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Abstract

Background Renal disease is the main cause of death in canine leishmaniosis. Detection of an active glomerular
injury is important to identify early renal damage and to prevent the development of chronic kidney disease. Podocy-
turia can indicate renal injury, and podocyte-associated molecules such as podocin and nephrin can be used to iden-
tify podocyturia. The purpose of the study was to evaluate urinary podocin and nephrin concentrations in dogs

with leishmaniosis as markers of podocyturia.

Methods A total of 35 healthy dogs and 37 dogs with leishmaniosis were enrolled in the study. Dogs with leish-
maniosis were classified according to the staging of the International Renal Interest Society (IRIS). Urinary podocin
and nephrin concentrations were measured in all dogs with a validated enzyme-linked immunosorbent assay

test and normalized to creatinine (uPoC and uNeC, respectively). The demographic, clinical, and laboratory data
from both groups were analyzed and compared. Subsequently, the laboratory results were analyzed and compared
according to IRIS staging in dogs in IRIS stage | and dogs in IRIS stage Il +1ll+1V. The Pearson’s correlation test evalu-
ated the relationship between urinary markers of podocyturia.

Results Compared with healthy dogs, lower urinary podocin [median values (IQR): 15.10 (11.75-17.87) ng/ml ver-
sus 8.63 (7.08-13.56) ng/ml; P<0.01] and nephrin [median values (IQR): 3.2 (3.62-5.43) ng/ml versus 2.67 (2.06-3.44)
ng/ml; P<0.01] were found in infected sick dogs. No significant differences were observed in the uPoC and uNeC
between the two groups. Urinary nephrin and podocin concentrations were higher in healthy dogs and in dogs

in IRIS stage | (both P<0.05) compared with dogs in IRIS stages Il + Il +1V. No significant differences were found

for uPoC and uNeC between healthy dogs and dogs with leishmaniosis in different IRIS clinical stages.

Conclusions Dogs with leishmaniosis had a low concentration of podocin and nephrin in more advanced IRIS
clinical stages, when kidney disease was more severe compared with healthy dogs and dogs in IRIS stage | with mild
disease. Urinary nephrin was detectable for the first time in healthy non-infected dogs.
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Background

Canine leishmaniosis (CanL) is a parasitic disease caused
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tate appropriate treatment and patient monitoring [3].
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Because severe disease can be associated with renal dys-
function of various degrees, if kidney disease is not diag-
nosed in the early stages, it can progress to chronic renal
failure, which is considered the main cause of mortality
in CanL [4, 5].

Despite the high prevalence of renal disease in infected
dogs [6, 7], laboratory findings of renal disease are typi-
cally variable, with different degrees of azotemia and/or
proteinuria [5, 8, 9]. In CanlL, renal disease is primarily
of glomerular origin, involving different forms of glo-
merulonephritis [6, 7]. Initially, mild proteinuria appears,
over time it worsens, and with disease progression sec-
ondary tubulointerstitial lesions and azotemia develop [9,
10]. Because the severity of kidney disease reduces treat-
ment options and survival [4, 11, 12], the identification of
new markers of early renal damage could lead to a more
favorable prognosis [13—18]. The activity of some urinary
markers to detect glomerular damage, such as the uri-
nary immunoglobulin-G-to-creatinine ratio, the urinary
C-reactive-protein-to-creatinine ratio and the urinary
ferritin-to-creatinine ratio, has been investigated in non-
azotemic and non-proteinuric dogs with leishmaniosis
treated with meglumine antimoniate and allopurinol,
with promising results [19]. More research is needed
before these glomerular markers can be routinely rec-
ommended for early recognition of glomerular damage,
consequently, proteinuria remains the first clinicopatho-
logical finding of glomerulopathy during CanL [10, 20].

In this context, the detection of early glomerular injury
is of primary importance and the presence of podocytes
in urine is a potential tool to diagnose glomerular dam-
age at the beginning of the disease [21]. Podocytes are
highly specialized glomerular epithelial cells involved in
selective plasma filtration and the formation of primary
urine. Podocyturia can occur naturally in humans [22],
dogs [23, 24], and horses [25], and various pathological
processes can cause podocytes tearing and excretion in
the urine with an increased extent of podocyturia [26].
Since podocytes do not regenerate, their loss is irrevers-
ible [27]. In human beings, 20-40% loss of glomerular
podocytes has been shown to lead to glomerulosclero-
sis [28, 29], with proteinuria as one of the main conse-
quences [30]. The presence of podocytes in urine can be
determined by the detection of podocyte-associated
molecules, such as podocin, nephrin, podocalyxin, and
synaptopodin. Podocyturia was previously assessed by
urinary podocin concentration using an enzyme-linked
immunosorbent assay (ELISA) test in dogs with chronic
kidney disease and degenerative mitral valve disease,
with greater podocyturia in these two groups compared
with healthy dogs [23]. The expression of the nephrin
gene has been evaluated in dogs with chronic kidney dis-
ease associated with leishmaniosis in urinary sediments,
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with dogs in advanced stages of kidney disease having
lower expression of nephrin than dogs in the initial stages
[31]. A recent study evaluated the presence of nephrin
and podocin mRNA in urinary sediment in dogs with
chronic kidney disease not relative to L. infantum infec-
tion and healthy dogs [24]. According to the stage of the
disease established by International Renal Interest Soci-
ety (IRIS) [32], an increase in podocyturia in early stages
and a reduction in advanced stages were observed [24].
In human medicine, urinary nephrin concentration has
been evaluated under different clinical conditions to
detect podocyturia, and the most widely used method
for its measurement was various commercially available
ELISA kits [33-37]. To our knowledge, urinary podocin
and nephrin have never been measured with an ELISA
test in CanL and human leishmaniasis despite their
potential accessibility and cost-effectiveness. The aims
of the present study were: (1) to evaluate and compare
the concentrations of urinary podocin and nephrin as
markers of podocyturia in healthy dogs and in dogs with
leishmaniosis according to IRIS clinical staging with a
commercial ELISA test and (2) to evaluate the correlation
between urinary podocin and nephrin concentration and
urinary podocin-to-creatine ratio and urinary nephrin-
to-creatinine ratio and some renal and urinary markers in
healthy dogs and in dogs with leishmaniosis according to
IRIS clinical staging.

Methods

Dogs

This is a cross-sectional study that includes clinical and
laboratory data belonging to 72 client-owned dogs that
were admitted due to various medical reasons to the
San Marco Veterinary Clinic (Veggiano, Italy) between
November 2022 and January 2023.

The dogs were divided into two groups: (1) dogs with
leishmaniosis (n=37) and (2) healthy dogs (n=35).
The dogs were diagnosed with clinical leishmaniosis
on the basis of compatible clinical signs, clinical path-
ological findings, a positive L. infantum ELISA serol-
ogy, and a positive Leishmania real-time polymerase
chain reaction (q-PCR) in the bone marrow [3, 4]. To
be enrolled in the study, the following inclusion crite-
ria were required for dogs with leishmaniosis: (1) no
current anti-Leishmania treatment; (2) availability of
exams including complete blood count (CBC), serum
biochemistry, coagulation profile, and urinalysis; (3)
absence of Dirofilaria immitis antigen (Filarcheck 96,
biopronix by Agrolabo, Italy), absence of Anaplasma
phagocytophilum, Ehrlichia canis, and Rickettsia conorii
antibodies  (semiquantitative = immunofluorescence
by MegaFLUO ANAPLASMA ph. MEGACOR; Meg-
aFLUO EHRLICHIA canis MEGACOR; MegaFLUO
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RICKETTSIA conorii MEGACOR; Hérbranz, Austria);
(4) inactive urine sediment; (5) no other concurrent
diseases; and (6) no administration of any type of drug
in the previous 3 months. The inclusion criteria for
healthy dogs were: (1) routine check as the reason for
the visit to the clinic, (2) absence of any clinical signs
of illness on physical examination, (3) normal results in
all laboratory tests including CBC, serum biochemis-
try, coagulation profile, and urinalysis, and (4) a nega-
tive L. infantum ELISA serology. Of the 35 healthy
dogs included in the study, 20 dogs as annual recheck
were tested at the time of their evaluation for D. immi-
tis antigen and A. phagocytophilum, E. canis, and R.
conorii antibodies as described above and resulted
negative. The remaining 15 dogs were tested 6 months
before and resulted all negative at that time.

An abdominal ultrasound was performed in all dogs
with leishmaniosis with the ACUSON Juniper 2.0
(Siemens Medical Solution, USA) using a 7.3 MHz
microconvex and linear probe. The following ultrasono-
graphic findings such as increased renal cortical and/
or medullary echogenicity, decreased renal corticome-
dullary distinction, irregular renal margins, and small-
sized kidneys were recorded and considered compatible
with chronic kidney disease [38, 39].

At the time of diagnosis, all dogs with leishmaniosis
were classified according to the IRIS recommendations
for chronic kidney disease [32].

Previous history, physical exam, creatinine, symmet-
ric-dimethylarginine (SDMA), urine-specific gravity
(USG), and urine protein-to-creatinine ratio (UPC)
on a fasted state were available for all dogs with leish-
maniosis before the admission to the hospital. Of the 37
dogs with leishmaniosis included in the study, previous
history, physical exam, creatinine, SDMA, USG, and
UPC on a fasted state were available for 24 dogs 3 and
6 months before admission to the hospital, for 1 dog
7 months before admission to the hospital, for 7 dogs
2 weeks before admission to the hospital, and for 5 dogs
3 days before admission to the hospital.

As part of the physical examination, after a 20-min
adaptation period to the environment, systolic blood
pressure (SBP) was measured in each dog with the auto-
mated blood pressure monitor for companion animals
SunTech Vet 20 (SunTech Medical Inc., USA). After dis-
carding the first measurement, the average value of four
consecutive measurements was recorded. The following
four measurements were similar to each other (with a
maximum difference of 2-3 mmHg between the vari-
ous measurements). All exams were performed in the
morning after 12 h of fasting without pharmacological
or other restraint.
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Blood tests

All clinicopathological tests were performed at the San
Marco Laboratory (Veggiano, Italy). A blood sample was
collected by cephalic, saphenous, or jugular venipunc-
ture in a 10 ml sterile plastic syringe, and 2 ml of blood
was transferred to plastic tubes containing K;-EDTA for
a CBC performed on an automated hematology analyser
(ADVIA 2120i, Siemens, Germany) with a blood smear
microscopic evaluation. Then 4 ml of blood was placed
in serum glass tubes for chemistry analysis performed
in an automated biochemical analyzer (Atellica® Solu-
tion, Siemens, Germany), and the following param-
eters were evaluated: white blood cell concentration
(WBC), paraoxonase-1 (PON-1), haptoglobin (Hp), fer-
ritin (Ft), C-reactive protein (CRP), total iron-binding
capacity (TIBC), iron, albumin (Alb), globulins (Glob),
glucose (Gluc), gamma-glutamyl transferase (GGT),
amylase, lipase, sodium (Na), urea, and creatinine (Cr).
In addition, symmetric-dimethylarginine (SDMA) was
measured with a canine SDMA ELISA test (Eurolyser
Diagnostica GmbH, Salzburg, Austria).

To detect L. infantum antibodies, a Leishmania ELISA
test was performed according to the manufacturer’s
instructions (VetLine Leishmania, Leishmania ELISA
test, NovaTec Immunodiagnostica GmbH, Dietzenbach,
Germany). The result of the Leishmania ELISA test was
considered negative if the antibody level was < 9%, doubt-
ful if the antibody level was 9-11%, and positive if the
antibody level was>11%.

Urine test

Urine was collected at the time of the visit (in the morn-
ing, after blood sampling) by free catch in a sterile con-
tainer in all dogs. A total volume of 10 ml of urine was
obtained during spontaneous urination; 7 ml of urine
was used for urinalysis and urinary chemistry performed
on an automated urine analyzer (CLINITEK Novus®,
Siemens, Germany) and on an automated biochemical
analyzer (Atellica® Solution, Siemens, Germany), respec-
tively. Whole urine was used for urinalysis and urine-
specific gravity (USG) measurement with test strips
(CINITEK Novus Prol2 Urinalysis Cassette, Siemens,
Germany), determination of urine protein-to-creatinine
ratio (UPC) (calculated by dividing the concentration of
urinary proteins by the concentration of urinary Cr con-
centration), and urinary chemistry. Urine proteins (UPs)
were measured in an automated spectrophotometer
(Atellica® Solution, Siemens, Germany) using pyrogallol
red [Atellica CH urinary/cerebrospinal fluid protein
(UCFP), Siemens Healthcare Diagnostics Inc., USA]
as previously described [40, 41], and uCr with a modi-
fied Jaffe method (Siemens Healthcare Diagnostics Inc.,
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USA). Samples were automatically prediluted 1:5 to fit
the linearity of the method according to manufacturer’s
instructions. Urinary sediment was examined by a clini-
cal pathologist with an optical microscope and only dogs
with inactive urine sediment [<5 white blood cells per
high-power field (hpf),<5 red blood cells/hpf or no vis-
ible bacteria] were considered for UPC, urinary podocin,
and nephrin measurements. In addition, no sperm cells
were observed in the urinary sediment of any healthy
or leishmaniotic dog. The following parameters in the
urine were evaluated: USG, UPC, fractional excretion of
sodium (FeNa) calculated according to the equation as
follows: FeNa=uNa X serum Cr/uCr X serum Na [42],
urinary amylase-to-creatinine ratio (uAm/Cr), urinary
ferritin-to-creatinine ratio (uFerr/Cr), urinary gamma-
glutamyltransferase-to-creatinine ratio (uGGT/Cr), uri-
nary glucose-to-creatinine ratio (uGlu/Cr), and urinary
creatinine (uCr).

Podocin and nephrin determinations

A total of 2 ml of urine was centrifuged at low speed
(1500 gx5 min) to prevent podocyte damage and 2 ali-
quots of 0.25 ml of urine sediment sample from each dog
were stored at —80 °C until podocin and nephrin ELISA
tests (Canine Podocin ELISA test and Canine Nephrin
ELISA test, MyBioSource.com, San Diego, California,
USA) were performed. Urinary podocin and nephrin
were measured in urine sediment as previously reported
[23, 43]. Once all urine samples were collected, ELISA
tests were performed to detect urinary podocin and
nephrin concentrations according to the manufactur-
er’s protocol. Briefly, the ELISA plate was set for blank,
standard, and sample wells. The blank control well was
assigned with 100 pl of phosphate buffered saline, the
standard with 100 ul of standard product, and sample
wells with 100 pl of sample test. An additional 10 pl of
balance solution was distributed only in 100 pl samples
and mixed well, 50 pul of conjugate reagent was added to
each well except the blank well. At this point, the plate
was covered and incubated for 60 min at 37 °C. Then, all
wells were washed five times, treated with 50 pl of two
substrate solutions (A and B), and the plate was kept in
the dark and incubated for 15 min at 37 °C for the devel-
opment of the color. At the end of the incubation, 50 pl
of stopping solution was added to each well to end the
reaction. The optical density was measured with a micro-
plate reader at a wavelength of 450 nm and the standard
curve was prepared, on the basis of which the podocin
and nephrin concentrations in the samples were cal-
culated. The standard curve for podocin concentration
ranged from 2.5 to 50 ng/ml and for nephrin concen-
tration ranged from 1.0 to 25 ng/ml and was calculated
using a computer-generated four-parameter logistic
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curve-fit with program test result of the automated ana-
lyzer Stratego (Futurlab®, Limena, Padova, Italy). Each
sample was measured in duplicate, and the average val-
ues obtained were expressed in ng/ml. Once the urinary
podocin and nephrin concentrations were determined,
their levels were assessed relative to the urinary creati-
nine concentration as the urinary podocin-to-creatinine
ratio (uPoC) and the urinary nephrin-to-creatinine ratio
(uNeC) because a quantitative urinary podocin and
nephrin depend strongly on the degree of urine concen-
tration [22, 44].

Evaluation of Leishmania parasitic load

Leishmania q-PCR was measured in bone marrow, whole
blood, and whole urine of all dogs with leishmaniosis.
Bone marrow aspirates were obtained from the costo-
chondral junctions using an 18-gauge needle connected
to a 10-ml syringe according to the protocol described
by Paparcone and colleagues for the diagnosis of CanL
[45]. DNA extraction was performed using a High Pure
PCR Template Preparation Kit (Roche Science Applied)
and performed according to the manufacturer’s proto-
col. Real-time PCR was performed using LightCycler
FastStart DNA Master”™™S Hybridization Probes (Roche,
Mannheim, Germany), employing a LightCycler version
3.5.17 instrument (Roche, Mannheim, Germany). Com-
mercial L. infantum primers and hybridization probes LC
set (TIB Molbiol, Genova, Italy) that amplified a fragment
of the kinetoplast minicircle were used. Thermal cycling
was carried out according to the manufacturer’s instruc-
tions (TIB Molbiol). Positive and negative controls were
used in all q-PCR runs as previously reported [46]. To be
considered positive, > 100 copies of kinetoplast/ml should
be detected in bone marrow, whole blood and urine.

Statistical analysis

Quantitative data were expressed as mean *standard
deviation, if normally distributed, and as median and
interquartile range (IQR), if not normally distributed.
Categorical variables were expressed as counts and per-
centages in each category. The normality assumption for
quantitative variables was assessed with the Shapiro—
Wilk test.

Comparisons of quantitative variables in healthy and
infected dogs were analyzed with the two-sample ¢-test,
the Welch’s t-test, or the Mann—Whitney rank sum
according, respectively, to the assumptions of normality
and homoscedasticity. The associations between qualita-
tive variables and healthy and infected dogs were evalu-
ated with the Pearson’s chi-squared test or the Fisher’s
exact test.

Differences between quantitative variables, such as uri-
nary podocin, urinary nephrin, uPoC, and uNeC, were
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evaluated in healthy and all the infected sick dogs and
also referred to the IRIS staging groups using the non-
parametric ANOVA Kruskall-Wallis test, using post hoc
analyses on the basis of the Bonferroni correction. For
this part of the analysis, infected sick dogs previously
classified in IRIS stages II, III, and IV were aggregated to
obtain a group sufficiently numerous to be compared.

The relationships between urinary podocin, urinary
nephrin, uPoC, and uNeC and SBP and other urinalysis
parameters were expressed using the Pearson’s correla-
tion test to assess whether its concentration in the urine
was similar, in all dogs and in healthy and leishmaniotic
dogs.

To evaluate the role of urinary podocin and urinary
nephrin as markers of renal damage during Leishmania
infection, a logistic regression model was fitted through
a backward variable selection. The goodness-of-fit was
assessed with the area under the receiver-operating char-
acteristic curve (ROC-AUC) and the Hosmer—Leme-
show test. The statistical significance was declared for
P-value <0.05. Statistical analysis was implemented using
R (https://www.r-project.org/).

Results

The demographic and clinical data and blood and urine
analysis results of healthy dogs and dogs with leishmani-
osis are summarized in Tables 1, 2, and 3. All data sup-
porting the main conclusions are displayed in Additional
file 1 (Dataset S1: signalment, clinical data, and serum
and urinary parameters including podocin and nephrin).
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There was a significant increase of CRP, Ft, Hp, Glob,
amylase, and SDMA, and a significant decrease of
PON-1, iron, TIBC, and Alb in dogs with leishmaniosis
compared with healthy dogs [Mann—-Whitney U-test,
U=163, Z=-546, P<0.001; U=111.5, Z=-6.04,
P<0.001; U=129.5, Z=-5.84, P<0.001; i-test, f;q =
—6.84, P<0.001; U=200, Z=-5.05, P<0.001; U=218,
Z=-4.84, P<0.001; U=8335 Z=2.09, P=0.036;
U=1038, Z=4.39, P<0.001; U=1006.5, Z=4.04,
P<0.001, U=1107.5, Z=5.18, P<0.001, respectively,
Table 2].

There was no statistical difference in urea between
healthy dogs and dogs with leishmaniosis, but the lat-
ter had a significant lower Cr concentration and higher
SDMA compared with healthy dogs (U=674.5, Z=0.29,
P=0.761; U=883, Z=2.65, P=0.008; U=218, Z=-4.84,
P<0.001, respectively, Table 2).

Compared with healthy dogs, dogs with leishmanio-
sis had significantly lower USG and uCr and increased
UPC, uAm/Cr, uFerr/Cr, uGGT/Cr, uGlu/Cr [¢;0,=2.38,
P=0.02; U=964, Z=3.56, P<0.001; U=97, Z=-6.21,
P<0.001; U=103.5, Z=-6.13, P<0.001; U=132,
Z=-5.81, P<0.001; U=171, Z=-5.37, P<0.001;
U=237.5,Z=-4.62, P<0.001, respectively, Table 3]. Uri-
nary podocin and nephrin concentrations were signifi-
cantly lower in dogs with leishmaniosis compared with
healthy dogs, but there were no statistical differences in
the uPoC and uNeC between the two groups (U/=984.5,
Z=3.79, P<0.001; U=890, Z=2.73, P=0.006; U=569,
Z=-0.89, P=0.376; U=528, Z=-1.35, P=0.178,
respectively, Table 3).

Table 1 Demographic and clinical data of healthy dogs and dogs with leishmaniosis

Parameter (units) Healthy dogs ~ Dogs with leishmaniosis Statistical analysis

n=35 n=37
Female/male 18/17 22/15 ¥*=0.20,df=1,P=065
Breed/ mixed breed 27/8 23/14 XZ: 1.26,df=1,P=0.21
Neutered/intact 20/15 16/21 ¥*=089,df=1,P=035
Age (months) 70.03+£3522 7249+31.38 t=-031,df=1,P=0.75
Body weight (kg) 243441316 225241127 =063, df=1,P=053
BCS (1-9) 5(5-5) 5(5-5) U=773.5,7=187,P=0.061
Heart rate (bpm) 100 (86-111) 120 (100-140) U=402.5,7=-2.76, P=0.005*
Respiration rate (rpm) 30 (24-34) 32 (28-40) U=460,7=-2.11,P=0.033*
Systolic blood pressure (mmHg) 142 (129-150) 150 (140-170) U=434,7=-241,P=0.016*

Bone marrow Leishmania g-PCR (k/ml) and frequency of posi- -
tivity

Blood Leishmania g-PCR (k/ml) and frequency of positivity -
Urine Leishmania g-PCR (k/ml) and frequency of positivity -

8.5x107 (2760-6.8%10°), 37/37 (100%) -

5400 (0-1.5% 107), 29/37 (78%) -
0(0-2.1%10°), 9/37 (24%) -

Data are expressed as counts, mean + standard deviation, or median and interquartile range

BCS body condition score, Kg kilograms, bpm beats per minute, rpm breaths per minute, nmHg millimeters of mercury, k/ml kinetoplast copies per milliliters, x* chi-
squared test, df degrees of freedom, t t-test, U Mann-Whitney U-test, Z Mann-Whitney Z-score

" Statistically significant differences between healthy dogs and dogs with leishmaniosis
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Parameter (units) Healthy dogs Dogs with leishmaniosis Statistical analysis

(Reference interval) n=35 n=37

WBC (10%/ul)

(6.52-10.56) 7.54 (6.45-941) 7.22 (6.07-10.2) U=690,7=047,P=0.63

CRP (mg/dl)

(0.01-0.07) 0.01(0.01-0.14) 1.74(0.38-4.91) U=163,2=546,P<0.001*
PON-1 (1U/))

(3.02-4.71) 3.60 (3.4-4.18) 3.37(2.94-3.88) U=8335,7=2.09, P=0.036*
Ft (ng/ml)

(80-272) 231 (205-263) 714 (539-1176) U=1115,7=-6.04, P<0.001*
Hp (mg/dl)

(2-165) 21 (4-62.5) 198 (93-282) U=129.5,7=-5.84,P<0.001*
Iron (ug/dl)

(95-213) 95 (126-172) 81 (61-119) U=1038,7=4.39,P<0.001*
TIBC (ug/d)

(336-424) 363 (340.5-379.5) 300 (238-350) U=1006.5,7=4.04, P<0.001*
Alb (g/dl)

(2.9-3.5) 3.2(3.05-3.35) 24(2.1-29) U=1107.5,7=5.18,P<0.001*
Glob (g/dl)

(29-34) 3.244+0.31 5244175 t=—-6.84,df=38,P<0.001*
Gluc (mgrdl)

(85-120) 99+6.83 101.2+£9.63 t=-1.05,df=70,P=0.30
GGT (IU/1)

(1-4.9) 4 (3.45-4.55) 3.5(24-43) U=8355,7=2.11,P=0.034*
Amylase (IU/1)

(176-764) 579 (468.5-792) 1281 (1002-1612) U=200, Z=-5.05, P<0.001*
Lipase (IU/1)

(77-589) 321 (236-412.5) 208 (125-390) U=799.5,7=1.70,P=0.087
Sodium (meg/l)

(144-150) 14754161 146.4+2.35 t=2.32,df=70,P=0.02*
Urea (mg/dl)

(20-48) 33 (27-38.5) 23 (22-39) U=674.5,7=0.29,P=0.761
Cr (mg/dl)

(0.7-14) 1.11(1.02-1.25) 0.85(0.72-1.22) U=833,7=2.65, P=0.008*
SDMA (pg/dl)

(0-15) 840 (7.55-11.65) 13.50 (11-17) U=218,7=-4.84,P<0.001*

Data are expressed as mean * standard deviation or median and interquartile range

WBC white blood cell concentration, CRP C-reactive protein, PON-1 paraoxonase-1, Ft ferritin, Hp haptoglobin, TIBC total iron binding capacity, Alb albumin, Glob
globulins, GGT gamma-glutamyl transferase, Cr creatinine, SDMA symmetric-dimethylarginine, U Mann-Whitney U-test, t t-test, df degrees of freedom, Z Mann-

Whitney Z-score

" Statistically significant differences between healthy dogs and dogs with leishmaniosis

Renal ultrasound was performed in 35 dogs with
leishmaniosis, and the more common ultrasonographic
changes were increased renal cortical and/or medullary
echogenicity in 18/35 dogs and increased renal cortical
and/or medullary echogenicity and decreased renal cor-
ticomedullary distinction in 11/35 dogs.

According to the IRIS stage, dogs were classified
as: stage I (n=30, 18 were proteinuric and 12 non

proteinuric), stage II (n=4, 2 proteinuric and 2 non pro-
teinuric), stage III (n=1, proteinuric), and stage [V (n=2,
both proteinuric), and subsequently aggregated as stage
I (n=30) and as stages II+II1+1V (n=7) for statistical
analysis. According to the IRIS staging used, urea, Cr,
SDMA, and various urinary parameters are reported
in healthy dogs and dogs with leishmaniosis in Table 4.
Creatinine was significantly decreased in IRIS stage I
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Table 3 Urinalysis and urinary chemistry of healthy dogs and dogs with leishmaniosis
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Parameter Healthy dogs Dogs with leishmaniosis Statistical analysis
(Reference interval) n=35 n=37

USG

(1015-1050) 1042+£13.72 1033+13.53 tgoy=2.38, P=0.020*

UpPC

(0.1-0.5) 0.2(0.15-0.2) 0.8 (0.3-4.90) U=97,7=-6.21,P<0.001*
uAm/Cr

(0.1-50) 0.7 (04-1.10) 133.7 (7.7-1200) U=1035,7=-6.13,P<0.001*
uFerr/Cr

(0-25) 1(0-3) 28 (8-42) U=132,7=-581,P<0.001*
uGGT/Cr

(13-22) 21 (4-62.5) 50 (25.6-92.8) U=171,7=-537,P<0.001*
uGluc/Cr

(2-8.5) 3.10 (2.75-3.60) 4.9 (4.2-7) U=2375,7=-4.62,P<0.001*
FeNa (%)

(0.1-1) 0.28 (0.21-0.54) 0.30(0.17-0.63) U=633.5,7=-0.16,P=0.892
uCr (mg/dl)

(125-324) 233 (161-304.5) 122 (79-207) U=964, 7=3.56, P<0.001*
Urinary podocin (ng/ml) 15.1 (11.75-17.87) 8.63 (7.08-13.56) U=984.5,7=3.79, P<0.001*
Urinary nephrin (ng/ml) 3.2(3.62-543) 267 (2.06-3.44) U=890,7=2.73, P=0.006*
uPoCx 1078 6.4 (5.5-8.6) 75(53-10.1) U=569,7=-0.89, P=0.376
uNeCx107° 1.6 (1.1-2.1) 20(1.1-2.8) U=528,7=-1.35,P=0.178

Data are expressed as mean *standard deviation or median and interquartile range

USG urine-specific gravity, UPC urine protein-to-creatinine ratio, uAm/Cr urinary amylase-to-creatinine ratio, uFerr/Cr urinary ferritin-to-creatinine ratio, uGGT urinary
gamma-glutamyltransferase, uGlu/Cr urinary glucose-to-creatinine ratio, FeNa fractional excretion of sodium, uCr urinary creatinine, uPoC urinary podocin-to-
creatinine ratio, NeC urinary nephrin-to-creatinine ratio, t t-test, df degrees of freedom, U Mann-Whitney U-test; Z Mann-Whitney Z-score

" Statistically significant differences between healthy dogs and dogs with leishmaniosis

compared with healthy dogs and with dogs in IRIS stage
[+ 141V [analysis of variance (ANOVA), F, ¢ =54.77,
P<0.0001, post hoc, ¢ (*)= —5.64, df=63, P<0.001; post
hoc, t (°)= —7.52, df=40, P<0.001, respectively, Table 4].
There was a significant increase in SDMA in dogs in
IRIS stage II+III4+1V compared with healthy dogs and
with dogs in IRIS stage I [Fy 9=54.77, P<0.0001, post
hoc, t ()= —4.91, df=63, P<0.001; post hoc, t (°)=
— 8.47, df=40, P<0.001, respectively, Table 4]. A signifi-
cant increase in UPC was observed in dogs in IRIS stage
II+III+1IV compared with healthy dogs and with dogs
in IRIS stage I [Kruskal-Wallis H-test, H=43.64, df=2,
P<0.0001, post hoc, U (*)=3.5, Z=-8.16, P<0.001; post
hoc, U (°) =34, Z=—-6.84, P=0.006, respectively, Table 4].
The uAm/Cr was significantly higher in dogs in IRIS
stage II4+III4+1V compared with healthy dogs and with
dogs in IRIS stage I [H=40.71, df=2, P<0.0001, post
hoc U (*)=0, Z=-8.28, P<0.001; post hoc U (°)=37,
Z=-6.37, P=0.007, respectively, Table 4]. Dogs in IRIS
stage I and IRIS stage II+1I1+1V had significantly higher
uFerr/Cr compared with healthy dogs [H=35.88, df=2,
P<0.0001, post hoc U (*)=130.5, Z=-12.10, P<0.001;
post hoc U (*)=1.5, Z=-8.23, P<0.001, respectively,

Table 4]. The uGGt/Cr was higher in dogs in IRIS stage
I and IRIS stage II+III+IV compared with healthy
dogs [H=29.51, df=2, P<0.0001, post hoc U (*)=161,
Z=- 1170, P<0.001; post hoc U (*)=10, Z=-7.95,
P<0.001, respectively, Table 4].

According to IRIS staging, higher urinary podocin and
nephrin concentrations were observed in healthy dogs
[median values and IQR 15.06 ng/ml (11.75-17.87) and
3.20 ng/ml (2.62-5.43), Fig. 1] compared with dogs in
IRIS stages II+1I1+1V [median values and IQR 4.84 ng/
ml (4.70-6.64) and 155 ng/ml (1.29-1.89); H=18.42
and H=17.97, df=2, P=0.0001, post hoc U (*)=219,
Z=-2.89, P=0.001; post hoc U (*)=237, Z=-3.01,
P<0.001, respectively, Fig. 1]. Urinary podocin and
nephrin concentrations were significantly higher in
dogs in IRIS stage I [median values and IQR 10.18 ng/
ml (7.67-14.87) and 2.89 ng/ml (2.29-3.48), Fig. 1] com-
pared with dogs in IRIS stages II+III+IV [post hoc
u (°)=172, Z=-2.49, P=0.009; post hoc U (°)=198,
Z=— 371, P=0.0001 respectively, Fig. 1]. Urinary
podocin concentration was also higher in healthy dogs
compared with dogs in IRIS stage I [median values and
IQR 15.06 ng/ml (11.75-17.87) versus 10.18 ng/ml
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Table 4 Various serum and urinary parameters of healthy dogs and dogs with leishmaniosis based on IRIS staging

Parameters Healthy dogs IRIS stage | dogs IRIS stages II-II-IV dogs ~ Statistical analysis Post hoc

(Reference interval) n=35 n=30 n=7

Urea (mg/dl)

(20-48) 33(27-385) 25.5(20.25-36.75) 129 (85.5-181.0) H=18.46, df=2 P<0.001 H(N)=10,P<0.001;H()=10,
P<0.001

Cr (mg/dl)

0.7-14) 111017 0.83+0.23 3.16+1.65 F=57.19,df=2.69,P<0.001 t(*)=564,df=63,P<0.001;t
(N)=—7.52,df=40,P<0.001;t ()=
—7.77,df=35,P<0.001

SDMA (pg/dl)

(0-15) 9.13+291 12.7£294 33.24+£1633 F=54.77,df=269,P<0.001 t(*)=-491,df=63,P<0.001;t
(N)=—847,df=40,P<0.001;t ()=
—6.72, df=35,P<0.001

UsG

(1015-1050) 1042+13.72 10352+13.26 1028.7 £14.42 F=0.04,df=269,P=0036 t(N)=226,df=40,P=0.029

UPC

(0.1-0.5) 0.2(0.15-020)  0.60(0.30-1.57) 9.7 (4.9-14.1) H=43.6,df=2 P<0.001 U (*)=93.5,7=—-6.24, P<0.001;
U(N)=3.5,7=-8.16,P<0.001; U
(°)=34,7=-6.84,P=0.006

uAm/Cr

(0.1-5) 0.7 (04-1.10) 89.15 (4.02-364.0)  1401.3(9504-1752.8) H=40.7,df=2 P<0.001 U (*)=103.5,2=125,P<0.001; U
(N)=0,7=-828,P<0.001; U (°)=37,
Z=-6.73, P=0.007

uFerr/Cr

(0-25) 1(0-3) 23.5(6.25-40.75) 31(28.5-53) H=359,df=2 P<0.001 U(*)=1305,7=-12.10,P<0.001; U
(N)=15,7=-823,P<0.001

uGGT/Cr

(13-22) 15.7 (12.15-19.7) 4525 (23.52-933) 78.7 (49-8845) H=29.5,df=2 P<0.001 U®=161,7=-11.70,P<0.001; U
(N)=10,7=-7.95, P<0.001

uGluc/Cr

(2-8.5) 3.10(2.75-3.60) 4.9 (4.23-6.65) 5.1(34-13.6) H=214,df=2 P<0.001 U((*)=165.527=116,P<0.001

FeNa (%)

(0.1-1) 0.28(0.21-0.54)  0.29(0.16-0.61) 049 (0.32-1.36) H=214,df=2P=0426

uCr (mg/dl)

(125-324) 233 (161-304.5) 147.5(82.25-206.8) 127 (79.5-220.5) H=12.8,df=2P=0.0017 U (*)=780.5,Z7=-3.55,P<0.001

Data are expressed as mean + standard deviation or median and interquartile range

Cr creatinine, SDMA symmetric dimethylarginine, USG urine-specific gravity, UPC urine protein-to-creatinine ratio, uAm/Cr urinary amylase-to-creatinine ratio, uFerr/
Cr urinary ferritin-to-creatinine ratio, uGGT urinary gamma-glutamyltransferase, uGlu/Cr urinary glucose-to-creatinine ratio, FeNa fractional excretion of sodium, uCr

urinary creatinine, H Kruskall-Wallis H-test, df degrees of freedom, F Fisher’s exact test, t t-test, U Mann-Whitney U-test Z Mann-Whitney Z-score

" Statistically significant differences between healthy dogs and IRIS stage | dogs

AStatistically significant differences between healthy dogs and IRIS stages Il + 11l +1V dogs

°Statistically significant differences between IRIS | and IRIS stage Il +1ll +1V dogs

(7.67-14.87); post hoc U (*)=765.5, Z=—-3.75, P=0.002,
Fig. 1A] while urinary nephrin was similar in the two
groups [U (*)=653, Z=-1.69, P=0.09, Fig. 1B].

No significant differences were found for the uPoC and
uNeC between healthy dogs and dogs with leishmanio-
sis in different IRIS clinical stages (H=4.83, df=2, P=0
0.089; H=5.52, df=2, P=0.063, respectively, Table 5).

In healthy dogs and dogs with leishmaniosis, there was
a moderate positive correlation between urinary podocin
and urinary nephrin concentrations [Pearson’s coefficient

correlation, r(33=0.42, P=0.01; r;35=0.45 P=0.005,
respectively, Fig. 2A,B] and a strong positive correlation
between uPoC and uNeC [r33,=0.71 and r35)=0.75, P<0
0.0001, Fig. 2A,B]. In healthy dogs, there was a moder-
ate correlation between urinary nephrin and uNeC and
a strong correlation between urinary podocin and uPoC
[r33=0.69 and r(35=0.72; P<0.0001, Fig. 2A,B]. Accord-
ing to IRIS staging, dogs in IRIS stage I had a moder-
ate correlation between uPoC and uNeC [r(,5=0.67,
P<0.0001]. Dogs in IRIS stage II+III4+IV showed a
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Table 5 The uPoC and uNeC in healthy dogs and dogs with leishmaniosis according to IRIS staging

T
IRIS Stage II-llI-IV
Fig. 1 Box plots showing the concentrations of (A) urinary podocin and the concentrations of (B) nephrin in healthy dogs and dogs

Parameter Healthy dogs Stage | Stages Il +1ll+1V Statistical analysis
n=35 n=30 n=7

uPoC x 10°° 6.4 76 5.1 H=4.83,df=2,P=0.089
(5.5-8.6) (5.9-10.1) (3.3-6.8)

uNeC x 107° 1.6 2.1 1.1 H=5.52,df=2,P=0.063
(1.1-2.1) (1.5-3.0) (0.8-1.9)

Data are expressed as median and interquartile range

UPoC urinary podocin-to-creatinine ratio, uNeC urinary nephrin-to-creatinine ratio, H Kruskall-Wallis H-test, df degrees of freedom

A B
Q Q Q Q
g 2 2 : £ £ £ g
uPo uPo -0.34 0.11
1 os 105
uNe uNe 0.24 0.08
0 0
uNec uNec -0.34 0.24
-0.5 1-0.5
uPoC uPoC 0.11 0.08
-1.0 -1.0

Fig. 2 Correlation plot between uPo, uNe, uNeC, and uPoC in healthy dogs (A) and dogs with leishmaniosis (B). uPo urinary podocin concentration,

uNe urinary nephrin concentration, uNeC urinary nephrin-to-creatinine ratio, uPoC urinary podocin-to-creatinine ratio



Pantaleo et al. Parasites & Vectors (2024) 17:423

strong correlation between urinary podocin and urinary
nephrin [r;=0.76, P=0.04] and a very strong correla-
tion between uPoC and uNeC [r(5 =0.96, P=0.0006].

In dogs with leishmaniosis there was a moderate nega-
tive correlation between urinary podocin concentration
and Cr, SDMA, UPC, and uAm/Cr [r35=0.40, P=0.02;
rs= —0.53; P=0.001; rg5= —0.52, P=0.001; rg5=
—0.54, P=0.001, respectively, Table 6]. A strong positive
correlation was observed between urinary podocin and
USG in dogs with leishmaniosis [r(35)=0.74, P<0.001,
Table 6]. Urinary nephrin had a moderate negative corre-
lation with Cr, SDMA, UPC, and uAm/Cr [r(35= —0.46,
P=0.004; r(35= —0.45, P=0.006; r(35= —0.50, P=0.002;
135y = —0.50, P=0.002, respectively, Table 6]. According
to IRIS staging, there was a moderate negative correla-
tion between urinary podocin concentration and SDMA,
UPC, and uAm/Cr in dogs in IRIS stage I [rg = —0.58;
P=0.001; r(54y= —0.43, P=0.016; r(54)= —0.44, P=0.015,
respectively, Table 7]. A strong positive correlation was
observed between urinary podocin and USG in dogs
in IRIS stage I and IRIS stages II+III+IV [r35=0.71,

Table 6 Correlations between urinary podocin and nephrin
concentrations and various renal/urinary markers in the two
groups

Healthy dogs Dogs with
leishmaniosis

n=35 n=37
Markers r P-value* r P-value*
uPo x Cr 0.21 0.22 —0.40 0.02*
uPo X SDMA 0 1.0 —-0.53 0.001*
uPo x USG 0.29 0.1 0.74 <0.001*
uPo x UPC —0.05 0.77 —0.52 0.001*
uPo X uAm/Cr 0.34 0.04* —0.54 0.001*
uPo x uFerr/Cr 0 0.99 -0.11 0.50
uPo X uGGT/cr 0.04 0.80 —0.06 0.70
uPo x uGlu/Cr -0.14 042 -0.2 0.23
uNe x Cr —0.09 0.50 —0.46 0.004*
uNe x SDMA -0.17 0.76 —-0.45 0.006*
uNe x USG 0.27 0.19 0.28 0.09
uNe x UPC 0.02 0.19 —0.50 0.002*
uNe x uAm/Cr -0.18 0.64 —-0.50 0.002*
uNe X uFerr/Cr -0.10 0.36 -0.28 0.28
uNe X uGGT/Cr —0.05 0.08 -0.09 0.61
uNe X uGlu/Cr 0.02 045 -0.22 0.19

" Pearson'’s test, Bold: data considered significant P<0.05 and r>0.4

r correlation coefficient, uPo urinary podocin concentration, Cr creatinine, SDMA
symmetric-dimethylarginine, USG urine-specific gravity, UPC urine protein-to-
creatinine ratio, uAm/Cr urinary amylase-to-creatinine ratio, uFerr/Cr urinary
ferritin-to-creatinine ratio, uGGT/Cr urinary gamma-glutamyltransferase-to-
creatinine ratio, uGlu/Cr urinary glucose-to-creatinine ratio, uNe urinary nephrin
concentration
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P<0.001; r35=0.87, P=0.01, respectively, Table 7]. A
moderate negative correlation between urinary podocin
and SDMA was found in dogs in IRIS stage [ [r(y)=
—0.58; P=0.001, Table 7]. A very strong correlation was
found between urinary nephrin and USG in dogs in IRIS
stage [I+11+1V [r5=0.93, P=0.002, Table 7].

In dogs with leishmaniosis there was a moderate nega-
tive correlation between uNeC and USG (r(35= —0.54,
P=0.001, Table 8). According to IRIS staging, in dogs in
IRIs stage I a moderate correlation was found between
uNeC and SDMA and USG [rpg=0.52, P=0.003;
rogy= —0.64, P<0.001, Table 9], and a strong correla-
tion between uNeC and UPC and uNeC and uAm/Cr
[r25)=0.84, P=0.02; r,4=0.80, P=0.03, respectively,
Table 9].

No correlation was found in leishmaniotic dogs
between SBP and UPC, urinary podocin, urinary
nephrin, uPoC, and uNeC [r35=0.20, P=0.25; r(35=
-0.31, P=0.06; rg5= —0.18, P=0.29; r35= —0.09,
P=0.58; r(35= —0.32, P=0.05, respectively].

On the basis of multivariable logistic regression, leish-
maniosis was associated with increase on SDMA [odds
ratio (OR) 1.4, 95% CI1.08-1.92; Z=0.34, P=0.015), and
uAm/Cr (OR1.7, 95% CI1.15-3.09; Z=0.53, P=0.04].
The area under the curve (AUC) of the model was 0.95
(95% CI0.89-0.99) and the Hosmer—Lemeshow good-
ness-of-fit test validated the model [y-squared chi-
squared test, y>=3.56, df=6, P=0.74].

Discussion

In the present study, podocin and nephrin were evaluated
in the urine of healthy dogs and dogs with leishmanio-
sis. This is the first report in which urinary podocin and
nephrin were detected in dogs affected by leishmanio-
sis as markers of podocyturia. Podocin was detected in
the urine of all healthy dogs using the same commercial
ELISA test as previously documented [23], while nephrin
was measured for the first time in the urine of healthy
dogs using a commercial ELISA test. That result contrasts
with those of some human studies in which nephrin
measured with this methodology was not detected in the
urine of healthy controls [43, 47]. In a veterinary study,
nephrin mRNA was measured in urine sediment from
healthy dogs with a positive detection rate of 40% [24].
It should be kept in mind that the use of different meth-
ods, which vary in terms of sensitivity, makes it difficult
to compare the results obtained from different studies,
and the presence of physiological podocyturia in dogs
remains under discussion [48].

Interestingly, urinary podocin and nephrin concentra-
tions were lower in dogs with leishmaniosis compared
with healthy dogs. These decreases are difficult to inter-
pret due to the heterogeneity of the dogs included in the



Pantaleo et al. Parasites & Vectors

Page 11 of 16

Table 7 Correlations between urinary podocin and nephrin concentrations and various renal/urinary markers according to IRIS stages

IRIS stage | dogs

IRIS stage II-II-IV dogs

Dogs with leishmaniosis

n=30 n=7 n=37
Markers r P-value* r P-value* r P-value*
uPo x Cr -0.07 0.73 —0.39 032 —0.40 0.02*
uPo x SDMA —0.58 0.001* -0.71 0.08 —0.53 0.001*
uPo x USG 0.71 <0.001* 0.87 0.01* 0.74 <0.001*
uPo x UPC —0.43 0.016* —-0.55 0.20 —-0.52 0.001*
uPo x uAm/Cr —-0.44 0.015* —0.59 0.17 —0.54 0.001*
uPo x uFerr/Cr -0.17 037 -0.01 0.98 -0.11 0.50
uPo x uGGT/cr -0.03 0.86 —0.50 0.26 —-0.06 0.70
uPo x uGlu/Cr -0.12 0.53 -0.21 0.66 -0.2 0.23
uNe x Cr 0.05 0.79 —0.51 0.24 —0.46 0.004*
uNe x SDMA 0.01 0.96 —0.53 0.22 —-0.45 0.006*
uNe x USG 0.16 041 0.93 0.002* 0.28 0.09
uNe x UPC -0.36 0.06 -0.39 032 —0.50 0.002*
uNe x uAm/Cr -0.37 0.05 -0.34 047 —0.50 0.002*
uNe x uFerr/Cr —0.28 0.13 0.26 0.57 -0.28 0.28
uNe x uGGT/Cr -0.10 0.58 0.03 094 —-0.09 061
uNe x uGlu/Cr —0.15 041 -0.07 0.88 -0.22 0.19

r correlation coefficient, uPo urinary podocin concentration, Cr creatinine, SDMA symmetric-dimethylarginine, USG urine-specific gravity, UPC urine protein-to-
creatinine ratio, uAm/Cr urinary amylase-to-creatinine ratio, uFerr/Cr urinary ferritin-to-creatinine ratio, uGGT/Cr urinary gamma-glutamyltransferase-to-creatinine

ratio, uGlu/Cr urinary glucose-to-creatinine ratio, uNe urinary nephrin concentration

" Pearson’s test, Bold: data considered significant P<0.05 and r> 0.4

present study. Dogs with leishmaniosis belonged to dif-
ferent stages of IRIS, meaning a different degree of dis-
ease severity and of renal involvement. When dogs were
classified according to the IRIS staging, urinary podocin
and nephrin concentrations were significantly lower in
dogs in IRIS stages II4+III4+1V compared with dogs in
IRIS stage I and with healthy dogs. These findings are
in part consistent with those of dogs with chronic renal
disease (without an etiological diagnosis of their renal
disease) in IRIS stages III and IV, in which a significant
decrease has been described in the presence of podocin
and nephrin mRNA in urine [24]. The results of the lat-
ter study were consistent with the reduction in the num-
ber of podocytes in the kidneys that has previously been
identified in dogs with chronic kidney disease at various
stages but without an etiological diagnosis [49].

Dogs in stage I of IRIS had lower and similar urinary
podocin and nephrin concentrations compared with
healthy dogs, respectively. These results were totally
unexpected, difficult to explain, and contrasted with the
higher detection of urinary podocin and nephrin mRNA
levels in dogs with chronic kidney disease in IRIS stages
I and II [24]. In the study by de Souza et al. [24], all dogs
in stages IRIS I and II had proteinuria, while in the cur-
rent study, some dogs in stage I had proteinuria and some
did not. It is possible that proteinuria was the cause of the

variations between the two investigations. Proteinuria is
considered a hallmark of glomerular disease [50], but the
absence of proteinuria does not rule out the presence of
glomerular damage, as shown in the study by Costa et al.
[6] in which non azotemic and non proteinuric dogs with
leishmaniosis had on renal histopathology minor glomer-
ular abnormalities and mesangial proliferative glomeru-
lonephritis. In the current study, the lack of a kidney
biopsy does not allow for confirmation or exclusion of
glomerular damage in non-proteinuric dogs in IRIS stage
I with leishmaniosis.

When CanL causes kidney involvement, renal disease
is mainly of glomerular origin with different histopatho-
logical forms of glomerulonephritis [6, 7, 51] that can
progress to tubulointerstitial lesions, azotemia, and ulti-
mately to end-stage renal failure [9, 10]. Several human
studies have reported that podocyte loss was corre-
lated with the development of glomerulopathy [52], and
podocyturia could be the first indicator of kidney failure
in dogs due to the damage of the glomerular basement
membrane [21] and the onset of proteinuria [30]. Pro-
teinuria is the main clinical pathological finding of glo-
merular disease in CanL [9] which varies in severity in
the different forms of glomerulonephritis. In humans, the
rate of excretion of podocytes reflects the type of disease
and disease activity (with active renal disease defined by a
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Table 8 Correlations between the uNeC and uPoC and various
renal/urinary markers in the two groups

Healthy dogs Dogs with
leishmaniosis
n=35 n=37

Markers r P-value* r P-value*
uPoC x Cr -0.12 0.50 -0.29 0.08
uPoC x SDMA —-0.05 0.76 -0.25 0.14
uPoC x USG -0.22 0.19 -0.24 0.15
uPoC x UPC 0.23 0.19 0.18 0.30
uPoC x uAm/Cr —-0.08 0.64 0.19 0.27
uPoC X uFerr/Cr 0.16 0.36 0.21 0.20
uPoC X uGGT/Cr 0.30 0.08 0.18 0.27
uPoC x uGlu/Cr 0.13 045 0.1 0.50
uNeC x Cr -0.35 0.04* -0.21 0.21
uNeC x SDMA -0.1 0.55 —-0.05 0.75
uNeC x USG -0.29 0.08 —0.54 0.001*
uNeC x UPC 0.29 0.10 0.21 0.20
uNeC x uAm/Cr 0.1 0.57 0.26 0.12
uNeC x uFerr/Cr 0.03 0.85 0.22 0.19
uNeC x GGT/cr 0.2 0.25 0.16 036
uNeC x Glu/Cr 03 0.08 0.11 0.53

r correlation coefficient, uPoC urinary podocin-to-creatinine ratio, Cr creatinine,
SDMA symmetric-dimethylarginine, USG urine-specific gravity, UPC urine
protein-to-creatinine ratio, uUAm/Cr urinary amylase-to-creatinine ratio, uFerr/Cr
urinary ferritin-to-creatinine ratio, uGGT/Cr urinary gamma-glutamyltransferase-
to-creatinine ratio, uGlu/Cr urinary glucose-to-creatinine ratio, uNeC urinary
nephrin-to-creatinine ratio

" Pearson’s test, Bold: data considered significant P<0.05 and r>0.4

urinary albumin/creatinine ratio > 300 pg/mg) [22]. Podo-
cyturia has been shown to be positively correlated with
active renal disease, but not with inactive one [22, 53, 54].
In dogs, proteinuria is generally considered a marker of
kidney progression when combined with azotemia [55].
In the present study, most dogs with leishmaniosis were
not azotemic and had a variable degree of proteinuria.
Furthermore, no kidney biopsy was performed in dogs
with leishmaniosis, so on the one hand, a final diagnosis
of the type of renal disease was missing, and on the other
hand, it is not known in which dogs an active or inactive
renal disease was present. The definition of active/inac-
tive renal disease has not been well established in veteri-
nary medicine. De Souza and colleagues have shown that
dogs with chronic kidney disease in stages I and II had
more frequent detection of urinary nephrin and podocin
m-RNA, and this result combined with high proteinuria
could suggest active kidney injury [24]. More studies are
necessary to better understand which mechanisms inter-
vene during renal disease in CanL.

No significant differences were observed between dogs
with leishmaniosis and healthy dogs in the uPoC and
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uNeC. However, IRIS stage I dogs showed an increasing
trend compared with healthy dogs, and with IRIS stages
II+III+1IV dogs a decreasing trend. These last results
seemed in line with those of a study in which dogs in
IRIS stages I and II had increased podocin and nephrin
mRNA expression and, dogs in IRIS stages III and IV
decreased expression of both markers [24]. In contrast, in
a study of dogs with degenerative mitral valve disease, a
control group of dogs with kidney disease (of unknown
origin) had a significantly increased uPoC compared with
healthy dogs, but the IRIS stage they belonged to was not
considered [23].

In the current study, dogs of both groups (healthy ver-
sus leishmaniotic) had a positive correlation between
urinary podocin and nephrin and uPoC and uNeC.
These results agree with those of humans with diabetes
mellitus in which a strong positive correlation between
podocin and nephrin mRNA in urine was found, sug-
gesting a common pathophysiological pathway for their
presence in urine [56]. Podocytes cover the glomerulus,
and their adjacent foot processes form a principal barrier
called the slit diaphragm. Two essential parts of the slit
diaphragm are podocin and nephrin [57], which interact
directly when podocin binds to nephrin’s cytoplasmic tail
and activates it [58]. On the basis of the results in the pre-
sent study and the anatomical-functional link between
podocin and nephrin, both proteins could be used as
markers of podocyturia in dogs. Interestingly, there was a
positive correlation between urinary podocin and uPoC,
and urinary nephrin and uNeC in healthy dogs, but not
in dogs with leishmaniosis (confirmed in both IRIS stage
I and in IRIS stage I1+III+1V dogs). A possible explana-
tion must be sought in the lower uCr concentration and
lower USG in dogs with leishmaniosis compared with
healthy dogs. In this study, all dogs with leishmaniosis
had kidney disease even if the degree of kidney disease
varies according to IRIS staging.

In dogs with leishmaniosis, urinary podocin and
nephrin concentrations were negatively correlated with
Cr, SDMA, and UPC. The negative correlation between
urinary podocin and nephrin and Cr and SDMA could
be explained by the fact that with the progression of
renal disease, there is a reduction in the number of
nephrons and podocytes that adhere to the glomeru-
lar basement membrane [49]. When uPoC and uNeC
were considered, the correlation with Cr and SDMA
was not significant (except for uNeC and SDMA in
dogs in IRIS stage I), perhaps due to the different val-
ues of uCr in the group of dogs with leishmaniosis and
the low number of dogs in each stage (according to the
IRIS staging). The negative correlation between urinary
podocin and nephrin concentrations and UPC is diffi-
cult to explain given that proteinuria was found in both
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Table 9 Correlations between the uNeC and uPoC and various renal/urinary markers according to IRIS stages

IRIS stage | dogs

IRIS stage II-lI-IV dogs Dogs with leishmaniosis

n=30 n=7 n=37

Markers r P-value* r P-value* r P-value*
uPoC x Cr —0.35 0.06 -0.22 0.64 -0.29 0.08
uPoC x SDMA 0.08 0.69 -0.28 0.55 —-0.25 0.14
uPoC x USG -0.28 0.13 -0.34 046 -0.24 0.15
uPoC x UPC 0.06 0.74 0.70 0.08 0.18 0.30
uPoC x uAm/Cr 0.14 045 0.67 0.1 0.19 0.27
uPoC x uFerr/Cr 0.25 0.18 0.08 0.86 0.21 0.20
uPoC x uGGT/Cr 0.25 0.18 -0.04 094 0.18 0.27
uPoC x uGlu/Cr 0.39 0.04* 0.26 0.58 0.1 0.50
uNeC x Cr -0.14 0.45 —0.11 0.81 -0.21 0.21
uNeC x SDMA 0.52 0.003* —-0.06 0.90 —-0.05 0.75
uNeC x USG —0.64 <0.001* —-0.47 0.29 —-0.54 0.001*
uNeC x UPC 0.22 0.24 0.84 0.02*% 0.21 0.20
uNeC x uAm/Cr 0.28 0.13 0.80 0.03* 0.26 012
uNeC x uFerr/Cr 023 0.23 0.12 0.80 0.22 0.19
uNeC x GGT/cr 0.17 038 0.17 0.72 0.16 0.36
uNeC x Glu/Cr 03 0.03* 033 048 011 053

r correlation coefficient, uPoC urinary podocin-to-creatinine ratio, Cr creatinine, SDMA symmetric-dimethylarginine, USG urine-specific gravity, UPC urine protein-to-
creatinine ratio, uAm/Cr urinary amylase-to-creatinine ratio, uFerr/Cr urinary ferritin-to-creatinine ratio, uGGT/Cr urinary gamma-glutamyltransferase-to-creatinine
ratio, uGlu/Cr urinary glucose-to-creatinine ratio, uNeC urinary nephrin-to-creatinine ratio

" Pearson’s test, Bold: data considered significant P<0.05 and r> 0.4

IRIS stage I and IRIS stages II+1II4+1V dogs, although
proteinuria was higher in IRIS stages II+III+1IV dogs.
In line with the current study, a prior study found that
dogs with advanced stages of chronic renal disease had
higher levels of proteinuria and lower levels of podocin
and nephrin mRNA in urine sediment. This was likely
caused by a decrease in podocyte population [49] and
the contribution of podocytopenia to proteinuria [24].
Interestingly, in a human study, the authors showed
that the association between podocyturia and proteinu-
ria varied according to the type of glomerular disease:
a high correlation in minimal change disease and a low
correlation in membranous nephropathy [59]. Urinary
podocin was positively correlated with USG in dogs
with leishmaniosis. There was a positive correlation
between urinary nephrin and USG in dogs in IRIS stage
II+III1+1IV but not in dogs in IRIS stage I. In a human
study, podocyturia has been shown to be higher in
more concentrated urine, but the mechanism remains
to be defined [22].

In the present study, dogs with leishmaniosis had a sig-
nificant inflammatory response compared with healthy
dogs. These results are in agreement with the increase
in acute phase proteins such as CRP, Ft, and Hp [60, 61]
and the decrease in iron and TIBC [62], as previously
described. All these findings suggest that the parasite

triggers an acute phase response in the host that changes
iron status [60, 62].

Although dogs with leishmaniosis had overall a lower
serum Cr concentration (with a Cr within the normal
reference interval in dogs in IRIS stage I and increased
in IRIS stage II+III+1IV) compared with healthy dogs,
SDMA was higher in the group of sick dogs (even if the
majority of dogs were in the normal reference interval).
No clear explanation was found for the lower Cr con-
centration in dogs in IRIS stage I compared with healthy
dogs. Apparently, no muscle waist was appreciated on
physical examination, but different owners reported
weight loss in the last month as one of the main clinical
signs. It is possible that there was a decreased muscle
mass, which influences Cr but not SDMA concentra-
tions [63, 64]. Only the body condition score and not the
muscle condition score was evaluated in the groups, and
therefore is difficult to interpret correctly this difference
in a clinical context. Another aspect to consider is the
intraindividual variability of SDMA [63] and the poten-
tial limitation of the SDMA assay [65].

Proteinuria, and different markers of tubular and glo-
merular injury, were measured, and interestingly, UPC,
uFerr/Cr, and uGGT/Cr were significantly increased in
dogs with leishmaniosis compared with healthy dogs,
highlighting that during this disease process there can be
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tubular and/or glomerular damage even before the onset
of kidney dysfunction as shown by other authors [10, 19,
66, 67].

The uAm/Cr was significantly increased in dogs with
leishmaniosis compared with healthy dogs and accord-
ing to statistical analysis resulted likely as marker of renal
damage during this infection. On the basis of its molecu-
lar weight of 54 kD [68, 69], it has purposed as a marker
of tubular and/or glomerular injury. In this sense, Schep-
per et al. stated that in the absence of pancreatic disease,
amylasuria could be an indicator of renal glomerular dis-
ease in female dogs with pyometra [70].

This study has several limitations. The limited number
of dogs studied could have limited the statistical power
to detect significant differences in the variables studied
(especially when the dogs were further divided into dif-
ferent groups according to the IRIS staging). Another
limitation can be the division of dogs in IRIS stage I and
IRIS stage II+III+1IV, which include dogs with a very
wide range of kidney dysfunction. The lack of a kidney
biopsy in dogs with leishmaniosis does not allow for
determining whether histopathological changes occurred
in the kidneys and the eventual association between a
specific type of renal pathological findings with urinary
podocin and nephrin concentrations. Another aspect to
consider is the fact that a normal reference interval with
an adequate number of healthy dogs (at least 120 healthy
dogs) for urinary podocin and nephrin concentrations
and for uPoC and uNeC has not yet been established in
veterinary medicine. Urinary podocin and nephrin con-
centrations are dependent on urine concentration, and
therefore, it is recommended to normalize them to uCr
concentration. It remains to be defined whether this cri-
terion should be applied in hypersthenuria urine (dogs
with a USG >1030) and in the case of using urinary cellu-
lar sediment rather than urinary supernatant [71]. In vet-
erinary medicine, only one study in dogs described the
use of urinary podocin normalized to uCr concentration
[23, 72]. Urinary podocin has been measured with dif-
ferent methodologies in human medicine without defin-
ing which should be the gold standard, and in a study in
which urinary podocin was quantified by an ELISA test
the result was normalized to uCr concentration [72]. In
human literature, the most commonly used technique
for measuring urine nephrin is an ELISA test, but there
is no consensus on how to report urinary nephrin con-
centration [73]. As reviewed by Mesfine et al.,, urinary
nephrin concentration has been mostly reported in ng/
ml and a few times as urinary nephrin concentration cor-
rected for uCr concentration without any comparison
between these two ways [73]. More research is needed to
understand whether urinary podocin and nephrin con-
centrations can be useful in clinical practice for the early
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detection of glomerular injury in CanL and other canine
renal diseases.

Conclusions

Urinary podocin and nephrin concentrations can be
measured using a commercial ELISA test in healthy dogs
and dogs with leishmaniosis. Dogs with leishmaniosis
appeared to have a low concentration of podocin and
nephrin in more advanced clinical stages of IRIS staging,
where kidney disease was more severe compared with
healthy dogs and dogs with mild disease. The results of
this study suggest that urinary podocin and nephrin are
not good markers for early diagnose of renal disease in
dogs with leishmaniosis.
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CanL Canine leishmaniosis
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WBC White blood cell count
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GGT Gamma-glutamyl transferase
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