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Positive kidney profile of dogs with Leishmania sp.
and treated with miltefosine

Perfil renal de caes positivos para Leishmania sp. e
tratados com Miltefosina
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Candanedo Guerra*

Highlights

Treatment with miltefosine did not change function and renal vascularization.
Renal ultrasound detected alterations before changes in other parameters.
Collor Doppler showed hypo-vascularization in intrarenal vessels of positive dogs.

Abstract

Canine leishmaniasis has a wide variety of clinical signs, and, depending on the stage of the disease, the
kidneys are the organs most affected. To stage the disease and carry out treatment, kidney assessment
is of great importance, along with drug interactions and the deposition of immune complexes. In this
study, we evaluated the renal morphology and function by means of B-mode ultrasonography and
vascular Doppler, biochemical, urinalysis, and blood pressure tests, correlating the findings in dogs
positive for leishmaniasis and treated with miltefosine. For this, 38 dogs were used, 12 healthy (G1) ones
and 26 naturally infected with Leishmania sp.; of these, 12 animals were not treated (G2), and 14 were
treated with miltefosine (G3). Evaluations were performed twice, with an interval of 30 days, before and
after treatment with miltefosine. The average values of blood pressure as well as biochemical and urinary
parameters were within the normal ranges for the species. In the volumetric Doppler measurement,
no statistical differences were observed for systolic velocity, diastolic velocity, and resistivity index
between the kidneys and the treated and untreated groups. According to the results obtained, treatment
with miltefosine does not influence the renal parameters evaluated.
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Resumo

A leishmaniose canina possui uma ampla variedade de sinais clinicos, tendo os rins como os érgaos
mais afetados. Para o estadiamento da doenca e realizacdo do tratamento, a avaliagao renal é de
grande importéncia, além das interacdes medicamentosa podem ocasionar com a deposicao de
imunocomplexos. O presente trabalho, teve como objetivo avaliar a morfologia e funcao renal por meio
da ultrassonografia modo B e Doppler vascular, exames bioquimicos, urindlise e de pressao arterial,
correlacionando seus achados de céaes positivos para leishmaniose e tratados com miltefosina. Para
tanto, foram utilizados 38 caes, 12 higidos (G1), 26 naturalmente infectados por Leishmania sp, destes,
12 animais que nao foram tratados (G2) e 14 tratados com miltefosina (G3). As avaliacdes foram feitas em
dois momentos, com intervalo 30 dias, para contemplar as avaliacdes antes e apds o tratamento com
miltefosina. Os valores médios de pressao arterial, parametros bioquimicos e urindrios, encontravam-se
dentro da normalidade para a espécie, na mensuragcao Doppler volumétrica ndo foi observado diferenca
estatistica entre as varidaveis de velocidade sistdlica, velocidade diastodlica e indice de resistividade
entre os rins e 0s grupos tratados e nao tratados. De acordo com os resultados obtidos, o tratamento

com miltefosina ndo influencia nos pardmetros renais avaliados.
Palavras-chave: Leishmaniose. Doppler. Rins. Miltefosina.

Introduction

Canine leishmaniasis (CL) is a chronic
and zoonotic disease that can cause a wide
variety of clinical signs, being subdivided into
cutaneous, visceral, and mucocutaneous
forms, which can lead to death (Alvarenga et
al., 2010; Solano-Gallego et al., 2011; Godoy
etal.,2016; World Health Organization [WHOQO],
2022). Itis caused by protozoa of the species
Leishmania sp., which are transmitted by
the bite of sandflies; Lutzomyia longipalpis
is the species of greatest epidemiological
importance (Harhay et al., 2011). In Brazil,
domestic dogs are the main reservoirs in
urban areas.

Control is based on the reduction
of the sand fly population, the elimination
of reservoirs, and health education (C. H. N.
Costa, 2011). In areas where such control
measures are employed, the incidence and
lethality rates of the disease are decreasing
(Quinnell & Courtenay, 2009; Barreto et
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al., 2011). With this practice, thousands of
dogs have been euthanized, with little or no
impact on the spread of the disease (Dantas-
Torres, 2007; Quinnell & Courtenay, 2009;
Passantino et al., 2010; C. H. N. Costa, 2011).
The treatment of dogs reduces the parasite
load and infectivity for sandflies (Alvar et al.,
1994; Ribeiro et al., 2008; Mir6 et al., 2011;
Silva et al., 2012; Dantas-Torres et al., 2020;
S. N. Melo et al.,, 2018). In 2016, in a joint
Technical Note, No. 001/2016, the Ministries
of Agriculture, Livestock and Supply (MAPA)
and Health (MS) authorized the registration
of the product Milteforan® (miltefosine),
the main drug used in the treatment of CL
in Europe; it is not used in the treatment of
humans in Brazil.

Canine leishmaniosis causes various
clinical signs secondary to the inflammation
promoted by the multiplication of the parasite
in different tissues, with kidney lesions being
commonly observed (Genaro, 1993; Ferrer,
1999; Feitosa et al., 2000; Paltrinieri et al.,
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2016; Leite et al., 2015; Baneth et al., 2022).
The evolution of the disease is linked to the
immune competence of the host (Ciaramella
et al., 1997; Alexandre-Pires et al., 2010;
Andrade et al., 2014), which can cause
the development of circulating immune
complexes that will be deposited in blood
vessels and organ tissues, causing vasculitis
and systemic complications (Ferrer, 1999; F.
A. Costa et al., 2003).

The deposition of immune complexes
in renal glomeruli results in the progressive
loss of nephrons and reduced glomerular
filtration, causing elevations of various
substances that would normally be excreted.
The evaluation of serum urea and creatinine
concentrations is commonly used to assess
the glomerular filtration rate (Nelson & Couto,
2015; A.F.L.R. Dias et al., 2021; Baneth et al.,
2022).

For renal evaluation, ultrasonography
is the most commonly used imaging
method in veterinary medicine and can
provide information that may influence the
management of the case (Mattoon & Nyland,
2002; Feeney et al.,, 2008). The color and
spectral Doppler ultrasound modalities with
B-mode examination increase the specificity
and sensitivity of the sonographic diagnosis
of alterations since they allow the evaluation
of hemodynamics, dimensions, and organ
parenchyma (Machado et al.,, 2004). Based
on the biochemical profile, we can detect
alterations in glomerular filtration, using the
dosagesofurea(U)and creatinine (C).Incases
of pre-renal, renal, or post-renal azotemia,
both may be increased. The C level is the
main indicator of the glomerular filtration
rate (GFR) and may be altered in the majority
of patients with chronic kidney disease
(CKD) (Castro, 2005; Lopes et al., 2007).

Therefore, serum determinations of U and C,
as well as hematological, biochemical, and
urinary evaluation help to determine the GFR
through an indirect evaluation; an increase in
non-protein nitrogenous compounds due to
uremic toxins goes along with higher levels
of these parameters (Polzin, 2011).

Considering the importance of CL,
with its great zoonotic potential and the
scarcity of datain theliterature involving renal
ultrasonographic evaluation of dogs affected
by this disease and after undergoing the
treatment recommended by the Ministries
of Agriculture, Livestock and Supply (MAPA)
and Health (MS), we describe the B-mode
and Doppler ultrasonographic findings of the
kidneys of these naturally infected animals
treated with miltefosine.

Material and Methods

The study was carried out in the city
of Sado Luis, state of Maranhao, Brazil, in
accordance with the guidelines of the Ethics
and Animal Experimentation Committee
of Universidade Estadual do Maranhao
(CEEA), Sao Luis, MA, under protocol number
01/2021. We used 38 dogs, older than 1
year, of different breeds and sexes. The
serological evaluation of these animals for
the diagnosis of visceral leishmaniasis was
performed as established by the Ministry
of Health (technical note 01/2011), using
the rapid immunochromatographic test
(ALERE®) as a screening testand the enzyme-
linked immunosorbent assay (ELISA) as a
confirmatory test (Secretaria de Estado da
Saude, [2015]). Blood was collected from
all dogs and submitted to the Snap 4DX
immunochromatographic test (IDEXX ©);
animals that tested positive were excluded
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from the study. Animals with a history of
previous kidney disease and treated with
nephrotoxic drugs were also excluded.

The animals were divided into
three groups according to the treatment
performed. Group I: control group, consisting
of 12 dogs without renal changes and not
carrying canine visceral leishmaniasis. Group

Day 0

SNAP 4D
INMUNOCHROMATOGRAPHIC
TEST

B-MODE AND
ULTRASOUND

DOPPLER

BELOOD COLLECTION FOR
BIOCHEMISTS

CYSTOCENTESIS FOR
URINALYSIS AND UPC

BLOOD PRESSURE
MEASUREMENT

IIl: control group, composed of 12 untreated
dogs with canine visceral leishmaniasis.
Group lll: 14 dogs with canine visceral
leishmaniasis and treated with miltefosine.
Evaluations were made twice, with an interval
of 30 days, before and after treatment with
miltefosine (Figure 1).

Day 30

B-MODE AND DOPPLER
ULTRASOUND

BLOOD COLLECTION FOR
BIOCHENISTS

CYSTOCENTESIS FOR
URINALYSIS AND UPC

BLOOD PRESSURE
MEASUREMENT

Figure 1. Timeline diagram showing the timing of ultrasound examinations, laboratory tests, and
cystocentesis and blood pressure measurement. The laboratory study included assessments of
urea, creatinine, urinalysis, and urinary protein/creatinine ratio.
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A GE Logic E ultrasound device with
a linear and a micro-convex transducer was
used. A B-mode total abdominal evaluation
was performed, evaluating the organs with
longitudinal, dorsal, and transversal scans.
In the scans, the length, width, height, and
cortico-medullary ratio were measured,
and the renal contour and parenchyma
were observed. Subsequently, a Doppler
examination of the renal arteries was
performed on the same days as the B-mode
ultrasound. Initially, the renal arteries were
mapped using the color Doppler mode. A
transducer was positioned on the blood
vessel, in the region of the renal hilum in
transverse plane, to obtain the spectral
tracing with pulsed Doppler, observing the
renal, interlobar, arcuate, and interlobular
arteries.

Theresistivityindex(RI)was calculated
according to Rivers et al. (1997). To obtain
uniform measurements, three consecutive
waves of similar appearance were analyzed
in the tracing of each region observed (M. B.
Melo et al., 2006). The Rl was obtained after
obtaining the peak of the systolic velocity
and the end of the diastolic velocity, using the
ultrasound device software (Novellas et al.,
2007; Bigé et al., 2012). The insonation angle
was below 60° and measurements were
performed when the spectrum remained
with at least three constant waves, obtaining
the average values.

For the biochemical tests, blood
samples were collected on the days of
the ultrasound evaluations. The blood was
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stored in silicon vacuum tubes with and
without anticoagulant and sent to the clinical
pathology laboratory for a complete blood
count as well as U and C dosages. The
reference values of Kaneko et al. (2008) were
considered. During the ultrasonography, a
guided cystocentesis was performed, which
was later stored in everything proper and
conditioned at cooling temperature, later
sent to the laboratory and the analysis was
performed freshly, evaluating the parameters
urine protein creatinine ratio (UPC) and
urinalysis. Blood pressure was measured
using vascular Doppler, as described by
Mucha and Camacho (2003), employing a
DV-3001 model device. The measurements
were performed on 2 days (the same days
as the ultrasonography exams). Three
pressure measurements were made during
a 10-minute period, discarding the value of
the first measurement and determining the
arithmetic means of the others. Animals with
mean arterial pressure = 180 mmHg were
considered hypertensive (Brown et al., 2007).

The variables (C, U, blood pressure,
UPC, density, SV, DV, and RI) were statistically
analyzed using analysis of variance (ANOVA)
after meeting the assumptions of normality
of errors and homogeneity of variances
using the Cramer von Mises and Brown and
Forstyles tests, respectively. The means
were compared using the Tukey test.
Pearson’'s correlation was used to identify
the relationships between the variables.
A significance level of 95% (p < 0.05) was
considered for all tests.
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Results and Discussion

The average blood pressure values
were 118 to 140 mg, with G1 having the
lowest values (118 to 128 mg) and G2 having
the highest values (135 to 140 mg); there was
a statistically significant difference among
the other groups. The UPC values ranged
from 0.3 to 2.2, where the highest values
were observed in G3, during treatment
with milteforan, albeit without a significant

Table 1
Comparison of average values (+ standard deviation) of systolic pressure (mmHg), UPC, density,
creatinine, and urea evaluated at two time points (1 - 1st evaluation; 2 - 2nd evaluation) in negative,
positive dogs without treatment (POSITIVE) and Leishmania-positive dogs with treatment (TREATED)

difference among groups. The average
values of urinary density ranged from 1,024
to 1,030, with no statistical difference
among the means of the groups. The serum
creatinine (C) levels ranged from 0.66 to 1.2
mg/dL, with an average of 0.66 mg/dL in G1,
1.2 mg/dL in G2, 0.99 mg/dL in G3; the values
for G1 and G2 were significantly different.
The serum urea levels (U) ranged from 37
to 43.8 mg/dL, with no statistical difference
among the groups (Table 1).

NEGATIVES POSITIVES TREATED
VARIABLES EVALUATION EVALUATION EVALUATION
PRESSURE 128 +9 118°+8 1352+ 21 1402+ 20 128+ 14 125+ 10
UPC 0.3+0.2 0.3+0.2 0.33+0.4 0.4+0.6 1.8+5 22+6
DENSITY 1,030+ 9 1,029 +7 1.024+15 1,024+13 1,025%13 1,024 £ 10
CREATININE 0.662+0.2 0.662+0.2 1.2°+0.6 1.1°+04 1.0°+£0.7 0.9 +05
UREA 38.4+17.5 3716 389+195 39319 41.3+23.6 43.8+ 17

*Averages followed by similar letters within rows do not differ by the SNK test (p > 0.05). Averages with normal distribution
and homogeneity of variances, respectively, by Cramer-von Mises and Brown and Forsythe tests (p > 0.05). Urine protein
creatinine ratio (UPC).

Reference values: Blood pressure 100 to 150 mmHg (International Renal Interest Society [IRIS], 2019); UPC < 0.2; Density:

1,025 to 1,035; Creatinine 0.5 to 1.6 mg/dL; Urea: 10 to 54 mg/dL (Kaneko et al., 2008).

None of the dogs evaluated had
arterial hypertension, with SBP values lower
than 180 mmHg. Although for canines, the
threshold for kidney tissue damage to occur
isunknown, itis assumed to be approximately
160 mmHg since renal damage in dogs with
SBP below 180 mmHg has already been
described by Reusch et al. (2010).
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The values for dogs with CKD are
divided as follows: systolic blood pressure
from 130 to 150 mmHg is classified as
minimal risk, from 150 to 160 mmHg, it is
classified as low risk, from 160 to 180 mmHg,
it is classified as moderate risk, and values
greater than 180 mmHg represent a high risk
(Brown et al., 2007; Cortadellas, 2012; IRIS,
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2023). According to Paltrinieri et al. (2016)
and Rebelo et al. (2021), urinary density may
decrease in leishmaniasis-positive dogs,
emphasizing the need for follow-up through
urinalysis. The density values observed in this
study are similar to those reported by Martin
et al. (2017), who obtained a mean value of
1,030 in dogs submitted to CT scanning
and under anesthesia. There is an important
correlation with the evaluation of sediment,
pH, and UPC, verifying proteinuria rates,
which is a risk factor for the progression of
nephropathies. The urine must be collected
aseptically, by cystocentesis, to avoid
contamination and alterations from the lower
urinary tract. The UPC has an important
function in the classification of proteinuria
and must be performed during all treatments
(Rebelo et al., 2021).

Inthis study, G3 presenteda UPC value
above normal values, indicating proteinuria.
However, persistent proteinuria of renal
origin is determined when verified in three
or more repetitions of the test, performed
within @ minimum interval of 15 days and
excluding pre- and post-renal causes of
proteinuria (Lees et al., 2005; Brown, 2013;
Harley & Cathy, 2012; Vaden & Elliott, 2016).
The magnitude of the UPC values is related
to the type and evolution of the renal injury.
Generally, UPC values > 2.0 are highly
suggestive of glomerular injury, and lower
values occur in tubulointerstitial injuries
(Less et al., 2005; Grauer, 2011; Littman et al.,
2013; Vaden & Elliott, 2016).

The isolated interpretation of the UPC
values impedes the distinguishing between
glomerular protein loss and proteinuria
associated with inflammation or hemorrhage
of the lower urinary tract (Grauer, 2011). It is
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therefore necessary to evaluate the urinary

sediment and the clinical history to obtain a
differential diagnosis (Grauer, 2011; Littman
et al., 2013; Vaden & Elliott, 2016).

The average concentrations of C and
U in positive animals were higher than those
in negative animals, but within the standard
values found in healthy dogs according
to Kaneko et al. (2008). This shows that
even during treatment with miltefosine, the
urea and creatinine values were within the
normal ranges. The present results differ
from those reported by Kiral et al. (2004),
who experimentally infected 10 dogs with
Leishmania infantum and showed that the U
levels were not altered; however, there was a
significantincrease in the C values, indicating
renal impairment. The urea and creatinine
levels obtained in the present study differ
from those reported by Nieto et al. (1992),
who stated thatitis more common to observe
increased levels of U than C in dogs with
leishmaniasis. In another study, E. L. Dias et
al. (2008) observed increased levels of U and
no C when evaluating 28 dogs seroreagent
for leishmaniasis. The present results differ
fromthose obtainedinasurvey performed by
Rebelo etal. (2021), who reported that, based
on laboratory tests, 24.14% of the animals
had kidney lesions. The differences between
our findings and those of other authors may
be due to the method of selecting the animals
and to the fact that veterinary clinicians are
currently better prepared to maintain the
staging of patients with stable parameters.
However, the use of laboratory tests for the
renal evaluation of dogs with CL should be
complete since the incidence of dogs with
azotemiais low in relation to the identification
of alterations by ultrasonographic methods,
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which demonstrates that even without an
increase in serum U and C levels, these
animals are susceptible to renal injury (F. A.
Costa et al., 2003).

According to Ciaramella et al. (1997),
renal impairment is a natural after-effect in
dogs affected by leishmaniasis, a fact that
was not observed in the biochemical tests
performed, probably caused by the method
of selecting the patients, where dogs with no
previous renal alterations were selected after
renal staging. This alteration is characterized
by the deposition of immune complexes that
may cause glomerulonephritis and interstitial
nephritis, resulting in renal failure, according
to Feitosa et al. (2000), and potentially leading
to proteinuria, hematuria, and increased
serum levels of U and C (Ettinger & Feldman,
1998). In more advanced stages of the
disease, this increase may occur, albeit with
a low number of cases (Amusategui et al.,
2003; Rebelo et al., 2021).

In a study conducted by Santos et
al. (2020), during the staging of dogs being
treated with miltefosine, the C and U values
were normal, which is in agreement with our
findings.

Miltefosine has no nephrotoxic
action, although some effects cannot be
completely ruled out. The renal parameters
have prognostic values and are considered
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reserved when the levels of U and C are
persistently elevated, even post-treatment
(Vischer et al., 2007). The renal changes
caused by leishmaniasis are secondary to
the deposition of immune complexes in
the glomeruli, which can lead to interstitial
nephritis and membranoproliferative
glomerulonephritis, generating function
impairmentand often being the main cause of
death in dogs with leishmaniasis. Renal failure
may be present in dogs without systemic
clinical signs of leishmaniasis (Ciaramella
et al.,, 2005), caused by cellular infiltration in
the glomerular and interstitial regions of the
kidneys (C. H. N. Costa, 2011).

In the present study, the B-mode
ultrasonographic  evaluation did not
demonstrate any sonographic alterations
originating from the urinary tract in G1 that
could have compromised the participation
of the dogs in the study. Some animals of G2
showed the changes reported by Baltazar
et al. (2016) and Oliveira et al. (2018) for
patients positive for leishmaniasis, such
as splenomegaly, nephropathy, points of
renal mineralization, and the presence of
echogenic punctiform content in the urinary
bladder. In G3, we observed splenomegaly in
all patients, glomerulonephritisin one patient,
and hepatopathy and points of mineralization
in the kidneys in some animals (Figure 2).
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Figure 2. A - Image referring to the left kidney of a G2 patient, with morphological changes
and the presence of a cyst. B - Image referring to the left kidney of a G1 patient, without
sonographic alterations. C - Image referring to the spleen of a G3 patient, with splenomegaly.
D - Image referring to the left kidney of a G4 patient, with morphological alterations and the

presence of mineralization points.

Renal Doppler evaluation was
performedin all patients. The smallintra-renal
vessels could not be evaluated in all patients
because it was impossible to isolate and
evaluate them during respiratory movement
and because of overlapping of the abdominal
content. The dogs belonging to G2 and G3
showed signs of hypo-vascularization in
the intrarenal vessels when assessed using
Collor Doppler.

Theincreaseinthe echogenicity ofthe
renal cortex and the loss of corticomedullary
delimitation, also observed in studies of dogs
with leishmaniasis, are changes related to
chronic diseases such as interstitial nephritis
and/or glomerulonephritis, corroborating
with previous findings (Greene, 2013; Nyland
et al., 2002; Lamb et al., 2018; Oliveira et
al., 2018). Renal ultrasound images of dogs
with leishmaniasis show heterogeneous
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echotexture, reduced vascular flow, less
visible arched arteries, and high IR values
(Baltazar et al., 2016; Rebelo et al., 2021).
According to Mamprim et al. (2018),
conventional ultrasonographic evaluation
is one of the most important diagnostic
procedures for renal evaluation, but only
with Doppler, information of intrarenal blood
flow alteration by means of the resistivity
index can be obtained. This can facilitate the
diagnosis of nephropathies because acute
renal alterations do not promote numerous
alterations to B-mode ultrasound.

Table 2

In the volumetric Doppler
measurement, the systolic velocity (SV)
values ranged from 42.4 to 60.2 cm/s for the
right kidney and 45.4 to 60.1 cm/s for the
left one. Diastolic velocity (DV) ranged from
14.5to 21.3 cm/s in the right kidney and 15.8
to 19.8 cm/s in the left one. No statistical
difference was observed for the SV and
RV variables between kidneys and among
groups. Regarding the resistivity index (RI),
values of 0.67 to 0.68 were observed for
the right kidney and 0.65 to 0.68 for the left
kidney, with no statistical difference between
among the groups and evaluations (Table 2).

Comparison of mean values (+ standard deviation) of SV, VD, and IR in kidneys (R - right; L - left) evaluated
at two moments (1 - 1st evaluation; 2 - 2nd evaluation) in negative, positive dogs without treatment
(POSITIVE) and Leishmania-positive dogs with treatment (TREATED)

GROUP KIDNEY EVAL
R 1
R 2
NEGATIVE
L 1
L 2
R 1
R 2
POSITIVE
L 1
L 2
R 1
R 2
TREATED
L 1
L 2

PARAMETER
SV DV RI

47 +15.6 15.3+5.7 0.68 £ 0.06
53.8+22.3 16.6 £ 6.9 0.67 £ 0.07
458+ 13.3 15.8+ 4.6 0.65 + 0.06
50.8+18.8 16.1+£5.5 0.65 + 0.06
445+ 18.2 145+5.5 0.66 + 0.08
42.4 +16.7 16.8 £9.7 0.66 + 0.08
46.1 + 18.8 16.1 £8.5 0.66 + 0.07
46.2+£16.7 17.5+7.5 0.67 £ 0.04
54.2+17.8 185+7 0.67 £ 0.06
60.2+32.4 21.3+16.1 0.67 £ 0.07
53.1+16.7 18.4+7.2 0.68 £ 0.04
60.1+27.8 19.8+ 11.1 0.67 £ 0.06

*Averages different within groups by the SNK test (p<0.05); § Averages between groups by Tukey’s test (p < 0.05).
Averages with normal distribution and homogeneity of variances, respectively, by Cramer-von Mises and Brown and
Forsythe tests (p > 0.05). Systolic velocity (SV); Diastolic velocity (DV); Resistivity index (RI).

Reference values: VS: 79.96 cm/s; VD: 28.86 cm/s (M. B. Melo et al., 2006). IR: < 0.7 (Koch et al., 1997).
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The RI values obtained in this study
were within the normal range for the species
according to Novellas et al. (2007), 0.72,
Zubarev(2001),0.71, Baltazaretal.(2016), 1.1,
and Agutetal.(2020),0.66. These animals had
no Doppler flux metric abnormalities of the
renal arteries, conforming that the Doppler
techniqueisrelevantin the early evaluation of
renal diseases by allowing the identification
of abnormal perfusion patterns, However, in
a comparative study between Rl values and
renal biopsy findings, the author reported
that in some cases, kidneys with purely
glomerular disease may have Rl values within
normal limits and alterations in echogenicity
(Platt, 1997). The average values of peak
systolic velocity obtained in this study were
lower than the 79.96 cm/s reported by M. B.
Melo et al. (2006); the normal values reported
for humans range from 60 to 100 cm/s
(Zubarev, 2001).

In the final RV, we observed lower
results than those reported by M. B. Melo et
al. (2006), who obtained an average of 28.86 +
8.82 cm/s. However, the difference between
the groups is notable since changes in flow
velocity, both systolic (42.4 to 60.2 cm/s)
and diastolic (14.5 to 21.3 cm/s), may have
some clinical significance. Koch et al. (1997)
considered 0.70 as the upper limit for Rl in
normaldogs, avalue also proposed by Agut et
al. (2020) as being normal for dogs. We use no
sedative protocol and therefore avoided any
interference with heart and respiratory rates,
which remained within normal physiological
limits; the arterial branches evaluated were
exclusively the right and left renal arteries.
Novellas et al. (2007) determined normality
references in the intrarenal artery resistivity
index in non-sedated dogs and cats because
these values can facilitate the detection
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of changes in blood flow in the renal bed.
Increased resistivity levels may be related to
end-stage renal disease, showing intrarenal
parenchymal lesions, although some
systemic parameters, such as heart rate,
may influence these levels (Radermacher et
al., 2002, 2003; Rebelo et al., 2021). These
influences were not observed in this study,
where the Rl presented within normal levels,
demonstrating that the animals evaluated
had no intra-renal parenchymal lesions.

In a study performed in dogs with
leishmaniasis, evaluatingthe kidneybymeans
of B-mode and Doppler ultrasound, Baltazar
etal.(2016) and Oliveira et al. (2018) obtained
high RI values (1.1 and 0.67, respectively)
and a positive correlation between with
the creatinine and resistivity index (C/RI).
Ostrowska et al. (2016), when evaluating the
RI of healthy dogs with an average age of 6
years, obtained values of 0.64. Lotério (2018),
when evaluating dogs with heart disease and
pyometra, obtained values of 0.73 to 0.85,
indicating that pre-existing changes caused
renal changes. When evaluating animals
from the age of 1 day up to adulthood, Agut
et al. (2020) observed that the RI values of
puppies up to 20 weeks (0.64 to 0.89) were
higher than those of adults (0.66) and that
after 1 year, the values stabilized. The data
obtained by Agut et al. (2020) and Ostrowska
et al. (2016) are similar to those of the
present study, where the Rl values, although
without oscillation among the evaluated
parameters (IR 0.62 to 0.69), are lower than
those reported by Baltazar et al. (2016) and
Lotério (2018). The lower values are most
likely a result of the inclusion of dogs with
morphological, histological, and biochemical
alterations, in contrast to the dogs used in
the present study.

369



— SEMINA

Torres, D.B. A. et al.

In the veterinary literature, the normal
values of renal Rl largely differ among
different studies (Morrow et al., 1996). When
comparing the Rl values of normal and
nephropathic dogs, Morrow et al. (1996)
concluded that an RI greater than 0.70 was
considered abnormal, and the sensitivity and
specificity values of this index in determining
normal versus abnormal kidneys were 38%
and 96%, respectively. Further, the authors
concluded that the combination of an
unaltered B-mode ultrasound examination
and an Rl > 0.70 is suggestive of active renal
disease of the tubulointerstitial and vascular
compartments.

The parameters evaluated in the
present study are within the normal ranges
for canines. This corroborates the results
of Lotério (2018), who reported a positive
correlation between the Rl and C level.
According to Lotério (2018), the most severe
Rl alterations happen in the distal arterial
branches.

Lotério (2018) justified the C/RI
correlation with the four stages of acute renal
failure (ARF). The first or initial phase may
occur soon after the renal insult, followed by
the extension phase (second stage), during
which ischemia, hypoxia, inflammation, and
tubular injury lead to apoptosis or necrosis
(Ross, 2011). In the extension stage, the
initial insult is amplified by ongoing renal
inflammation and worsening ischemia
and hypoxia. Toxins disrupt adenosine
triphosphate (ATP)-generating metabolic
pathways, and ischemia can deplete cellular
ATP stores. Consequently, there is a loss of
energy and failure of the sodium-potassium
pump, culminating in edema, cell death, and
nephron dysfunction. Nephron dysfunction
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leads to a decreased glomerular filtration rate
(GFR), and azotemia will become evident only
in the third stage of ARF (Ware, 2006; Ross,
2011). The increase in Rl can be revealed as
early as in the second stage, where changes
in vascular impedance are observed (Platt et
al., 1991), whereas the increase in C is only
observed in the third stage with the decline
in the GFR (Lotério, 2018). The positive
correlation between C and renal artery RI
values supports the link of the indices and
the GFR since increased arterial resistance
is associated with worsening renal function
(Espada et al., 2006; Lotério, 2018).

The normality of biochemical and
ultrasonographic parameters, even in the
face of the challenges imposed by the
treatment, demonstrates the feasibility of
the Doppler examination for the staging of
leishmaniasis treatment. This is in agreement
with Dadalto (2020), who concluded that
Dopplerultrasonographyisaviabletechnique
with hemodynamic information of the renal
perfusion impairment as the resistivity
index was higher in relation to the normality
values previously described. These findings
precede the alteration of the symmetric
dimethylarginine biomarker (SDMA), since
they had histological proof of the lesion.

Conclusion

Via renal ultrasonography, we
evaluated the morphological changes
preceding biochemical and urinary

alterations. Our results enable a precise
prognosis and the establishment of adequate
treatment strategies. The association
of ultrasonographic and biochemical
evaluations proved to be efficient in
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determining nephropathies without clinical
or laboratory alterations. The treatment of
leishmaniasis with miltefosine did not lead to
changes in renal function and vascularization
in dogs.

Acknowledgments

The authors are very grateful to
the State University of Maranhao, the
postgraduate program in animal science -
UEMA and CAPES.

References

Agut, A., Soler, M. M., & Del Palacio, M. J. F.
(2020). Changes in renal resistive index
values in healthy puppies during the first
months of life. Animals, 710(8), 1338. doi:
10.3390/ani10081338

Alexandre-Pires, G., Brito, M. T. V. de, Alguerd,
C..Martins, C.,Rodrigues, O.R.,Fonseca, .
P.da, & Santos-Gomes, G. (2010). Canine
leishmaniasis.Immunophenotypicprofile
of leukocytes in different compartments
of symptomatic, asymptomatic and
treated dogs. Veterinary Immunology
and Immunopathology, 137(3), 275-83.
doi: 10.1016/j.vetimm.2010.06.007

Alvar, J., Molina, R., San Andrés, M., Tesouro,
M., Nieto, J., Vitutia, M., Gonzalez, F., San
Andrés, M. D., Boggio, J., & Rodriguez,
F. (1994). Canine leishmaniasis: clinical,
parasitological and entomological
follow-up after chemotherapy. Annals
of Tropical Medicine Parasitology,
88(4), 371-378. doi: 10.1080/000349
83.1994.11812879

Alvarenga, D. G., Escalda, P. M. F., Costa,
A. S. V. da, & Monreal, M. T. F. D.
(2010). Leishmaniose visceral: estudo
retrospectivo de fatores associados
a letalidade. Revista da Sociedade
Brasileira de Medicina Tropical, 43(2),
194-197. doi: 10.1590/S0037-868220
10000200017

Amusategui, |, Sainz, A., Rodrigues, F., &
Tesouro, M. A. (2003). Distribution and
relationships between clinical and
biopathological parameters in Canine
Leishmaniasis. European Journal of
Epidemiology, 18(2), 147-156. doi:
10.1023/a:1023090929302

Andrade, G. B., Barreto, W. T. G., Santos, L. L.,
Ribeiro, L. R. R., Macedo, G. C., Sousa,
K. C. M., Andre, M. R., Machado, R. Z., &
Herrera, H. M. (2014). Pathology of dogs
in Campo Grande, MS, Brazil naturally
co-infected with Leishmania infantum
and Ehrlichia canis. Revista Brasileira
de Parasitologia Veterinaria, 23(4), 509-
515. doi: 10.1590/51984-29612014081

Baltazar, P. I, Moura, L. S., Pessoa, G. T,, Sa
Rogrigues, R. P., Sanches, M. P,, Diniz, A.
N., Sousa, F. C. A., Guerra, P. C., Neves, W.
C., Giglio, R. F,, Alves, J. J. R. P, Souza, F.
A. L. Braga, J. F. V., & Alves, F. R. (2016).
Comparative B-mode and Doppler renal
ultrasonography with histopathological
findings in dogs positive for canine
visceral leishmaniasis.  Microscopy
Research and Technique, 79(7), 637-345.
doi: 10.1002/jemt.22677

Barreto, M., Teixeira, M. G., Bastos, F., Ximenes,
R. A. A, Barata, R. B.,, & Rodrigues, L.
C. (2011). Sucessos e fracassos no
controle das doencas infecciosas no

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024 37 1



——— SEMINA

Ciéncias Agrarias I

Torres, D.B. A. et al.

Brasil: o contexto social e ambiental,
politicas, intervengdes e necessidades
de pesquisa. Lancet, 337(9780), 1877-
1889. doi: 10.1016/S0140-6736(11)
60202-X

Bigé, N., Lévy, P. P, Callard, P., Faintuch, J.

M., Chigot, V., Jousselin, V., & Boffa, J.
J. (2012). Renal arterial resistive index
is associated with severe histological
changes and poor renal outcome during
chronickidneydisease. BMC Nephrology,
13(1), 1-9. https://bmcnephrol.biomed
central.com/articles/10.1186/1471-23
69-13-139

Brown, S. (2013). Introduction from the

international renal interest society.
Journal of Veterinary Internal Medicine,
27(1), 1939-1676. doi: 10.1111/jvim.12
229

Brown, S., Atkins, C., Bagley, R., Carr, A,

Cowdill, L., Davidson, M., & Littman, M.
(2007). Guidelines for the identification,
evaluation, and management of
systemic hypertension in dogs and
cats. Journal of Veterinary Internal
Medicine, 21(3), 542-558. doi: 10.18
92/0891-6640(2007)21[542:gftiea]2.0.
co;2

Castro, M. C. N. (2005). Prolongando a vida

do paciente com doenca renal crbnica.
Revista Clinica Veterinaria, 20(58), 50-
56.https://www.revistaclinicaveterinaria.
com.br/edicao/edicao-58/

Ciaramella, P, Oliva, G., Luna, R. de, Gradoni,

L., Ambrosio, R., Cortese, L., Sadone, A,
& Persechino, A. (1997). A retrospective
clinical study of canine leishmaniasis
in 150 dogs naturally infected by
Leishmania infantum. Veterinary

Record, 141(21), 539-543. doi: 10.1136/
vr.141.21.539

Ciaramella, P., Pelagalli, A., Cortese, L., Pero,

M. E., Corona, M., Lombardi, P., Avallone,
L., & Persechino, A. (2005). Altered
platelet aggregation and coagulation
disorders related to clinical findings in
30 dogs naturally infected by Leishmania
infantum. The Veterinary Journal, 169(3),
465-467. doi: 10.1016/j.tvjl.2004.03.009

Cortadellas, O. (2012). Manual de nefrologia

e urologia clinica canina e felina. MedVet
Ltda.

Costa, C. H. N. (2011). How effective is dog

culling in controlling zoonotic visceral
leishmaniasis? A critical evaluation of
the science, politics and ethics behind
this public health policy. Revista da
Sociedade Brasileira de Medicina
Tropical, 44(2), 232-242. doi: 10.1590/
S0037-86822011005000014

Costa, F. A., Goto, H., Saldanha, L. C., Silva, S.

M., Sinhorini, I. L., Silva, T. C., & Guerra,
J. L. (2003). Histopathologic patterns
of nephropathy in naturally acquired
canine visceral leishmaniasis. Veterinary
Pathology, 40(6), 677-684. doi: 10.1354/
vp.40-6-677

Dadalto, C. R. (2020). Aspectos doppler e

elastograficos renal e esplénicos na
leishmaniose visceral canina. Tese
de doutorado, Universidade Estadual
Paulista "Julio de Mesquita Filho",
Faculdade de Medicina Veterinaria e
Zootecnia, Botucatu, SP, Brasil.

Dantas-Torres, F. (2007). The role of dogs as

reservoirs of Leishmania parasites, with
emphasis on Leishmania (Leishmania)
infantum and Leishmania (Viannia)

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024



Positive kidney profile of dogs with Leishmania sp. and treated...

— SEMINA

braziliensis. Veterinary Parasitology,
7149(3), 139-146. doi: 10.1016/jvetpar.
2007.07.007

Dantas-Torres, F., Nogueira, F. S., Menz, |.,
Tabanez, P, Silva, S. M., Ribeiro, V. M,,
Mird, G., Cardoso, L., Petersen, C., Baneth,
G., Oliva, G., Solano-Galego, L., Ferrer,
L., Pennisi, M. G., Bourdeau, P., Maia,
M., Otranto, D., Gradoni, L., Courtenay,
0., & Costa, C. H. N. (2020). Vaccination
against canine leishmaniasis in Brazil.
International Journal of Parasitology,
50(3), 171-176. doi: 10.1016/j.ijpara.
2020.01.001

Dias, A. F. L. R., Almeida, A. B. P. F., Nakazato,
L., & Sousa, V. R. F. (2021). Molecular
detection of visceral leishmaniasis in
dogs from Bardo de Melgaco, Pantanal
region of Mato Grosso, Brazil. Pesquisa
Veterinaria Brasileira, 41(6485), 1-5. doi:
10.1590/1678-5150-PVB-6485

Dias, E. L., Batista, Z. S., Guerra, R. M. S. N.
C., Calabrese, K. S., Lima, T. B., & Abreu-
Silva, A. L. (2008). Canine visceral
Leishmaniasis (Cvl): seroprevalence,
clinical, hematological and biochemical
findings of dogs naturally infected in na
endemic area of Sdo José de Ribamar
municipality, Maranhdo State, Brazil.
Ciéncia Animal Brasileira, 9(3), 740-745.
doi: 10.5216/cab.v9i3.1569

Espada, Y., Novellas, R., & Gopegui, R. R. de.
(2006).Renalultrasoundindogs and cats.
Veterinary Research Communications,
30(1), 133-137. doi: 10.1007/s11259-
006-0026-8

Ettinger, S. J., & Feldman, E. C. (1998). Tratado
de medicina interna veterinaria (vol. 3).

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024

Feeney, D. A., Anderson, K. L., Ziegler, L. E,,
Jessen, C. R, Daubs, B. M., & Hardy,
R. M. (2008). Statistical relevance
of ultrasonographic criteria in the
assessment of diffuse liver disease
in dogs and cats. American Journal
Veterinary Research, 69(2), 212-221. doi:
10.2460/ajvr.69.2.212

Feitosa, M. M., Ikeda, F. A., Luvizotto, M. C. R.,
& Perri, S. H. V. (2000). Aspectos clinicos
de cdes com leishmaniose visceral
no municipio de Aracatuba Sao Paulo
(Brasil). Clinica Veterinaria, 28(28), 36-44.
https://www.revistaclinicaveterinaria.
com.br/edicao/edicao-28/

Ferrer, L. (1999). Clinical aspects of canine
leishmaniasis. Proceedings of the
International  Canine  Leishmaniasis
Forum, Barcelona, Spain.

Genaro, O. (1993). Leishmaniose visceral
canina experimental. Tese de doutorado,
Universidade Federal de Minas Gerais,
Belo Horizonte, MG, Brasil.

Godoy, K.C.S., Braz, P.H., Assis, A.R., Antunes,
T. R., Gomes, D. C., & Souza, A. |. (2016).
Avaliacdo dos indicadores de lesao
miocardica em cdes com leishmaniose
visceral. Arquivo Brasileiro Medicina
Veterinaria Zootecnia, 68(2), 313-320.
doi: 10.1590/1678-4162-8236

Grauer, G.F.(2011). Proteindria: measurement
and interpretation. In G. F. Graner
(Ed.), Topics in Companion Animal
Medicine, 26(3), 121-127. doi: 10.1053/j.
tcam.2011.04.002

Greene, C. E. (2013). Infectious diseases of
the dog and cat-e-book. Elsevier Health
Sciences.

373



— SEMINA

Torres, D.B. A. et al.

Harhay, M. O., Olliaro, P. L., Costa, D. L., &
Costa, C. H. (2011). Urban parasitology:
visceral leishmaniasis in Brazil. Trends
Parasitology, 27(9), 403-409. doi: 10.10
16/j.pt.2011.04.001

Harley, L., & Cathy, L. (2012). Proteindria in
dogs and cats. The Canadian Veterinary
Journal, 53(6), 631-638. https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC3354822/

International Renal Interest Society (2019).
Staging of CKD. IRIS. http.//lwww.
iriskidney.com/guidelines/en/staging_
ckd.shtml

Kaneko, J. J., Harvey, J. W., & Bruss, M. L.
(2008). Clinical biochemistry of domestic
animals. Elsevier Saunders.

Kiral, F. K., Seyrek, K., & Pasa, S. (2004).
Some haematological, biochemical
and electrophoretic findings in dogs
with visceral leishmaniasis. Revue
Médicine Véterinaire, 155(4), 226-229.
https://www.yumpu.com/en/document/
read/25735261/some-haematological-
biochemical-and-electrophoretic-
findings-in-

Koch, J., Jensen, A. L., Wenck, A., lversen, L.,
& Lykkegaard, K. (1997). Duplex Doppler
measurements of renal blood flow in a
dog widi Addison’s disease. Journal of
Small Animal Practice, 38(3), 124-126.
doi: 10.1111/j.1748-5827.1997.tb033
33.x

Lamb, C. R., Dirrig, H., & Cortellini, S. (2018).
Comparisonofultrasonographicfindings
in cats with and without azotaemia.
Journal of Feline Medicine and Surgery,
20(10),948-954.d0i: 10.1177/1098612X
17736657

374

Lees, G. E., Brown, S. A. Ellott, J,
Grauer, G. F, & Vaden, S. L. (2005).
Assessment and management of
proteindria in dogs and cats: 2004
ACVIM forum consensus statement
(small animal). Journal of Veterinary
Internal Medicine, 19(3), 377-385. doi:
10.1892/0891-6640(2005)19[377:aamo
pi]2.0.co;2

Leite, R. S., Souza, N. A. Barbosa, A. D,
Ferreira, A. L. C.,, & Andrade, A. S. R.
(2015). Evaluation of conjunctival
swab as a mass-screening tool for
molecular diagnosis of canine visceral
leishmaniasis. Parasitolology Research,
144(6), 2255-2262. doi: 10.1007/s004
36-015-4418-y

Littman, M. P., Daminet, S., Grauer, G. F,
Lees, G. E., & Dongen, A. M. (2013).
Consensus recommendations for the
diagnostic investigation of dogs with
suspected glomerular disease. Journal
of Veterinary Internal Medicine, 27(1),
19-26. doi: 10.1111/jvim.12223

Lopes, S. T., Biondo, W., & Santos, P. (2007).
Manual de patologia clinica veterinaria
(3a ed.). Universidade Federal de Santa
Maria.

Lotério, M. P. (2018). Dopplerfluxometria
na avaliacdo da doenca renal em céaes.
Dissertacao de mestrado, Universidade
Federal de Vicosa, Vicosa, MG, Brasil.

Machado, M. M., Rosa, A. C. F.,, Barros, N. D,
Azeredo, L.M.,Rosa, J.B.F., Cerri,L.M.O,,
Cjammas, M. C., Daher, M. T., Daher, R. T.,
Saad, W. A, & Cerri, G. G. (2004). Doppler
evaluation in portal hypertension.
Radiologia Brasileira, 37(1), 35-39. doi:
10.1590/S0100-39842004000100009

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024



Positive kidney profile of dogs with Leishmania sp. and treated...

— SEMINA

Mamprim, M. J., Assis, M. M. Q., Muller, T.

R., Doiche, D. P.,, Takahira, R. K., Rahal,
S. C., & Dadalto, C. R. (2018). Values
of resistivity index of renal, interlobar,
and arcuate arteries in healthy dogs
of different age groups. In American
College of Veterinary Radiology Annual
Scientific Conference: October 2017;
Phoenix, Arizona, 2017, Phoenix [Anais].
Abstracts of the 2017 American College
of Veterinary Radiology annual Scientific
Conference: October 18/21, 2017;
PHOENIX, ARIZONA, 2018.v. 1. p. 26.

Martin, C. M., Kogika, M. M., Miyashiro, S.

I, & Fonseca-Pinto, A. C. B. C. (2017).
Ultrassonografia modo B e Doppler na
avaliacao renal de cdes submetidos a
tomografia computadorizada. Pesquisa
Veterinaria Brasileira, 37(7),759-772.doi:
10.1590/S0100-736X2017000700018

Mattoon, J. S., & Nyland, T. G. (2002). Small

animal diagnostic ultrasound. Saunders.

Melo, M. B., Veado, J. C. C., Silva, E. F,

Moreira, S. M., & Passos, L. M. F
(2006). Dopplerfluxometria das
artérias renais: valores normais das
velocidades sistdlicas e diastdlicas e
do indice resistivo nas artérias renais
principais. Arquivos Brasileiros de
Medicina Veterinaria e Zootecnia,
58(4), 691-693. doi: 10.1590/S0102-
09352006000400040

Melo, S. N., Teixeira, R. G., Neto, Werneck, G. L.,

Struchiner, C. J., Ribeiro, R. A. N., Sousa,
L. R., Melo, M. O. G., Carvalho, C. G., Jr,,
Penaforte, K. M., Manhani, M. N., Aquino,
V. V., Silva. E. S., & Belo, V. S. (2018).
Prevalence of visceral leishmaniasis in
a population of free-roaming dogs as
determined by multiple sampling efforts:

a longitudinal study analyzing the
effectiveness of euthanasia. Preventive
Veterinary Medicine, 161(1), 19-24. doi:
10.1016/j.prevetmed.2018.10.010

Mir6, G., Galvez, R., Fraile, C., Descalzo,
M. A.. & Molina, R. (2011). Infectivity
to Phlebotomus perniciosus of dogs
naturally parasitized with Leishmania
infantum after different treatments.
Parasitology and Vectors, 4(52), 1-7. doi:
10.1186/1756-3305-4-52

Morrow, K. L., Salman, M. D., Lappin, M. R., &
Wrigley, R. (1996). Comparison of the
resistive index to clinical parameters
in dogs with renal disease. Veterinary
Radiology & Ultrasound, 37(3), 193-
199. doi: 10.1111/j.1740-8261.1996.
tb01220.x

Mucha, C. J.,, & Camacho, A. A. (2003).
Hipertensao arterial. In G. C. Belerenian,
C. J. Mucha, & A. A. Camacho, Afec¢cdes
cardiovasculares em pequenos animais
(pp. 212-217). Sao Caetano do Sul:
Interbook.

Nelson, R. W. & Couto, C. G. (2015). Medicina
interna de pequenos animais (2a ed.).
Guanabara Koogan.

Nieto, C. G., Navarrete, |, Habela, M. A,
Serrano, F., & Redondo, E. (1992).
Pathological changes in kidneys of
dogs with natural Leishmania infection.
Veterinary Parasitology, 45(1-2), 33-47.
doi: 10.1016/0304-4017(92)90025-5

Novellas, R., Espada, Y. & Gopegui, R. R.
de. (2007). Doppler ultrasonographic
estimation of renal and ocular resistive
and pulsatility indices innormal dogs and
cats. Veterinary Radiology & Ultrasound,
48(1), 69-73. doi: 10.1111/j.1740-82
61.2007.00206.x

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024 37 5



— SEMINA

Torres, D.B. A. et al.

Nyland, T. G., Fischer, P. E., Doverspike, M.,
Hornof, J. W., & Olander, H. J. (2002).
Diagnosis wurinary tract obstruction
in dogs using duplex Doppler
ultrasonography. Veterinary Radiology
and Ultrasound, 34(5), 348-352. doi:
10.1111/j.1740-8261.1993.tb02018.x

Oliveira, H. S. (2018). Avaliacdo renal e
esplénica por meio da ultrassonografia
modo—-Be Dopplerde caes naturalmente
infectados por leishmaniose visceral.
Tese de doutorado, Universidade
Estadual Paulista “Julio de Mesquita
Filho", Faculdade de Medicina Veterinaria
e Zootecnia, Botucatu, SP, Brasil.

Ostrowska, J., Kietbowicz, Z. Zaleska-
Dorobisz, U., Atamaniuk, W., Pietsch-
Fulbiszewska, A., & Kinda, W. (2016).
Resistive index (Rl) obtained in
renal interlobar arteries of normal
dogs and cats by means of Doppler
ultrasonography. Pakistain Veterinary
Journal, 36(1), 45-48. http://www.pvj.
com.pk/pdf-files/ 36_1/45-48.pdf

Paltrinieri, S., Gradoni, L., Roura, X., Zatelli,
A.. & Zini, E. (2016). Laboratory tests
for diagnosing and monitoring canine
Leishmaniasis. Veterinary Clinical
Pathology, 45(4), 552-578. doi: 10.1111/
vcp.12413

Passantino, A.,Russo, M., & Coluccio, P.(2010).
Canine leishmaniosis and euthanasia
in Italy: a critical legal-ethical analysis.
Revista Science Technology, 29(3), 537-
548. doi: 10.20506/rst.29.3.1993

Platt, J. F. (1997). Doppler ultrasound of the
kidney. Seminars in ultrasound, CT and
MRI, 18(1), 22-32. doi: 10.1016/s0887-
2171(97)90035-4

376

Platt, J. F., Rubin, J. M., & Ellis, J. H. (1991).
Acute renal failure: possible role of
duplexDoppler USindistinction between
acute prerenal failure and acute tubular
necrosis. Radiology, 179(2), 419-423.
doi: 10.1148/radiology.179.2.2014284

Polzin, D. J. (2011). Chronic kidney disease
in small animals. Veterinary Clinics:Small
Animal Practice, 41(1), 15-30. doi: 10.
1016/j.cvsm.2010.09.004

Quinnell, R. J., & Courtenay, O. (2009).
Transmission, reservoirhostsandcontrol
of zoonotic visceral leishmaniasis.
Parasitology, 136(14), 1915-1934. doi:
10.1017/S0031182009991156

Radermacher, J., Ellis, S., & Haller, H. (2002).
Renal resistance index and progression
of renal disease. Hypertension, 39(2),
699-703. doi: 10.1161/hy0202.103782

Radermacher, J., Mengek, M., Ellis, S., Stuht,
S., Hiss, M., Schwarz, A., Eisenberguer, U,,
Burg, M., Luft, F. C., Gwinner, W., & Haller,
H. (2003). The renal arterial resistance
index and renal allograft survival. New
England Journal of Medicine, 349(2),
115-124. doi: 10.1056/NEJM0a022602

Rebelo, J. F. P. (2021). Contribuicdo para
o estudo da leishmaniose canina e a
sua Iimportancia em saude publica.
Dissertacao de mestrado, Universidade
Luso6fona de Humanidades e
Tecnologias. Faculdade de Medicina
Veterinaria, Lisboa, Portugal.

Reusch, C. E., Schellenberg, S., & Wenger,
M. (2010). Endocrine hypertension
in small animals. Veterinary Clinics
of North America: Small Animal
Practice, 40(2), 335-352. doi: 10.1016/j.
cvsm.2009.10.005

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024



Positive kidney profile of dogs with Leishmania sp. and treated...

— SEMINA

Ribeiro, R. R., Moura, E. P, Pimentel, V. M.,
Sampaio, W. M., Silva, S. M., Schettini, D.
A., Alves, C. F, Melo, F. A., Tafuri, W. L.,
Demicheli, C., Melo, M. N., Frézard, F., &
Michalick, M. S. (2008). Reduced tissue
parasitic load and infectivity to sand flies
in dogs naturally infected by Leishmania
(Leishmania) chagasi following
treatment with a liposome formulation
of meglumine antimoniate. Antimicrobial
Agents and Chemotherapy, 52(7), 2564-
2572.doi: 10.1128/AAC.00223-08

Rivers, B. J., Walter, P. A., Letourneau, J. G,
Finlay, D. E., Ritenour, E. R., & King, V.
L. (1997). Duplex Doppler estimation
of resistive index in arcuate arteries
of sedated, normal female dogs:
implications for use in the diagnosis of
renal failure. Journal American Animal
Hospital Association, 33(1), 69-76. doi:
10.5326/15473317-33-1-69

Ross, L. (2011). Acute kidney injury in dogs
and cats. Veterinary Clinics: Small Animal
Practice, 41(1), 1-14. doi: 10.1016/].
cvsm.2010.09.003

Santos, S., Ribeiro, A., & Conti, A. (2020).
A miltefosina no tratamento de caes
com leishmaniose e seus efeitos
hematoldgicos e bioquimicos. Original
Article. Facit Business and Technology
Journal, 18(4), 174-207. https://revistas.
faculdadefacit.edu.br/index.php/JNT/
article/view/656

Secretaria de Estado da Saude (2015).
Guia de orientacdo para vigilancia de
leishmaniose visceral canina (LVC).
Santa Catarina.

Silva, S. M. da, Amorim, I. F., Ribeiro, R. R,,
Azevedo, E. G., Demicheli, C., Melo, M.
N., Tafuri, W. L., Gontijo, N. F., Michalick,

Semina: Ciénc. Agrar. Londrina, v. 45, n. 2, p. 359-378, mar./abr. 2024

M. S., & Frézard, F. (2012). Efficacy
of combined therapy with liposome-
encapsulated meglumine antimoniate
and allopurinol in treatment of canine
visceral leishmaniasis. Antimicrobial
Agents and Chemotherapy, 56(6), 2858-
2867. doi: 10.1128/AAC.00208-12

Solano-Gallego, L., Mir6, G., Koutinas, A,
Cardoso, L., Pennisi, M. G., Ferrer, L.,
Borudeau, P., Oliva, G., &Baneth, G.(2011).
LeishVet guidelines for the practical
management of canine leishmaniosis.
Parasitology and Vectors, 4(86), 1-16.
doi: 10.1186/1756-3305-4-86

Vaden, S.L., &Elliott, J.(2016). Management of
proteindria in dogs and cats with chronic
kidney disease. Veterinary Clinics of
North America: Small Animal Practice,
46(6), 1115-1130. doi: 10.1016/j.cvsm.
2016.06.009

Vischer, C., Grousson, D. & Médaille, C.
(2007). Preliminary safety study of the
combination therapy of miltefosine and
allopurinol in dogs. Proceedings of the
Annual World Congress of the World
Small Animal Veterinary Association,
Sydney, Australia, 32.

Ware, W. A. (2006). Disturbios do trato
urinario. In R. W. Nelson, & C. G. Couto
(Eds.), Medicina interna de pequenos
animais (pp. 547-625). Rio de Janeiro.

World Health Organization (2022).
Leishmaniasis. =~ WHO.  https://www.
who.int/healthtopics/leishmaniasis#
tab=tab 1

A. V. (2001). Ultrasound of
renal vessels. European Radiology,
77(10), 1902-1915. doi: 10.1007/s00
3300101012

Zubarev,

377






