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Abstract
Aim: The aim of this study was to evaluate changes in proteinuria in dogs naturally infected with visceral leishmaniasis,
following treatment with miltefosine (MLF) and allopurinol.
Materials and Methods: Medical records of 40 dogs with leishmaniasis, treated with 2 mg/kg MLF every 24 h PO and
10 mg/kg allopurinol every 12 h for 28 days were reviewed. 20 dogs were included in the study, and clinical staging
was performed following guidelines of the Canine leishmaniasis (CanL) Working Group, and dogs were categorized for
proteinuria according to the International Renal Interest Society (IRIS) staging system. Clinical score, indirect fluorescent
antibody test titer, serum total protein, gamma globulin (IgG), serum creatinine and urea concentration, and urine protein
creatinine ratio (UP/C) were recorded at the time of diagnosis before the start of therapy (D0) and at the end of 28 days of
therapy (D28).
Results: Following the CanL Working Group staging, all 20 dogs were classified as the clinical Stage C (Clinical disease)
before and after the cycle of treatment. Before the cycle of therapy, dogs were categorized according to the IRIS staging
system, as: 9/20 non-proteinuric (NP), 7/20 borderline proteinuric (BP), and 4/20 proteinuric (P). After treatment, 12/20
dogs were NP, 7/20 were BP, and 1/20 was P. There was a significant change in UP/C values before and after one cycle of
treatment with MLF. In detail, after 28 days of therapy, 2 of 9 NP dogs became BP, 3 of the 7 BP dogs became NP, and 2 of
the 4 P dogs became NP.
Conclusion: This study showed a significant decrease in UP/C values occurred after one cycle of treatment with MLF and
allopurinol in dogs naturally affected with CanL. This suggests that MLF does not increase proteinuria, and the use of MLF
could be considered for the management of dogs with leishmaniasis, particularly in those with impaired renal function at
the time of diagnosis.
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Introduction

Canine leishmaniasis (CanL) is a life-threatening zoonotic disease widely spread throughout
the Mediterranean basin and caused by a flagellate
protozoan, Leishmania infantum [1]. The main clinical findings of CanL are weight loss, muscle atrophy, lymphadenomegaly, dermatological lesions,
non-regenerative anemia, serum hyperproteinemia,
polyclonal hyperglobulinemia, decreased albumin/
globulin ratio, renal azotemia, and persistent renal
proteinuria [2]. In dogs with clinical signs of CanL,
there is an immune system shift toward a humoral
(Th2) response. The activation of B-cells produces high levels of immunoglobulin and production of immune-complexes composed of IgG, IgM,
and/or IgA [3,4]. Immune-mediated mechanisms
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play a pivotal role in the development of renal
pathology [5,6].
In dogs with CanL, it is important to monitor
proteinuria using the urinary protein creatinine ratio
(UP/C), as proteinuria is one of the first signs of renal
impairment [2,7]. Moreover, it is essential that drugs
used for the treatment of CanL have a low impact on
the kidneys, particularly in dogs with impaired renal
function at the time of diagnosis [8].
The standard protocol for treatment of CanL
has been combination therapy with meglumine antimoniate and allopurinol [9,10]. Miltefosine (MLF)
(in combination with allopurinol) is the most commonly used alternative treatment to meglumine antimoniate and the only oral drug for the treatment of
CanL [11,12]. Multiple in vivo and in vitro trials have
demonstrated its leishmania killing activity [13],
which is effected through disruption of both signaling
pathways and cell membrane synthesis, inducing an
apoptosis-like cell death. A recent study [8] reported
that MLF has limited impact on kidney function in
healthy dogs, and no glomerular or tubular lesions
were found on kidney biopsies in healthy dogs experimentally treated with MLF. The suggestion is that
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proteinuria does not increase in dogs treated with
MLF. The importance of minimizing renal impairment in dogs with CanL means that the choice of a
safe pharmacological treatment is crucial.
The aim of this study was to evaluate changes in
proteinuria before and after treatment with MLF and
allopurinol in dogs naturally infected with leishmaniasis. In addition, the variations between serum levels of
total globulin, total protein (TP), urea, creatinine, and
antibodies, before and after treatment, were evaluated.
Materials and Methods
Ethical approval

This retrospective study was performed at the
Department of Veterinary Sciences for Health, Animal
Production and Food Safety (VESPA) of the University
of Milan, and it did not include experimental animals,
and it was performed on client-owned dogs referred
to our institution for therapeutic purpose. All owners gave informed consent for treatments, measurements, and for data recording. The study was carried
out in accordance with Italian law (DL 14th March
2014 n.26) and Europe Union legislation covering
the use of animal for the scientific purpose (“Animal
Scientific Procedures Act” 63/2010/EU) and with the
Institutional Ethical Guidelines.
Inclusion criteria and clinical procedures

A retrospective review was carried out of the
medical records of 40 dogs with confirmed leishmaniasis presented at the Internal Medicine Service of
the Department of Health, Animal Science and Food
Safety, University of Milan, Italy, between 2008 and
2014 that had received a leishmanicidal therapy with
2 mg/kg q 24 h PO of MLF in combination with allopurinol at 10 mg/kg q 12 h for 28 days PO.
Data collection

Dogs were eligible for inclusion in the study
if they fulfilled the following criteria: Physical
examination at the first consultation and the end of
the cycle of MLF treatment, with severity of signs
referable to CanL scored on the basis of clinical
score according to the signs reported in a previous
study [14]; assigning a value from 0 to 3 to each
parameter, depending on the severity of each sign,
with a maximum achievable score of 86/86 [15]; a
diagnosis of leishmaniasis established by clinicopathologic abnormalities, positive serology for L. infantum using immunofluorescence antibody (IFA) test
and cytologic identification of leishmania amastigotes, or detection of parasite DNA using polymerase
chain reaction in either lymph node or bone marrow
aspirates according to diagnostic criteria previously
described [2]; hematological and serum biochemical
blood examination, IFA test for CanL and complete
urinalysis, on samples collected by cystocentesis,
including UP/C, at the time of the diagnosis and at
the end of the cycle of MLF treatment; residence in
a CanL non-endemic area of Northern Italy (to avoid
any possible reinfection).
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All dogs with other neoplastic, degenerative,
inflammatory, endocrine, immunologic, and genetic
diseases potentially associated with proteinuria were
excluded. Dogs were also excluded if they had concomitant infectious diseases (e.g. babesiosis, ehrlichiosis, and dirofilariasis) diagnosed by parasitological
or serological examinations. Any dogs receiving additional medical treatment, including nephrotoxic drugs
and those that might change proteinuria, e.g. steroids
and angiotensin-converting enzyme inhibitors, were
also excluded.
The following information was extracted from
the medical records of each dog: Signalment (age, sex,
breed, and provenance/travel history), clinical score
with clinicopathological signs of CanL, indirect fluorescent antibody test (IFAT) titer, serum TP, gamma
globulin (IgG), serum creatinine and urea concentrations, and UP/C. Data were recorded at the time of the
diagnosis before the start of therapy (D0) and at the
end of the 28 days treatment period (D28).
Dogs were classified on the basis of stage of disease following the clinical staging of the CanL Working
Group [16]. Dogs were considered to be Stage A
(exposed) when they had no clinical signs, tested negative for parasites, and had a low antibody titer; in
Stage B (infected), when they had no clinical signs,
positive identification of parasite, and had a low antibody titer; in Stage C (clinical disease), when they had
clinical signs and/or clinicopathological abnormalities
associated with leishmaniasis, positive identification
of parasite and/or antibody titer >4 times the reference
value; in Stage D (severe clinical disease), when they
had all signs of Stage C and severe concomitant signs
such as proteinuria, severe kidney disease or severe
ophthalmic or joint disease. Dogs were also classified
on the basis of UP/C value according to the International
Renal Interest Society (IRIS) guidelines (http://www.
iris-kidney.com, 2016-01-20). Dogs were considered:
Non-proteinuric (NP) when UP/C was <0.2; borderline
proteinuric (BP) when UP/C was 0.2 to 0.5, and proteinuric (P) when UP/C was more than 0.5.
Statistical analysis

Data statistical analyses were performed using
commercial statistical software (MedCalc, v.12.3.0).
The distribution of data was assessed using descriptive statistics Kolmogorov–Smirnov test. Parameters
before and after therapy were compared using a paired
t-test when the data were normally distributed, or the
non-parametric Wilcoxon matched paired-test when
the data were not normally distributed. The level of
significance was set at p<0.05.
Results

A total of 20/40 dogs met the criteria for inclusion in the study. Ages of these 20 dogs ranged from
1 to 14 years. 14 were intact males and 6 were female
(4 neutered), 14 were X-breeds and 6 were purebreds.
Following the staging of CanL as previous
described [16], before and after the cycle of treatment,
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all 20 dogs were classified as clinical Stage C (clinically diseased). Mean, median, and confidence interval 95% and p-value of the clinical score, IFAT titer,
TP, gamma globulin, creatinine, urea, UP/C before
and after therapy for the 20 dogs treated are reported
in Table-1. The value of UP/C in each subject before
and after the treatment is reported in Table-2.
According to IRIS staging system before the
cycle of MLF and allopurinol, 9/20 were NP, 7/20 were
BP, and 4/20 were P. After treatment, 12/20 dogs were
NP, 7/20 were BP, and 1/20 was P. In particular, 2 of 9
NP dogs became BP, 3 of 7 dogs with BP became NP,
and the other 3 remained BP, but P decreased; 2 of 4 P
dogs became NP.
Except the value of UP/C, there were no significant differences between any parameters before and
after the cycle of therapy with miltefosine and allopurinol. All dogs demonstrated clinical response to therapy, with significant improvement of the clinical score
and a reduction of UP/C mean value.
Discussion

The glomerulonephropathy that characterizes CanL is the result of a glomerular deposition
of circulating immune complexes from persistent
antigenemia [17]. The consequent activation of the
complement system causes injury to the glomerular
capillaries and mesangium [17]. Immune complex
deposition in glomeruli causes glomerulonephritis and
proteinuria [18]. Even though some studies report new
markers of renal damage in dogs with CanL, such as
ferritin and cystatin C concentrations [19] and urinary
gamma-glutamyl transferase value [20], proteinuria is

still considered the earliest sign of kidney injury in
CanL [2]. There is strong evidence that proteinuria
is a risk factor for the development and progression
of renal failure which is the most severe complication of CanL and carries a poor prognosis [17,18,21].
Furthermore, a recent study highlights the correlation
between elevated blood pressure and increased UP/C
in dogs with CanL [22]. So, it is important that any
drug used for the treatment of CanL does not alter
renal function and does not increase the magnitude of
proteinuria. Some studies in dogs have reported the
short-term efficacy of MLF therapy in association
with allopurinol and reported that this combination is
a safe, convenient, and effective alternative treatment
option for CanL, producing only mild (and self-limiting) side effects [23-26]. A controlled study [20] has
evaluated the effectiveness and safety of MLF and
allopurinol therapy in CanL reporting that renal and
hepatic parameters were not affected by the therapy.
Bianciardi et al. [8] evaluated the pharmacological and toxicological effects of meglumine antimoniate and MLF in healthy dogs experimentally treated
and submitted to renal biopsy after 27 days of treatment, showing that in the MLF-treated group there
were no ultrastructural lesions, while tubular damage was found in the meglumine antimoniate treated
group.
The results of our study are in accordance with
the previous report of Bianciardi et al. [8] since we
found a significant reduction of proteinuria after
28 days of therapy with miltefosine and allopurinol
in dogs naturally affected with CanL. In fact, after
28 days of therapy, 2 of 4 P dogs became NP and 3 of 7

Table-1: Mean, median, 95% CI, interquartile interval and P value of clinical score, IFAT titer, TP (g/dl), IgG (%),
creatinine and urea (mg/dl), and UP/C in 20 dogs before and after 28 days of therapy.
Parameter
Clinical score
NV: 0
Mean (95% CI)
IFAT titer
NV: Titer<1:80
(min‑max)
TP
NV: 6‑8 g/dl
Mean (95% CI)
IgG
NV: 5.3‑9.9%
Mean (95% CI)
Creatinine
NV<1.2 mg/dl (Median I‑III interquartile
interval)
Urea
NV: 15‑45 mg/dl
(Median I‑III interquartile interval)
UP/C
NP: <0.2
BP: 0.2‑0.5
P: >0.5
(Median I‑III interquartile interval)

D0

D28

p value

5.1
(3.1‑7.09)

2.6
(1.52‑3.77)

p=0.0046

160‑1280
(320‑640)

80‑1280
(240‑640)

p=0.2661

8
(7.55‑8.45)

7.6
(7.24‑7.96)

p=0.0730

21.36
(16.89‑25.83)

19.06
(14.75‑23.36)

p=0.1009

0.91
(0.8‑1.05)

0.91
(0.7‑1.1)

p=0.8077

40.75
(29‑45.5)

38.55
(29.5‑44)

p=0.4171

0.35
(0.1‑0.7)

0.26
(0.1‑0.4)

p=0.016

NV: Normal value, NP: Non‑proteinuric, BP: Borderline proteinuric, P: Proteinuric, CI: Confidence interval 95%, TP: Total
protein, IFAT: Indirect fluorescent antibody test, UP/C: Urine protein creatinine, IgG: Gamma globulin
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Table-2: UP/C value in 20 dogs before and after the
treatment.
Dog
1
2
3
4
5
6
7
6
8
9
10

D0 UP/C
value
0.9 P
0.3 BP
0.2 BP
0.1 NP
0.8 P
0 NP
0.2 BP
0.5 BP
0.1 NP
0.4 BP
0.1 NP

D0 UP/C
value
0.4
0.2
0.1
0.1
0.1
0.1
0.1
0.3
0.1
0.4
0.1

BP
BP
NP
NP
NP
NP
NP
BP
NP
BP
NP

Dog

D0 UP/C
value

D0 UP/C
value

10
11
12
13
14
15
16
17
18
19
20

0.1 NP
0.1 NP
0.9 P
0.1 NP
0.1 NP
0.1 NP
0.2 BP
1P
0.9 P
0.3 BP
0.2 BP

0.1 NP
0.1 NP
2P
0.4 BP
0.1 NP
0 NP
0.3 BP
0 NP
0.4 BP
0.2 BP
0.1 NP

P: Proteinuric, BP: Borderline proteinuric,
NP: Non‑proteinuric, UP/C: Urine protein creatinine

BP dogs became NP. All dogs receiving any treatment
to reduce proteinuria, other than allopurinol, were
excluded from the study to isolate the effects of MLF.
All dogs in this study demonstrated clinical
response to therapy, with significant improvement of
the clinical score; this is in agreement with results of
previous studies [23-26]. There was no statistically
significant difference between D0 and D28 for any
of the measured parameters except the value of UP/C.
Moreover, there was a reduction in the mean percentage of IgG in the mean concentration of TP and the
mean value of IFAT titer. Despite the improvement in
the average value of these parameters, they remained
above normal limits. This finding does not indicate a
lack of efficacy of treatment because the therapeutic
effect of MLF persists after the 28 days of therapy.
This long-lasting activity of MLF may be attributed
to its long elimination half-life in canines, leading to
a high level of drug accumulation with persistence of
therapeutic effects after the treatment period [25]. In
addition, CanL affects multiple organs and systems,
resulting in polymorphic perturbations in hematologic
and biochemical parameters that might require different times to resolve.
We would like to emphasize that recent studies [16,26] report that the effects of meglumine antimoniate in combination with allopurinol are better than
MLF with allopurinol for treatment of leishmaniasis
in dogs because there was a decrease in the incidence
of disease recurrence in dogs treated with meglumine
antimoniate plus allopurinol. The clinician must carefully assess the relationship between safety and efficacy when selecting therapy. The results of this study
provide a clinically relevant finding that could aid the
clinical management of proteinuric dogs with leishmaniasis and may help to establish a treatment regime
that reduces the progression of renal disease. Because
of the small number of dogs included in this study and
the short period of follow–up, results need to be confirmed in a larger study including a larger number of
dogs followed over a longer period before any firm
conclusions can be made.
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Conclusion

In conclusion, significant decreases in UP/C
value occurred after one cycle of treatment with MLF
and allopurinol in dogs affected with CanL. This suggests that MLF does not increase proteinuria and treatment with MLF could be considered in the management of dogs with leishmaniasis with impaired renal
function at the time of diagnosis.
Authors’ Contributions

DP designed the study. The experiment was done
by DP, ES, and RP. All the authors participated in data
analysis, draft, and revision of the manuscript. All
authors read and approved the final manuscript.
Acknowledgments

The authors are thankful to the Department of
Veterinary Medicine of the University of Milan, for
providing facilities. The authors did not receive any
fund for the present study.
Competing Interests

The authors declare that they have no competing
interests.
References
1.

2.

3.

4.

5.
6.

7.
8.

9.

Amusategui, I., Sainz, A., Rodríguez, F. and Tesouro, M.A.
(2003) Distribution and relationships between clinical and
biopathological parameters in canine leishmaniosis. Eur. J.
Epidemiol., 18: 147-56.
Solano-Gallego, L., Koutinas, A., Mirò, G., Cardoso, L.,
Pennisi, M.G., Ferrer, L., Bourdeau, P., Oliva, G. and
Baneth, G. (2009) Directions for the diagnosis, clinical
staging, treatment and prevention of canine leishmanosis.
Vet. Parasitol., 65: 1-18.
Nieto, R.T., Giunchetti, R.C., Carneiro, C.M., Vitor, R.W.,
Coura-Vital, W., Quaresma, P.F., Ker, H.G., de Melo, L.A.,
Gontijo, C.M. and Reis, A.B. (2010) Relationship of leishmania – Specific IgG levels and IgG avidity with parasite
density and clinical sings in canine leishmaniosis. Vet.
Parasitol., 169: 248-257.
Solano-Gallego, L., Riera, C., Roura, X., Iniesta, L.,
Gallego, M., Valladares, J.E., Fisa, R., Castillejo, S.,
Alberola, J., Ferrer, L., Arboix, M. and Portús, M. (2001)
Leishmania infantum-specific IgG1 and IgG2 antibody
responses in healthy and ill dogs from endemic areas.
Evolution in the course of infection and after treatment. Vet.
Parasitol., 96: 265-276.
Sardomikelakis, M.N. (2009) Advances in the pathogenesis
of canine leishmaniosis: Epidemiologic implications. Vet.
Dermatol., 20: 471-489.
Koutinas, A.F. and Koutinas, C.K. (2014) Pathologic mechanisms underlying the clinical findings in canine leishmaniosis due to Leishmania infantum/chagasi. Vet. Pathol.,
51: 525-539.
Palacio, J., Liste, F. and Gascon, M. (1995) Urinary protein/
creatinine ratio in the evaluation of renal failure in canine
leishmaniosis. Vet. Rec., 137: 567-568.
Bianciardi, P., Brovida, C., Valente, M., Aresu, L.,
Cavicchioli, L., Vischer, C., Giroud, L. and Castagnaro, M.
(2009) Administration of miltefosine and meglumine antimoniate in healthy dogs: Clinicophatological evaluation of
the impact on the Kidney. Toxicol. Pathol., 37: 770-775.
Oliva, G., Roura, X., Crotti, A., Maroli, M., Castagnaro, M.,
Grandoni, L., Lubas, G., Paltrinieri, S., Zatelli, A. and
Zini, E. (2010) Guidelines for treatment of leishmaniasis in
907

Available at www.veterinaryworld.org/Vol.9/August-2016/18.pdf

10.
11.

12.

13.

14.

15.

16.

17.

18.

dogs. J. Am. Vet. Med. Assoc., 236: 1192-1198.
Noli, C. and Auxilia, S.T. (2006) Treatment of canine old
world visceral leishmaniasis: A systematic review. Vet.
Dermatol., 16: 213-232.
Manna, L., Vitale, F., Reale, S., Picillo, E., Neglia, G.,
Vescio, F. and Gravino, A.E. (2009) Study of efficacy of
miltefosine and allopurinol in dogs with leishmaniosis. Vet.
J., 182: 441-445.
Andrade, H.M., Toledo, V.P., Pinheiro, M.B.,
Guimarães, T.M., Oliveira, N.C., Castro, J.A., Silva, R.N.,
Amorim, A.C., Brandão, R.M., Yoko, M., Silva, A.S.,
Dumont, K., Ribeiro, M.L. Jr., Bartchewsky, W. and
Monte, S.J. (2011) Evalutation of miltefosine for the treatment of dogs naturally infected with L. infantum (=L. chagasi) in Brazil. Vet. Parasitol., 2011: 83-90.
Maia, C., Nunes, M., Marques, M., Henriques, S., Rolão, N.
and Campino, L. (2013) In vitro drug susceptibility of
Leishmania infantum isolated from humans and dogs. Exp.
Parasitol., 135: 36-41.
Solano-Gallego, L., Mirò, G., Koutinas, A., Cardoso, L.,
Pennisi, M.G., Ferrer, L., Bourdeau, P., Oliva, G. and
Baneth, G. (2011) LeishVet guidelines for the practical
management of canine leishmaniosis. Parasit. Vector, 4: 86.
Proverbio, D., Spada, E., De Giorgi, G.B. and Perego, R.
(2014) Failure of miltefosine treatment in two dogs naturally affected with Leishmania infantum. Vet. Med., 2014:
Article ID: 640151, 6..
Roura, X., Fondati, A., Lubas, G., Gradoni, L., Maroli, M.,
Oliva, G., Paltrinieri, S., Zatelli, A. and Zini, E. (2013)
Prognosis and monitoring of leishmaniosis in dogs: A working group report. Vet. J., 198: 43-47.
Aresu, L., Benali, S., Ferro, S., Vittone, V., Gallo, E.,
Brovida, C. and Castagnaro, M. (2012) Light and electron
microscopic analysis of consecutive renal biopsy specimens from Leishmania-seropositive dogs. Vet. Pathol.,
5: 753-760.
Zatelli, A., Borgarelli, M., Santilli, R., Bonfanti, U.,
Nigrisoli, E., Zanatta, R., Tarducci, A. and Guarraci, A.

19.

20.

21.
22.

23.

24.
25.

26.

(2003) Glomerular lesions in dogs infected with Leishmania
organisms. Am. J. Vet. Res. 64: 558-561.
García-Martínez,
J.D.,
Martinez-Subiela,
S.,
Tvarijonaviciute, A., Caldin, M. and Ceron, J.J. (2015)
Urinary ferritin and cystatin C concentrations at different
stages of kidney disease in leishmaniotic dogs. Res. Vet.
Sci., 99: 204-207.
Ibba, F., Mangiagalli, G. and Paltrinieri, S. (2016) Urinary
gamma-glutamyl transferase (GGT) as a marker of tubular
proteinuria in dogs with canine leishmaniasis, using sodium
dodecylsulphate (SDS) electrophoresis as a reference
method. Vet. J., 210: 89-91.
Poli, A., Abramo, F., Mancianti, F., Nigro, M., Pieri, S. and
Bionda, A. (1991) Renal involvent in canine leiahmaniasis.
Nephron, 57: 444-452.
Braga, E.T., Leite, J.H., Rosa, F.A., Tivelli, P., Araújo, A.M.,
Almeida, B.F., Ferrari, H.F., Ciarlini, P.C., Machado, G.F.
and Marcondes, M. (2015) Hypertension and its correlation
with renal lesions in dogs with leishmaniosis. Rev. Bras.
Parasitol. Vet., 24: 45-51.
Miró, G., Oliva, G., Cruz, I., Cañavate, C., Mortarino, M.,
Vischer, C. and Bianciardi, P. (2009) Multicentric, controlled clinical study to evaluate effectiveness and safety of
miltefosine and allopurinol for canine leishmaniosis. Vet.
Dermatol., 20: 397-404.
Woerly, W., Maynard, L., Sanquer, A. and Eun, H.M. (2009)
Clinical efficacy and tolerance of miltefosine in the treatment of canine leishmaniosis. Parasitol. Res., 105: 463-469.
Mateo, M., Maynard, L., Vischer, C., Bianciardi, P. and
Miró, G. (2009) Comparative study on the short term efficacy and adverse effects of miltefosine and meglumine antimoniate in dogs with natural leishmaniosis. Parasitol. Res.,
105: 155-162.
Manna, L., Corso, R., Galiero, G., Cerrone, A., Muzj, P.
and Gravino, A.E. (2015) Long-term follow-up of dogs
with leishmaniosis treated with meglumine antimoniate
plus allopurinol versusmiltefosine plus allopurinol. Parasit.
Vector, 8: 289.

********

Veterinary World, EISSN: 2231-0916

908

