH, dogs infected with Leishmania spp.; M, male; F, female; Lo, low titer (>1:80, <1:60); Me, medium titer (>1:320, <1:640); Hi, high
titer (>1: 640 [11]). BUN, Blood urea nitrogen, CREA, Creatinine.

The values of each variable expressed as a mean and SD are reported in Tables 2 and 3.
The dogs belonging to the LEISH group showed a statistically higher value of SHp com-
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pared to the control group (p = 0.047, 171.63 = 134.2 umol/L versus 65.59 £ 18.26 umol/L).
No significant differences were observed in values of ROMs, OSi, and HGMB-1 (Table 2).
Although SHp levels were above reference ranges [39] for the species examined, they were
significantly higher (p = 0.032) in dogs belonging to Group LEISH clinically staged as
I-II (154 £ 140 umol/L) compared with dogs staged as III-IV (82.70 + 67.68 pmol/L).
A statistically significant difference in the number of red blood cells (RBC) (p = 0.13),
hemoglobin (Hgb) (p = 0.17), and packed cell volume (PCV) (p = 0.05) concentration was
observed between the two groups. Statistically significant higher values of BUN (p = 0.02)
and creatinine (CREA) (p = 0.001) were detected in Group LEISH than in CTR (Table 3).

Table 2. Concentration of HGMB-1 (High Mobility Group Box-1 protein), ROMs (reactive oxidative
metabolites), OXY (antioxidant barrier), SHp (thiol groups of plasma compounds) and OSi (ratio
between ROMs and OXY) in the serum of dogs affected by CanL (LEISH Group) and in control
(CTR Group).

LEISH CTR
Variable Unit p-Value
Mean SD Mean SD
ROMs (U CARR) 239.1 103.3 217.3 29.47 Ns
(0)4 (umol HCLO/mL) 409 181 339.3 108.2 Ns
SHp (umol/L) 108.7 75.6 65.6 18.3 0.047
OSi % 57.21 49.54 49.27 20.70 Ns
HMGB-1 (ng/mL) 12.1 10.5 7.3 2.6 Ns

LEISH, dogs infected with Leishmania spp.; CTR, dogs uninfected with Leishmania spp.; Ns, statistically non-
significant differences.

Table 3. Hematological and biochemical variables in dogs affected by CanL (LEISH Group).

Variable Unit LEISH IR Reference p-Value
Mean SD Mean SD Ranges [40,41]

RBC (10°/uL) 4.6 1.8 7.3 2.6 <0.01
Hgb (ng/mL) 12.7 29 15.2 1.99 14.7-17.7 0.02
PCV (%) 39.3 5.1 43.1 6.2 42-53 0.05

WBC (103/uL) 14.6 49 9.7 1.2 4.6-10.6 <0.01
PLT (103/uL) 227 115 290 97 150-400 Ns
UREA (mg/dL) 40.5 115 26.8 11.5 5-21 0.02

CREA (mg/dL) 1.8 0.5 0.9 0.3 0.3-1.2 <0.01
ALT (U/L) 41.6 21.1 35.6 13.2 0-40 Ns
AST (U/L) 46.3 20.3 34.8 10.7 0-40 Ns

ALB (g/dL) 2.95 0.46 3.6 0.41 3.0-4.4 <0.01
GLOB (g/dL) 3.4 0.40 2.8 0.41 1.8-3.9 0.02
TP (g/dL) 6.5 0.6 6.4 0.4 6.4-7.9 Ns

RBC, Red blood cell count; PCV, hematocrit; Hgb, hemoglobin concentration; WBC, white blood cell count; PLT,
blood platelet count; CREA, Creatinine, ALT, Alanine-amino transferase; AST, Aspartate-amino transferase; ALB,
Albumin; GLOB, Globulin; TP, total protein.

Spearman’s correlation and regression (R?) analysis of the data obtained from the
LEISH group showed a negative correlation between SHp and HGMB-1 (p < 0.001). A
positive correlation was detected between OSi and ROMs (p = 0.03; r = 0.77). A negative
correlation was recorded between ROMs and RBC (p = 0.02; r = —0.57), OSi and OXY
(p <0.001; r = —0.79), and OSi and TP (p = 0.01; r = —0.58). No correlation was found
between hematological and biochemical parameters. Data are reported in Tables 4 and 5.
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Table 4. Correlation between different HGMB-1 and oxidative stress variables in LEISH Group dogs

(Spearman rank order) (* p < 0.05).

ROMs Ooxy SHp OSi HMGB-1
ROMs 1.0 —0.30 —0.34 0.77* 0.40
OXY —0.30 1.0 -0.35 -0.79 * -0.13
SHp —0.34 —0.34 1.0 —-0.27 —0.64*
OSi 0.77 % —-0.79 * —-0.27 1.0 0.42
HMGB-1 0.40 -0.13 —0.64 * 0.42 1.0

ROMs, reactive oxidative metabolites; OXY, antioxidant barrier; SHp, thiol groups of plasma compounds; OSi,
ratio between ROMs and OXY; HGMB-1, High Mobility Group Box-1 protein.

Table 5. Correlation between HMGB-1, oxidative stress and hematochemical analytes in LEISH Group dogs (Spearman
rank order) (* p < 0.05).

RBC Hgb PCV WBCs PLT ALT AST BUN CREA ALB GLOB TP
ROMs —-0.57* 0.34 —-0.49 0.19 0.15 0.03 0.54 0.13 —0.05 0.21 0.19 -0.31
OXY 0.26 —0.24 0.34 —0.44 0.25 —0.02 -0.30 0.04 0.10 —-0.11 —0.28 0.44
SHp 0.21 0.52 0.03 0.15 —0.06 —0.01 0.03 0.08 0.01 —0.23 —0.20 0.34
OSi 0.20 —0.10 —0.45 —0.03 —0.10 0.16 0.30 0.04 0.16 —0.26 0.08 —0.58 *
HMGB-1 0.06 0.26 0.03 —0.07 —0.06 —0.01 0.03 0.08 0.01 0.01 —0.29 0.34

RBC, Red blood cell count; PCV, hematocrit; Hgb, hemoglobin concentration; WBC, white blood cell count; PLT, blood platelet count;
BUN, Blood Urea Nitrogen; CREA, Creatinine, ALT, Alanine-amino transferase; AST, Aspartate-amino transferase; ALB, Albumin; GLOB,
Globulin; TP, total protein; ROMs, reactive oxidative metabolites; OXY, antioxidant barrier; SHp, thiol groups of plasma compounds; OSi,
ratio between ROMs and OXY; HGMB-1, High Mobility Group Box-1 protein.

4. Discussion

This study aimed to evaluate the possible changes in the oxidative stress biomarkers
and HGMB-1 in dogs affected by CanL and to correlate these values with hematological
and biochemical parameters. The inflammatory response is addressed to impair the action
of pathogens and it is exploited throughout the production and release of several mediators.
Amongst them, oxidant compounds are released from neutrophils and macrophages
after cytokines and phagocytosis stimulation. Oxidative stress is considered to have
an important role in diseases and aging, as the cause and/or contributing factor [42]; its
potential as a prognostic biomarker of non-resolving inflammation is under evaluation both
in human and veterinary medicine. Oxidative stress results from an imbalance between
the production of reactive oxygen species and the capacity of the cells to readily detoxify
the injurious oxidants or easily repair the resulting damage [43]. The utility of oxidative
stress biomarkers could be particularly important in CanL since it has been proved that in
the early phase of infection, the Leishmania parasite inhibits the phagocytes production of
oxidants, survives, and replicates within macrophages [22]. After this period of latency,
inflammation takes advantage and phagocytes, especially neutrophils, burst the production
of oxygen radicals as a defense mechanism against the host [9,44].

The possible role of any oxygen-free radical in CanL has been investigated in the
recent years, showing its involvement in the pathogenesis of the disease [9,45-47].

Although the mechanisms for regulating HMGB-1 release and activity are not clear,
experimental studies indicate that oxidative stress is a common mechanism regulating
HMGB-1 translocation, release, and activity [24]. One major contributor to oxidative
damage is HyO,, which is converted from superoxide that leaks from the mitochondria.
H;,0; induces both active and passive HMGB-1 release from macrophage and monocyte
cultures in a time- and dose-dependent fashion [48]. HGMB-1 plays an important role in
the pathogenesis of inflammation-associated diseases [49,50].
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In this study, significantly higher values of SHp were observed in the LEISH Group
in stages I-1I of disease. Although SHp is a component of oxidative stress like ROMs and
OXY, its increase suggests that SHp values could be a more sensitive biomarker [47] in
the clinically moderate stages of CanlL, since their activation by Leishmania spp. switch
off the cytokine and LPS activation of the macrophage respiratory burst above all the NO
production, thus allowing the parasite to survive [51].

Results have not shown a significant increase in HGMB-1 in dogs affected by CanL
in different stages but have indeed demonstrated a negative correlation with SHp values.
This correlation could be strongly and negatively dependent on the oxidative stress-species
activity that inhibits the cellular release of HGMB-1 [52].

Our results showed significantly higher OSi values in the LEISH than the CTR group.
OSi allows a global view of the degree of oxidative stress because it relates to the pro
and antioxidant status, thus avoiding data misinterpretation. It is well known that high
values of OSi could reflect an imbalance between oxidant and antioxidant systems, with
an over-accumulation of ROMs which can affect membrane structure and, consequently,
changes in their fluidity [53-55]. A significant positive correlation was detected between
OSi and ROMs, while a negative correlation was observed between ROMs and RBC in the
LEISH group.

The oxidative part is the measurement of total peroxides or hydroperoxides (ROMs),
produced from the oxidation of numerous molecules, such as lipids, proteins, and amino
acids; therefore, this is a measure of oxidative impairment.

As the ideal balance between oxidants and antioxidants, the positive correlation
between OSi and ROMs detected in the present study should indicate a predominant
oxidant status in dogs affected by CanL, resulting, presumably, from the host defence
mechanism against the increase in oxidation caused by the parasite [45]. As suggested
from previous studies, the degree of oxidative damage may be related to the clinical stages
of disease [56-58].

In the present study, the dogs with leishmaniosis showed a significantly lower value
of RBCs, Hgb, and PCV, indicating the presence of anemia. Anemia is clinically defined
as decreased hemoglobin and hematocrit levels, and/or a reduced erythrocyte count. A
negative correlation was found between the OSi and the erythrocyte count.

Anemia is one of the most common laboratory findings reported in dogs affected by
CanL [59,60], but its pathogenesis is complex and not definitively assessed.

Different organs may suffer severe hypoxia, as determined by the changes of these
blood parameters [61]. This blood finding may be related to bleeding, hemolysis, inflam-
mation, renal failure, chronic disease, and marrow aplasia or hypoplasia [62]. A shortened
lifespan of RBCs associated with a modification in membrane lipid fluidity following
oxidative stress has been reported in dogs with CanL [45,63].

The negative correlation between the OSi and erythrocyte count, reported in the
present study, suggests the critical role of ROMs in the development of anemia.

ROMs are strongly correlated with anemia and play a crucial role in eryptosis. Indeed,
oxidative stress may induce an early and altered eryptosis, not compensated by adequate
erythropoiesis [64,65].

The increase of oxidative intra- and extra-erythrocytic stress causes erythrocyte mem-
brane damage and deformity, causing accelerated hemolysis [61]. Although oxidative
stress is not the primary etiology of these different types of anemia, it mediates several
mechanisms involved in their onset [66].

With regard to the white blood cell count, hypoalbuminemia, hyperglobulinemia,
and an increase in urea and creatinine are common laboratory findings described in
CanL [67,68]. According to previous reports, the renal damage is attributed to immune
complex glomerulonephritis and tubulointerstitial nephritis, undoubtedly considered the
main cause of death in the affected animals [69,70]. Although no significant correlation
appeared, uremia may be considered a contributor to the onset of anemia by the toxic
effects on red blood cells, decreasing the half-life of erythrocytes [71,72].
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5. Conclusions

Although oxidative stress has been reported in humans and dogs [56-58,73,74] with
Leishmania infection, the role of HGMB-1 in this parasitic disease remains understood. The
present study shows that leishmaniosis promotes clear alterations in oxidative stress and
hematological findings. Even in a small cohort of cases, we pose the attention to the value
of OSi and SHP as useful markers of stress in the clinically moderate stages of Leishmania
infection. Further research is required to evaluate the correlation between parasite density,
clinical status, and oxidative stress markers in dogs with leishmaniosis.

Author Contributions: Conceptualization: A.P. and M.P; data curation: A.P. and M.P; formal
analysis: M.P,; investigation: M.P,, A.F. and A.P,; methodology: M.P,, G.O. and M.G.; writing—original
draft: preparation M.P,, A.S. and A.P,; writing—review and editing: M.P., G.O. and A.P.; supervision:
A.P. and G.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the Italian Laws (L.
n. 281/1991, L.R. 15/2000, Dlgs. 26/2014) and the standards recommended by the European Council
Directive 2010/63/EU. It was approved by the Ethics Committee of the Department of Veterinary
Sciences, University of Messina (Approval number: 22; date of approval 9 June 2018).

Data Availability Statement: The raw data from this research are available upon request to the
corresponding author.

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

References

1. World Health Organization. Control of the Leishmaniases: Report of a Meeting of the WHO Expert Committee on the Control of
Leishmaniases; WHO Technical Report Series; World Health Organization: Geneva, Switzerland, 2010.

2. Campino, L.; Maia, C. The role of reservoirs: Canine leishmaniasis. In Drug Resistance in Leishmania Parasites—Consequences,
Molecular Mechanism and Possible Treatments, 2nd ed.; Ponte-Sucre, A., Padron-Nieves, M., Diaz, E., Eds.; Springer: Vienna, Austria,
2018; pp. 45-64.

3. Alvar,J.; Canavate, C.; Molina, R.; Moreno, J.; Nieto, J. Canine leishmaniasis. Adv. Parasitol. 2004, 57, 1-88. [CrossRef]

4. Melo, G.D; Seraguci, T.F; Schweigert, A.; Silva, J.E.; Grano, F.G.; Peir6, J.R.; Lima, V.M.; Machado, G.E. Pro-Inflammatory
cytokines predominate in the brains of dogs with visceral leishmaniasis: A natural model of neuroinflammation during systemic
parasitic infection. Vet. Parasitol. 2013, 192, 57-66. [CrossRef] [PubMed]

5. Schaut, R.G.; Lamb, I.M.; Toepp, A.J.; Scott, B.; Mendes-Aguiar, C.O.; Coutinho, ].F.; Jeronimo, S.M.; Wilson, M.E.; Harty, ].T.;
Waldschmidt, T.J.; et al. Regulatory IgDhi B Cells Suppress T Cell Function via IL-10 and PD-L1 during Progressive Visceral
Leishmaniasis. J. Immunol. 2016, 196, 4100-4109. [CrossRef]

6.  Solano-Gallego, L.; Montserrrat-Sangra, S.; Ordeix, L.; Martinez-Orellana, P. Leishmania Infantum-Specific Production of IFN-y
and IL-10 in Stimulated Blood From Dogs With Clinical Leishmaniosis. Parasit. Vectors 2016, 9, 459. [CrossRef] [PubMed]

7. Maia, C.; Campino, L. Methods for diagnosis of canine leishmaniasis and immune response to infection. Vet. Parasitol. 2008, 158,
274-287. [CrossRef]

8.  Solano-Gallego, L.; Koutinas, A.; Mirz, G.; Cardoso, L.; Pennisi, M.G.; Ferrer, L.; Bourdeau, P; Oliva, G.; Baneth, G. Directions for
the diagnosis, clinical staging, treatment and prevention of canine leishmaniosis. Vet. Parasitol. 2009, 165, 1-18. [CrossRef]

9.  Paltrinieri, S.; Solano-Gallego, L.; Fondati, A.; Lubas, G.; Gradoni, L.; Castagnaro, M.; Crotti, A.; Maroli, M.; Oliva, G.; Roura, X,;
et al. Guidelines for diagnosis and clinical classification of leishmaniasis in dogs. J. Am. Vet. Med. Assoc. 2010, 236, 1184-1191.
[CrossRef] [PubMed]

10. Hosein, S.; Blake, D.; Solano-Gallego, L. Insights on adaptive and innate immunity in canine leishmaniosis. Parasitology 2017, 144,
95-115. [CrossRef]

11. Solano-Gallego, L.; Mird, G.; Koutinas, A.; Cardoso, L.; Pennisi, M.; Ferrer, L.; Bordeau, P; Oliva, G.; Baneth, G. LeishVet
guidelines for the practical management of canine leishmaniosis. Parasit. Vec. 2011, 4, 86. [CrossRef] [PubMed]

12. Koutinas, A.; Koutinas, C. Pathologic mechanisms underlying the clinical findings in canine leishmaniasis due to Leishmania
infantum/chagasi. Vet. Pathol. 2014, 51, 527-538. [CrossRef]

13. Meléndez-Lazo, A.; Ordeix, L.; Planellas, M.; Pastor, J.; Solano-Gallego, L. Clinicopathological findings in sick dogs naturally
infected with Leishmania infantum: Comparison of five different clinical classification systems. Res. Vet. Sci. 2018, 117, 18-27.
[CrossRef]

14. Barbiéri, C.L. Immunology of canine leishmaniasis. Parasite Immunol. 2006, 28, 329-337. [CrossRef]

15.  Bochsler, PN.; Slauson, D.O. Inflammation and repair tissue. In Mechanisms of Disease: A Textbook of Comparative General Pathology,

3rd ed.; Slauson, D.O., Cooper, B.J., Eds.; Mosby Inc.: St. Louis, MO, USA, 2002; pp. 140-245.


http://doi.org/10.1016/S0065-308X(04)57001-X
http://doi.org/10.1016/j.vetpar.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/23207017
http://doi.org/10.4049/jimmunol.1502678
http://doi.org/10.1186/s13071-016-1751-7
http://www.ncbi.nlm.nih.gov/pubmed/27549209
http://doi.org/10.1016/j.vetpar.2008.07.028
http://doi.org/10.1016/j.vetpar.2009.05.022
http://doi.org/10.2460/javma.236.11.1184
http://www.ncbi.nlm.nih.gov/pubmed/20513195
http://doi.org/10.1017/S003118201600055X
http://doi.org/10.1186/1756-3305-4-86
http://www.ncbi.nlm.nih.gov/pubmed/21599936
http://doi.org/10.1177/0300985814521248
http://doi.org/10.1016/j.rvsc.2017.10.011
http://doi.org/10.1111/j.1365-3024.2006.00840.x

Animals 2021, 11, 754 9of 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Cunningham, A.C. Parasitic adaptive mechanisms in infection by leishmania. Exp. Mol. Pathol. 2002, 72, 132-141. [CrossRef]
[PubMed]

Laskay, T.; Zandbergen, G.; Solbach, W. Neutrophil granulocytes-Trojan horses for Leishmania major and other intracellular
microbes? Trends Microbiol. 2003, 11, 210-214. [CrossRef]

Sousa-Franco, J.; Aratijo-Mendes, E.; Silva-Jardim, I.; L-Santos, ].; Faria, D.R.; Dutra, W.O.; de Fatima Horta, M. Infection-induced
Respiratory Burst in BALB/c Macrophages Kills Leishmania Guyanensis Amastigotes Through Apoptosis: Possible Involvement
in Resistance to Cutaneous Leishmaniasis. Microbes Infect. 2006, 8, 390—-400. [CrossRef]

Goémez-Ochoa, P; Lara, A.; Couto, G.; Marcen, ].M.; Peris, A.; Gascon, M.; Castillo, J.A. The nitroblue tetrazolium reduction test
in canine leishmaniasis. Vet. Parasitol. 2010, 172, 135-138. [CrossRef] [PubMed]

Gomez-Ochoa, P.; Sabate, D.; Homedes, J.; Ferrer, L. Use ofthe nitroblue tetrazolium reduction test for the evaluation of
Domperidone effects on the neutrophilic function of healthy dogs. Vet. Immunol. Immunopathol. 2012, 146, 97-99. [CrossRef]
[PubMed]

Kumar, V,; Tiwari, N.; Gedda, M.R.; Haque, R.; Singh, R.K. Leishmania donovani infection activates Toll-like receptor 2,
4 expressions and Transforming growth factor-beta mediated apoptosis in renal tissues. Braz. ]. Infect Dis. 2017, 21, 545-549.
[CrossRef] [PubMed]

Panaro, M.A.; Brandonisio, O.; de Caprariis, D.; Cavallo, P.; Cianciulli, A.; Mitolo, V.; Otranto, D. Canine leishmaniasis in
Southern Italy: A role for nitric oxide released from activated macrophages in asymptomatic infection? Parasit. Vectors. 2008, 1,
10. [CrossRef]

Reis, A.B.; Martins-Filho, O.A.; Teixeira-Carvalho, A.; Giunchetti, R.C.; Carneiro, C.M.; Mayrink, W.; Tafuri, W.L.; Correa-Oliveira,
R. Systemic and compartmentalized immune response in canine visceral leishmaniasis. Vet. Immunol. Immunopathol. 2009, 128,
87-95. [CrossRef]

Palumbo, R. Extracellular HMGB], a signal of tissue damage, induces mesoangioblast migration and proliferation. . Cell. Biol.
2004, 164, 441-449. [CrossRef]

Scaffidi, P.; Misteli, T.; Bianchi, M.E. Release of chromatin protein HMGB1 by necrotic cells triggers inflammation. Nature. 2002,
418, 191-195. [CrossRef] [PubMed]

Fiuza, C. Inflammation-promoting activity of HMGB1 on human microvascular endothelial cells. Blood 2002, 101, 2652-2660.
[CrossRef]

Tang, D.; Kang, R.; Zeh, H.]J., III; Lotze, M.T. High-mobility group box 1, oxidative stress, and disease. Antioxid. Redox Signal.
2011, 14, 1315-1335. [CrossRef]

Thorstenberg, M.L.; Rangel Ferreira, M.V.; Amorim, N.; Canetti, C.; Morrone, EB.; Alves Filho, J.C.; Coutinho-Silva, R. Purinergic
Cooperation Between P2Y2 and P2X7 Receptors Promote Cutaneous Leishmaniasis Control: Involvement of Pannexin-1 and
Leukotrienes. Front. Immunol. 2018, 9, 1531. [CrossRef]

Meyer, A.; Eberle, N.; Bullerdiek, J.; Nolte, I.; Simon, D. High-mobility group B1 proteins in canine lymphoma: Prognostic value
of initial and sequential serum levels in treatment outcome following combination chemotherapy. Vet. Comp. Oncol. 2010, 8,
127-137. [CrossRef]

Sterenczak, A.; Joetzke, E.; Willenbrock, S.; Eberle, N.; Lange, S.; Junghanss, C.; Nolte, I.; Bullerdiek, J.; Simon, D.; Escobar,
H.M. High-mobility Group B1 (HMGB1) and Receptor for Advanced Glycation End-products (RAGE) Expression in Canine
Lymphoma. Anticancer Res. 2010, 30, 5043-5048. [PubMed]

Yu, D.H.; Nho, D.H,; Song, R.H.; Kim, S.H.; Lee, M.].; Nemzek, J.A.; Park, ]. High-mobility group box 1 as a surrogate prognostic
marker in dogs with systemic inflammatory response syndrome. J. Vet. Emerg. Crit. Care. 2010, 20, 298-302. [CrossRef]

Kules, J.; Goti¢, J.; Mrljak, V.; Bari¢, R.; Rafaj, R.B. Blood markers of fibrinolysis and endothelial activation in canine babesiosis.
BMC Vet. Res. 2017, 13, 82. [CrossRef] [PubMed]

Miro, G.; Cardoso, L.; Pennisi, M.G.; Oliva, G.; Baneth, G. Canine leishmaniosis—New concepts and insights on an expanding
zoonosis: Part two. Trends Parasitol. 2008, 24, 371-377. [CrossRef] [PubMed]

Maurelli, M.P; Bosco, A.; Foglia Manzillo, V.; Vitale, F.; Giaquinto, D.; Ciuca, L.; Molinaro, G.; Cringoli, G.; Oliva, G.; Rinaldi,
L.; et al. Clinical, molecular and serological diagnosis of canine leishmaniosis: An integrated approach. Vet. Sci. 2020, 7, 43.
[CrossRef]

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]

IRIS Staging of CKD. Available online: http://www.iris-kidney.com/education/staging_system.html (accessed on
19 November 2020).

Tafuri, S.; Marullo, A.; Ciani, E; Della Morte, R.; Montagnaro, S.; Fiorito, F; De Martino, L. Reactive oxygen metabolites in
alpha-herpesvirus-seropositive Mediterranean bufaloes (Bubalus bubalis): A preliminary study. Pol. J. Vet. Sci. 2018, 21, 639-642.
[CrossRef] [PubMed]

Ishida, A.; Ohno, K.; Fukushima, K.; Nakashima, K.; Takahashi, M.; Goto-Koshino, Y.; Fujino, Y.; Tsujimotp, H. Plasma high-
mobility group box 1 (HMGB1) in dogs with various diseases: Comparison with C-reactive protein. J. Vet. Med. Sci. 2011, 73,
1127. [CrossRef] [PubMed]


http://doi.org/10.1006/exmp.2002.2418
http://www.ncbi.nlm.nih.gov/pubmed/11890722
http://doi.org/10.1016/S0966-842X(03)00075-1
http://doi.org/10.1016/j.micinf.2005.07.007
http://doi.org/10.1016/j.vetpar.2010.04.024
http://www.ncbi.nlm.nih.gov/pubmed/20483539
http://doi.org/10.1016/j.vetimm.2012.01.018
http://www.ncbi.nlm.nih.gov/pubmed/22364963
http://doi.org/10.1016/j.bjid.2017.04.007
http://www.ncbi.nlm.nih.gov/pubmed/28606413
http://doi.org/10.1186/1756-3305-1-10
http://doi.org/10.1016/j.vetimm.2008.10.307
http://doi.org/10.1083/jcb.200304135
http://doi.org/10.1038/nature00858
http://www.ncbi.nlm.nih.gov/pubmed/12110890
http://doi.org/10.1182/blood-2002-05-1300
http://doi.org/10.1089/ars.2010.3356
http://doi.org/10.3389/fimmu.2018.01531
http://doi.org/10.1111/j.1476-5829.2010.00216.x
http://www.ncbi.nlm.nih.gov/pubmed/21187488
http://doi.org/10.1111/j.1476-4431.2010.00539.x
http://doi.org/10.1186/s12917-017-0995-6
http://www.ncbi.nlm.nih.gov/pubmed/28363279
http://doi.org/10.1016/j.pt.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/18603476
http://doi.org/10.3390/vetsci7020043
http://doi.org/10.1128/JCM.37.9.2931-2935.1999
http://www.iris-kidney.com/education/staging_system.html
http://doi.org/10.24425/124300
http://www.ncbi.nlm.nih.gov/pubmed/30468352
http://doi.org/10.1292/jvms.10-0540
http://www.ncbi.nlm.nih.gov/pubmed/21558736

Animals 2021, 11, 754 10 of 11

39.

40.
41.
42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

Passantino, A.; Quartarone, V.; Pedilliggeri, M.C.; Rizzo, M.; Piccone, G. Possible application of oxidative stress parameters for
the evaluation of animal welfare in sheltered dogs subjected to different environmental and health conditions. J. Vet. Behav. 2014,
9,290-294. [CrossRef]

Douglas, J.; Weiss, K.; Wardrop, ]. Schalm’s Veterinary Hematology, 6th ed.; Wiley, ]. & Sons: Hoboken, NJ, USA, 2011.

Kaneko, J.J.; Harvey, ].W.; Bruss, M.L. Clinical Biochemistry of Domestic Animals, 6th ed.; Elsevier: New York, N, USA, 2008.
Ghezzi, P,; Jaquet, V.; Marcucci, F.; Schmidt, H.H. The oxidative stress theory of disease: Levels of evidence and epistemological
aspects. Br. ]. Pharmacol. 2017, 174, 1784-1796. [CrossRef]

Sies, H. Oxidative stress: A concept in redox biology and medicine. Redox. Biol. 2015, 4, 180-183. [CrossRef]

Serarslan, G.; Yilmaz, H.R.; S6giit, S. Serum Antioxidant Activities, Malondialdehyde and Nitric Oxide Levels in Human
Cutaneous Leishmaniasis. Clin. Exp. Dermatol. 2005, 30, 267-271. [CrossRef]

Bildik, A.; Kargin, F; Seyrek, K.; Pasa, S.; Ozensoy, S. Oxidative stress and non-enzymatic antioxidative status in dogs with
visceral Leishmaniasis. Res. Vet. Sci. 2004, 77, 63-66. [CrossRef]

Heidarpour, M.; Soltani, S.; Mohri, M.; Khoshnegah, J. Canine visceral leishmaniasis: Relationships between oxidative stress,
liver and kidney variables, trace elements, and clinical status. Parasitol. Res. 2012, 1491-1496. [CrossRef]

Rubio, C.P; Martinez-Subiela, S.; Tvarijonaviciute, A.; Hernandez-Ruiz, J.; Pardo-Marin, L.; Segarra, S.; Ceron, J.J. Changes
in Serum Biomarkers of Oxidative Stress After Treatment for Canine Leishmaniosis in Sick Dogs. Comp. Immunol. Microbiol.
Infect. Dis. 2016, 49, 51-57. [CrossRef]

Tang, D.; Shi, Y.; Kang, R.; Li, T.; Xiao, W.; Wang, H.; Xiao, X. Hydrogen peroxide stimulates macrophages and monocytes to
actively release HMGBL. |. Leukoc. Biol. 2007, 81, 741-747. [CrossRef]

Andersson, U.; Tracey, K.J. HMGBI is a therapeutic target for sterile inflammation and infection. Annu. Rev. Immunol. 2011, 29,
139-162. [CrossRef]

Harris, H.E.; Andersson, U.; Pisetsky, D.S. HMGB1: A multifunctional alarmin driving autoimmune and inflammatory disease.
Nat. Rev. Rheumatol. 2012, 8, 195-202. [CrossRef] [PubMed]

Tiemi Shio, M.; Hassani, K.; Isnard, A.; Ralph, B.; Contreras, I.; Gomez, M.A.; Abu-Dayyeh, I.; Olivier, M. Host Cell Signalling
and Leishmania Mechanisms of Evasion. . Trop. Med. 2012, 2012, 819512. [CrossRef]

Yu, Y;; Tang, D.; Kang, R. Oxidative stress-mediated HMGB1 biology. Front. Physiol. 2015, 7, 6-93. [CrossRef]

Martinez-Soto, J.C.; Landeras, ].; Gadea, J. Spermatozoa and seminal plasma fatty acids as predictors of cryopreservation success.
Andrology 2013, 1, 365-375. [CrossRef]

Tafuri, S.; Ciani, E; Iorio, E.L.; Esposito, L.; Cocchia, N. Reactive oxygen species (ROS) and male fertility. In New Discoveries in
Embryology; Wu, B., Ed.; Intechopen: London, UK, 2015; pp. 19-40.

Sanchez-Rodriguez, M.A.; Mendoza-Nufez, V.M. Oxidative Stress Indexes for Diagnosis of Health or Disease in Humans.
Oxid. Med. Cell. Longev. 2019, 25, 4128152. [CrossRef]

Almeida, B.EM.; Narciso, L.G.; Melo, L.M.; Preve, P.P.,; Bosco, A.M.; Lima, V.M.E; Ciarlini, P.C. Leishmaniasis causes oxidative
stress and alteration of oxidative metabolism and viability of neutrophils in dogs. Veterinary J. 2013, 198, 599-605. [CrossRef]
Solca, M.S.; Andrade, B.B.; Abbehusen, M.M.C.; Teixeira, C.R.; Khouri, R.; Valenzuela, ].G.; Kamhawi, S.; Torres Bozza, P.; Mothe
Fraga, D.B.; Borges, V.M.; et al. Circulating Biomarkers of Immune Activation, Oxidative Stress and Inflammation Characterize
Severe Canine Visceral Leishmaniasis. Sci. Rep. 2016, 6, 32619. [CrossRef] [PubMed]

Quintavalla, F.; Basini, G.; Bussolati, S.; Carrozzo, G.G.; Inglese, A.; Ramoni, R. Redox Status in Canine Leishmaniasis. Animals
2021, 11, 119. [CrossRef]

Ciaramella, P.; Corona, M. Canine leishmaniasis: Clinical and diagnostic aspects. Vet. Learn. 2003, 25, 358-368.

Reis, A.B.; Martins-Filho, O.A.; Teixeira Carvalho, A.; Carvalho, M.G.; Mayrink, W.; Franca-Silva, ].C.; Giunchetti, R.C.; Genaro,
O.; Corréa-Oliveira, R. Parasite density and impaired biochemical /hematological status are associated with severe clinical aspects
of canine visceral leishmaniasis. Res. Vet. Sci. 2006, 81, 68-75. [CrossRef]

Ward, J.P.; Aaronson, PI. Mechanisms of hypoxic pulmonary vasoconstriction: Can anyone be right? Respir. Physiol. 1999, 115,
261-271. [CrossRef]

Koutinas, A.F; Polizopoulou, Z.S.; Saridomichelakis, M.N.; Argyriadis, D.; Fytianou, A.; Plevraki, K. Clinical considerations
on canine visceral leishmaniasis in Greece: A retrospective study of 158 cases (1989-1996). J. Am. Anim. Hosp. Assoc. 1999, 35,
376-383. [CrossRef]

Britti, D.; Sconza, S.; Morittu, V.M.; Santori, D.; Boari, A. Superoxide dismutase and glutathione peroxidase in the blood of dogs
with Leishmaniasis. Vet. Res. Commun. 2008, 32, 251-254. [CrossRef] [PubMed]

Lang, F; Abed, M.; Lang, E.; Foller, M. Oxidative stress and suicidal erythrocyte death. Antioxid. Redox. Signal. 2014, 21, 138-153.
[CrossRef]

Lang, E.; Lang, F. Mechanisms and pathophysiological significance of eryptosis, the suicidal erythrocyte death. Semin. Cell.
Dev. Biol. 2015, 39, 35-42. [CrossRef]

Grune, T.; Sommerburg, O.; Siems, W.G. Oxidative Stress in Anemia. Clin. Nephrol. 2000, 53, S18-522.

Fibach, E.; Rachmilewitz, E. The Role of Oxidative Stress in Hemolytic Anemia. Curr. Mol. Med. 2008, 8, 609-619. [CrossRef]
[PubMed]

Koutinas, A.F,; Saridomichelakis, M.; Mylonakis, M.E.; Papadopoulos, O. A randomised, blinded, placebo-controlled clinical trial
with allopurinol in canine leishmaniosis. Vet. Paras. 2001, 98, 247-261. [CrossRef]


http://doi.org/10.1016/j.jveb.2014.06.009
http://doi.org/10.1111/bph.13544
http://doi.org/10.1016/j.redox.2015.01.002
http://doi.org/10.1111/j.1365-2230.2005.01758.x
http://doi.org/10.1016/j.rvsc.2004.01.005
http://doi.org/10.1007/s00436-012-2985-8
http://doi.org/10.1016/j.cimid.2016.09.003
http://doi.org/10.1189/jlb.0806540
http://doi.org/10.1146/annurev-immunol-030409-101323
http://doi.org/10.1038/nrrheum.2011.222
http://www.ncbi.nlm.nih.gov/pubmed/22293756
http://doi.org/10.1155/2012/819512
http://doi.org/10.3389/fphys.2015.00093
http://doi.org/10.1111/j.2047-2927.2012.00040.x
http://doi.org/10.1155/2019/4128152
http://doi.org/10.1016/j.tvjl.2013.08.024
http://doi.org/10.1038/srep32619
http://www.ncbi.nlm.nih.gov/pubmed/27595802
http://doi.org/10.3390/ani11010119
http://doi.org/10.1016/j.rvsc.2005.09.011
http://doi.org/10.1016/S0034-5687(99)00025-0
http://doi.org/10.5326/15473317-35-5-376
http://doi.org/10.1007/s11259-008-9121-3
http://www.ncbi.nlm.nih.gov/pubmed/18688743
http://doi.org/10.1089/ars.2013.5747
http://doi.org/10.1016/j.semcdb.2015.01.009
http://doi.org/10.2174/156652408786241384
http://www.ncbi.nlm.nih.gov/pubmed/18991647
http://doi.org/10.1016/S0304-4017(01)00399-5

Animals 2021, 11, 754 11 of 11

69.

70.

71.

72.

73.

74.

Amusategui, I; Sainz, A.; Rodriguez, F; Tesouro, M.A. Distribution and relationships between clinical and biopathological
parameters in canine leishmaniasis. Eur. J. Epidemiol. 2003, 18, 147-156. [CrossRef] [PubMed]

Parody, N.; Cacheiro-Llaguno, C.; Osuna, C.; Renshaw-Calderon, A.; Carlos Alonso, C.; Carnés, J. Circulating Immune Complexes
Levels Correlate with the Progression of Canine Leishmaniosis in Naturally Infected Dogs. Vet. Paras. 2019, 274, 108921.
[CrossRef] [PubMed]

Gizzarelli, M.; Fiorentino, E.; Ben Fayala, N.E.H.; Montagnaro, S.; Torras, R.; Gradoni, L.; Oliva, G.; Foglia Manzillo, V.
Assessment of Circulating Immune Complexes During Natural and Experimental Canine Leishmaniasis. Front. Vet. Sci. 2020, 7,
273. [CrossRef] [PubMed]

Paltrinieri, S.; Gradoni, L.; Roura, X.; Zatelli, A.; Zini, E. Laboratory tests for diagnosing and monitoring canine leishmaniasis.
Vet. Clin. Pathol. 2016, 45, 552-557. [CrossRef] [PubMed]

Paltrinieri, S.; Ravicini, S.; Rossi, G.; Roura, X. Serum concentrations of the derivatives of reactive oxygen metabolites (d-ROMs)
in dogs with leishmaniosis. Vet. J. 2009, 186, 393-395. [CrossRef]

Dolai, S.; Adak, S. Endoplasmic reticulum stress responses in Leishmania. Mol. Biochem. Parasitol. 2014, 197, 1-8. [CrossRef]
[PubMed]


http://doi.org/10.1023/A:1023090929302
http://www.ncbi.nlm.nih.gov/pubmed/12733837
http://doi.org/10.1016/j.vetpar.2019.108921
http://www.ncbi.nlm.nih.gov/pubmed/31536867
http://doi.org/10.3389/fvets.2020.00273
http://www.ncbi.nlm.nih.gov/pubmed/32509808
http://doi.org/10.1111/vcp.12413
http://www.ncbi.nlm.nih.gov/pubmed/27805725
http://doi.org/10.1016/j.tvjl.2009.08.019
http://doi.org/10.1016/j.molbiopara.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25224909

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Animals 
	Collection of Blood Samples 
	Samples Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

