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ABSTRACT

Background: Canine Leishmaniasis (CanL) is a multisystemic and chronic inflammatory disease characterized by nonspecific clinical manifestations. In CanL, inflammatory cells and chemical mediators released in response to the parasite play
a role in disease development and progression. Alterations on hematological parameters have been documented in CanL.
These changes can also be assessed in relation to systemic inflammation caused by this disease. The circulating leukocyte
counting, such as neutrophils, as well as the albumin level, are considered direct indicators of an inflammatory host environment. Several studies point to the use of biomarkers on the assistance in diagnosis and prognosis of several canine
pathologies. The present study investigated the Neutrophils to Lymphocyte Ratio (NLR), Albumin to Globulin Ratio (AGR),
and Neutrophils to Albumin Ratio (NAR) on systemic inflammatory response induced by Canine Leishmaniasis (CanL).
Materials, Methods & Results: For this purpose, adult dogs with confirmed diagnosis to CanL were divided into symptomatic
(SD, n = 33) and asymptomatic (AD, n = 20) dogs for L. infantum and control dogs (CD, n = 20). Routine hematological
and biochemical parameters were determined in blood samples using a veterinary automatic hematology and biochemical analyzers. Asymptomatic dogs (AD) had a higher number of white blood cells and neutrophils (16.48 ± 4.93; 13.41
± 3.60, respectively) in relation to symptomatic dogs (SD) (13.54 ± 5.13; 10.42 ± 3.69, respectively) (P = 0.015 and P <
0.0001, respectively). Neutrophils to Lymphocyte Ratio (NLR) was higher in dogs with leishmaniasis (9.45 ± 3.76) than
in healthy dogs (3.39 ± 1.19) (P < 0.0001). Serum total proteins (STP) and globulins increased in CanL, while albumin
and AGR decreased in CanL, when compared to CD and references values to canine species. Neutrophils to Albumin Ratio
(NAR) was higher in AD and SD (5.02 ± 1.14; 4.79 ± 1.07, respectively) when compared to CD (2.36 ± 0.55) (P < 0.0001).
Discussion: As reported in scientific researches, dogs with Leishmaniasis present alterations in circulating cell counts.
Based on these data, we decided to expand this information using the NLR as a parameter in an attempt to better clarify
the changes in these cells in CanL. We observed that NLR was increased on CanL in relation to healthy dogs, which
could be a consequence of relative neutrophilia rather than lymphopenia. Neutrophils to Lymphocyte Ratio (NLR) is a
biomarker that conveys information about inflammatory conditions. An elevated NLR can reflect an upregulated innate
immune response, since neutrophils are effector cells of innate immunity and are involved in several acute and chronic
inflammatory processes. Albumin is an acute phase protein that is considered an immune-inflammatory biomarker, which
can be found reduced systemically in progressive inflammatory response. Serum total proteins (STP) and globulins were
increased in CanL. These data are already well documented in CanL, which serum globulins are mainly associated with
the increase of acute phase proteins, cytokines, and increase of specific antibodies to Leishmania infantum. Our results
showed neutrophilia with hypoalbuminemia in CanL. So, in an attempt to assess the relationship of these two available
markers, we used NAR calculation in order to evaluate the changes induced by CanL. In this study NAR was higher in
CanL when compared to control dogs. Thus, our data indicate that NLR and NAR could be used as biomarkers in veterinary
medical clinics in order to assess inflammatory profile in CanL, mainly in asymptomatic dogs. These parameters obtained
from routine blood tests might be useful as cost-effective, easily accessible and helpful markers in order to distinguish the
inflammatory response intensity in CanL.
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INTRODUCTION

and bone marrow parasitological test for L. infantum
were considered as control dogs (CD, n = 20); asymptomatic dogs (AD = 20), which were animals that did
not show clinical and laboratorial changes and were
positive for infection by L. infantum, and symptomatic
dogs (SD = 33), which were animals with clinical and
laboratorial changes for routine testing, and has confirmed infection by L. infantum. It is noteworthy that
the infection in these dogs was established by serology
and parasitology.

Canine Leishmaniasis (CanL) is a multisystemic disease with a zoonotic character caused by the
protozoan Leishmania infantum from the blood meal
of infected sandflies [1]. which is characterized by
presenting various nonspecific clinical manifestations
[21,45,46].
In CanL, the immune response, which is mediated by the inflammatory cells and chemical molecules
induced by parasites, plays a role in development and
progression of this disease [5,27,38]. The initial immune response involves the migration of phagocytic
cells to the infection site [7,32,42], with neutrophils
being the most abundant cells with leishmanicidal
potential [7,11,14,30,33].
Although alterations in lymphocyte subpopulations and in other hematologic variables have been
documented in dogs with CanL [9,36], these changes
can also be assessed in relation to systemic inflammation caused by this disease. The use of biomarkers, such
as the albumin / globulin ratio (AGR) and the neutrophil / lymphocyte ratio (NLR), proved to be useful in
the prognosis of sarcoma [24], mast cell tumor [25],
multicentric lymphoma [28], septic peritonitis [17] and
other inflammatory conditions in dogs [34]. Another
important marker to be evaluated is the Neutrophil to
Albumin Ratio (NAR), since the count of circulating
leukocytes, such as neutrophils, as well as the albumin
level, are considered direct indicators of inflammatory
host environment [13,16,20,23,44].
In CanL the use of NLR and NAR as systemic
inflammatory biomarkers is unknown. Therefore, the
aim of this study was to investigate the role of NLR,
AGR, and NAR on the systemic inflammatory response
induced by CanL.

Hematology and biochemical evaluation

Blood samples (4 mL) were collected by
jugular venipuncture and distributed into two tubes,
without and with anticoagulants (EDTA-K2). The
leukocytes count was performed in a veterinary automatic hematology analyzer2. Differential counting
of neutrophils, lymphocytes, eosinophils and monocytes was performed on blood smears by a veterinary
clinical pathologist under an optical microscope3. The
Neutrophil to Lymphocyte Ratio (NLR) was calculated
according to absolute neutrophil count and the absolute
lymphocyte count obtained by routine blood tests. The
serum levels of total proteins (STP) and albumin were
determined according to the manufacturer’s instructions4. The globulins were calculated by the difference
between the total proteins and albumin values. The
Albumin to Globulin Ratio (AGR) was calculated by
dividing the concentrations of albumin and globulin,
while the Neutrophil to Albumin Ratio (NAR) was
calculated according to the absolute neutrophil count
and the albumin concentration obtained by routine
blood tests. The canine species reference intervals
values were used to compare the results.
Statistical analysis

Data analysis was performed by statistical
software5. Data with continuous variables were expressed as mean ± standard deviation and submitted
to the Shapiro-Wilk normality test. For non-parametric
data as leukocytes, lymphocytes, neutrophils, albumin,
globulin, NLR, AGR, NAR, and STP parameters, the
Kruskal-Wallis test were used, and for the comparison
between groups, the Mann-Whitney test was used. P
< 0.05 was considered significant.

MATERIALS AND METHODS

Animals

Adult dogs (aged between 3 and 8 years,
both sexes) captured by the Zoonoses Control Center
with positive serology tests for Leishmania infantum
infection (LVC Bio-Manguinhos® DPP associated
with ELISA)1 were used in this study. Bone marrow
aspiration was performed to investigate the amastigote
forms of Leishmania spp. Seventy-three dogs were
divided in 3 groups [45]: animals without clinical
manifestations and with negative results for serological

RESULTS

The inflammatory markers NLR, AGR, NAR,
and other parameters were evaluated in symptomatic
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(SD = 33) and asymptomatic (AD = 20) seropositive
dogs for L. infantum and control dogs (CD = 20) [Table
1 and Figure 1].
Initially, the total leukocyte count and cell
differentiation were performed. AD had a higher
number of WBC and neutrophils (16.48 ± 4.93;
13.41 ± 3.60, respectively) in relation to SD (13.54
± 5.13; 10.42 ± 3.69, respectively) [Table 1]. The
results indicated a tendency to neutrophilia with
lymphopenia in dogs infected by L. infantum when
compared to control dogs. NLR was higher in dogs
with leishmaniasis (9.45 ± 3.76) than healthy dogs
(3.39 ± 1.19) [P < 0.0001], and it was noted an

increase in NLR of AD (11.10 ± 4.36) when compared to SD (8.46 ± 3.00) (P < 0.0001) [Table 1 and
Figure 1].
Serum total proteins (STP) and globulins levels
(8.38 ± 1.12; 6.11 ± 0.88; respectively) were increased
in CanL, while albumin and AGR (2.24 ± 0.64; 0.36
± 0.11, respectively) were decreased in CanL, when
compared to CD (6.75 ± 0.54; 3.34 ± 0.76; 3.20 ± 0.60;
1.07 ± 0.58, respectively) and references values to
canine specie (Table 1). NAR presented higher values
in AD and SD (5.02 ± 1.14; 4.79 ± 1.07, respectively)
in comparison to CD (2.36 ± 0.55) (P < 0.0001) [Table
1 and Figure 1].

Figure 1. Evaluation of the NLR (A), AGR (B), and NAR (C) parameters in canine leishmaniasis. The lower and upper boundaries of the box represent
first and third quartiles of the data, respectively, with the line within the box representing the median. Statistically significant differences are indicated
by *(P < 0.05) and ***(P < 0.001). NLR, neutrophil-to-lymphocyte ratio; AGR, albumin-to-globulin ratio; NAR: neutrophil-to-albumin ratio; AD:
asymptomatic dogs; SD: symptomatic dogs; CD: control dogs; All cases: asymptomatic and symptomatic dogs.

Table 1. Systemic biomarkers in 53 dogs with canine leishmaniasis.
CanL
Parameter

Healthy dogs
(n = 20)

WBC (x103/L)

Asymptomatic
(n = 20)

Symptomatic
(n = 33)

All cases
(n = 53)

P value

Reference interval [10]

11.49 ± 2.46

16.48 ± 4.93b

13.54 ± 5.13c

14.65 ± 5.21bc

0.0159

6 to 17

Absolute neutrophil count (x103/L)

7.35 ± 1.52

13.41 ± 3.60

10.42 ± 3.69c

11.55 ± 3.91

< 0.0001

3 to 11.5

Absolute lymphocyte count (x103/L)

2.36 ± 0.76

1.31 ± 0.53

1.30 ± 0.56

1.30 ± 0.54

< 0.0001

1 to 3.6

NLR

3.39 ± 1.19

11.10 ± 4.36

c

8.46 ± 3.00

9.45 ± 3.76

c

< 0.0001

-

STP (g/dL)

6.75 ± 0.54

8.72 ± 1.21

8.18 ± 1.04

8.38 ± 1.12

< 0.0001

5.4 to 7.1

Albumin concentration (g/dL)

3.20 ± 0.60

2.48 ± 0.69

2.10 ± 0.58c

2.24 ± 0.64

< 0.0001

2.6 to 3.3

Globulin concentration (g/dL)

3.34 ± 0.76

6.32 ± 0.87

5.98 ± 0.87

6.11 ± 0.88

< 0.0001

2.7 to 4.4

AGR

1.07 ± 0.58

0.40 ± 0.13

0.34 ± 0.10

0.36 ± 0.11

< 0.0001

0.59 to 1.11

NAR

2.36 ± 0.55

5.02 ± 1.14

4.79 ± 1.07

4.88 ± 1.09

< 0.0001

-

WBC: White Blood Cells; NLR: Neutrophil to Lymphocyte Ratio; STP: Serum Total Protein; AGR: Albumin to Globulin Ratio; NAR: Neutrophil to
Albumin Ratio. Different letters in the same row mean significant difference among treatments (P < 0.05).
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DISCUSSION

known that macrophages are the cells residing in the
tissues which are considered the main target cell of L.
infantum infection. The participation of neutrophils
in the infection of macrophages by L. infantum was
observed in an in vitro experiment in which canine
neutrophils infected by L. infantum are phagocytosed
by macrophages, thus demonstrating the importance
of neutrophils in the initial stages of the establishment
of CanL [33].
Serum total proteins (STP) and globulins were
increased in CanL. In our results it was observed a
decrease in serum albumin levels and AGR in CanL,
when compared to CD and references values to canine
species. It is already well documented that in CanL
there is an increase in the levels of serum globulins
mainly associated with the increase of acute phase
proteins, cytokines, and increase in the production of
specific antibodies in response to this infectious agent
[9,22,37].
Reduced plasma albumin levels have been
reported in CanL [9]. Albumin is an acute phase
protein that is considered an immune-inflammatory
biomarker, which can be found reduced systemically
in progressive inflammatory response [13,16,20], and
has antioxidant properties [39]. This biomarker is
used in the medical clinic to assist in the monitoring
of inflammatory diseases [4,29]. Our results showed
neutrophilia with hypoalbuminemia in CanL. So, in an
attempt to assess the relationship between two available
markers, we used NAR calculation in order to evaluate the changes in these parameters in CanL. Our data
shows that NAR was higher in CanL when compared
to control dogs (Table 1). More recently, NAR is used
as a predictor of mortality in critical patients with
myocardial infarction [8], acute kidney injury [47],
severe sepsis or septic shock [12], and bloodstream
infection [35]. It is important to report that in CanL the
kidneys are targets of damage triggered by the deposit
of immune complexes leading to organic failure [43].
In summary, NLR and NAR increase, and AGR
decreases in animals with leishmaniasis, demonstrating
more explicitly the immune-inflammatory process that
occurs in CanL. There is still no data in the recent literature on the use of these parameters in the veterinary
medical clinic nor their potential use in the evaluation
of inflammatory processes in dogs naturally infected
by L. infantum. This is the first report that investigated
NLR and NAR in CanL.

A potential link between CanL and inflammation was related on the basis of observations that many
animals present inflammatory cells in sites of infection.
In human and veterinary medicine, the significance of
a variety of systemic inflammation-based prognostic
markers has been explored in different cancers [15,26].
In a general view, our results show an increase
in circulating leukocytes, neutrophilia, and lymphopenia (Table 1); however, this result is more evident in
AD. These data agree with a previous report, whose
systemic inflammatory response is associated with
leukocyte changes with a reduction in lymphocyte
counts in dogs with leishmaniasis [9,22,36]. Based on
these data, we decided to expand this information using NLR calculation in an attempt to better clarify the
changes in these cells in CanL. We observed that NLR
was increased on CanL in relation to healthy dogs (P <
0.0001). Here, this result could be as a consequence of
relative neutrophilia rather than lymphopenia, demonstrating an important inflammation parameter in CanL.
However, on cutaneous leishmaniasis in humans this
biomarker is not considered adequate for evaluating
systemic inflammation [3].
Neutrophil to Lymphocyte Ratio (NLR) is
a biomarker that conveys information about inflammatory conditions. An elevated NLR can reflect an
upregulated innate immune response. Neutrophils
are effector cells of innate immunity and are involved
in several acute and chronic inflammatory processes
[6,41,44]. Neutrophils migrate from blood vessels to
sites invaded by pathogens or affected by other damage, including sterile, under the stimulus of chemoattracting substances and cytokines. These cells are
the main phagocytic cells in the immune system and
comprise the first line of defense. Recent research
places neutrophils as cells that are considered complex
due to the diverse functions that they perform besides
phagocytosis and for their contribution to the performance of adaptive immunity [18,23,44].
The participation of neutrophils in leishmaniasis disease has been discussed for its active participation in both the capture and the elimination of the
protozoan through effective phagocytosis or the release
of neutrophil extracellular traps (NETs) [14], oxidative
stress [2] or liberation of cytokines, enzymes and others
mediators that can contribute to macrophages infection
by L. infantum [19,31,33,39]. On the other hand, it is
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Our results indicate that NLR and NAR could
be used as biomarkers in the veterinary medical clinic
to assess inflammatory profile in CanL, mainly in asymptomatic dogs. Our findings suggest that the NLR,
NAR and AGR derived from routine blood tests can
be used as clinically meaningful biomarkers to stratify
evolution of CanL. Further prospective evaluation of
these inflammatory markers is needed through clinical
trials in order to validate our findings.
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