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Abstract

Canine Leishmaniasis is a vector-borne disease caused by the intracellular protozoa Leishmania
infantum, which continues to be a difficult and challenging disease to effectively treat and cure.
Among variable antileishmanial drugs, the use of miltefosine appeared to be safe and effective for
treatment of canine Leishmaniasis and is nowadays widely used in veterinary medicine. This study
was aimed to evaluate the use of miltefosine in Dutch veterinary first-line practice, a non-endemic
country, by assessing survival, efficacy of a first miltefosine therapy cycle as measured by recovery of
clinical signs and clinicopathological parameters, and side effects as outcome parameters. Patient
files of dogs with a confirmed diagnosis and treated with miltefosine in 2014, 2015, 2016 and 2017,
were retrospectively reviewed. Survival analysis and assessment of side effect was performed on the
complete dataset (n=53), while the efficacy of therapy was assessed only on a subset (n=25) of
included dogs (“Inclusion TO-T1”). A survival probability of 78% and 71%, three-years from diagnosis
and commencement of the first miltefosine therapy cycle, respectively, was shown. Gastrointestinal
side effects were reported in 23% of treatments. For the efficacy of the first miltefosine therapy
cycle, the clinical signs lymphadenomegaly and scaling skin, and the laboratory parameters
hematocrit, thrombocytes, total protein, globulins, albumin, and A/G-ratio improved significantly
after treatment. Administration of allopurinol was very common and may have had a positive effect
on the outcome. This study provides an accurate overview of the use of miltefosine in Dutch
veterinary first-line practice and therewith provided useful and promising results.
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Introduction

Canine Leishmaniasis due to Leishmania infantum is a vector-borne disease and zoonosis. A sand fly
vector of the genus Phlebotomus, transmits the flagellated infective promastigote form through
bites when consuming blood meals from dogs. In this second and main reservoir host, an
intracellular amastigote form develops in macrophages and replicates. The vector is present in
Europe, especially Mediterranean countries and in America, Asia, and Africa ! 23 %, However, canine
Leishmaniasis is also of great importance in non-endemic countries, due to import of infected
companion animals or dogs travelling to endemic areas 2 3. Other described non-sand fly
transmission include infection through blood, venereal and vertical transmission 2 °.

The incubation period for Leishmania infantum is very variable %. Some infected dogs remain
asymptomatic for many months to years, while others develop canine Leishmaniasis with different
clinical signs and clinicopathological abnormalities, shortly after infection. This strongly depends on
the immune response, as dogs with an enhanced humoral but a reduced cellular response are more
likely to be affected by a severe clinical manifestation 34 °. Various (nonspecific) clinical signs and
altered laboratory values are described in symptomatic dogs due to inflammatory reactions and
deposition of immune complexes in multiple organs such as skin, kidney, intestines, eyes, and



mucous membranes. Therefore, common described symptoms are skin lesions, generalized
lymphadenomegaly, weight loss, onychogryphosis, ulcerous lesions, pale mucous membranes,
anorexia, and ocular lesions 1235678 Hyperproteinemia, hypergammaglobulinemia,
hypoalbuminemia, anemia, and proteinuria are reported most often as altered laboratory values &°
1011 Thus, the degree of severity is variable as well and can be fatal, most likely due to chronic renal
failure 2361213,

Multiple direct or indirect methods of diagnostics are available. Quantitative serology, such as
ELISA, IFAT, and DAT, as an indirect test, detects anti-Leishmania antibodies in blood of infected
animals, and is a frequently used diagnostic method. A high positive anti-Leishmania titer, in
combination with compatible clinical signs and hematological, biochemical and urinalysis test
abnormalities, confirms canine Leishmaniasis. If a quantitative serology test result is negative or low
positive, direct tests are recommended. Direct tests, which detect the presence of Leishmania
infantum parasites or DNA from sampled cutaneous lesions, enlarged lymph nodes and/or bone
marrow, include cytology, histology, and PCR. PCR is used when cytology and histology are not
diagnostic ! 2.

Many different drugs can be used in the treatment of canine Leishmaniasis depending on the
animal’s clinical condition and severity of the disease. Therefore, guidelines were published by the
LeishVet Group and the Canine Leishmaniasis Working Group, based on a staging system and
recommended drugs include allopurinol alone, or in combination with meglumine antimoniate
(Glucantime®) or miltefosine (Milteforan®). However, therapy is not always effective and
parasitological cure is rarely achieved which often results in relapses. Therefore, lifelong veterinary
checkups should be applied 1231415,

Miltefosine (hexadecylphosphocholine), an alkyphosphocholine ether-lipid analogue, was
originally developed as an anticancer drug while its leishmaniacidal potential was discovered in the
1980s. It is presumed that miltefosine perturbates the signaling pathway, phospholipid metabolism
and membrane biosynthesis of the parasite, which causes apoptosis-like cell death 16 17 181920,
Because miltefosine has no effect on kidneys, it is the recommended choice of treatment for dogs
with renal insufficiency as meglumine antimoniate has nephrotoxicity and long-term use of
allopurinol can cause renal mineralization and xanthine urolithiases as a side effect ! 2> 2% 22 23,
Miltefosine appeared to be safe and effective against canine Leishmaniasis, at an administered
dosage of 2 mg/kg bodyweight once a day orally, for twenty-eight consecutive days. Gastro-
intestinal symptoms such as anorexia, lethargy, vomiting and diarrhea, are reported as side effects
of miltefosine ! 1624 25 26,

The aim of this study was to evaluate the use of miltefosine in Dutch veterinary first-line
practice, a non-endemic country, by assessing survival, efficacy of a first miltefosine therapy cycle as
measured by recovery of clinical signs and clinicopathological parameters, and side effects as
outcome parameters.

Materials and methods
Animals

The distributor of miltefosine in the Netherlands, Virbac Netherlands, provided all written
prescriptions for miltefosine for the period from January 1, 2014, to December 31, 2017. Veterinary
practices were contacted by phone and email by four students to obtain informed consent and
patient files.

Dogs of all breeds, sex, and age, with a confirmed diagnosis of canine Leishmaniasis and
treated with miltefosine in 2014, 2015, 2016 and 2017 by first-line veterinarians in the Netherlands
were included in the study. The diagnosis of canine Leishmaniasis was based on the combination of



clinical signs, clinicopathological parameters and a positive antibody titer (serology) and/or the
proven presence of Leishmania amastigotes on cytology, histology, or PCR.

Dogs with a concurrent CVBD such as Ehrlichia canis, Babesia canis, Borrelia burgdorferi,
Anaplasma platys, and Dirofilaria immitis were excluded from the study based on a positive antibody
titer (serology), blood smear and/or PCR. Dogs that received other treatments such as systemic
corticosteroids, ivermectin and oclacitinib prior to diagnosis, between diagnosis and miltefosine
treatment or during miltefosine treatment were excluded from the start of the study. However, if
dogs received these drugs after miltefosine treatment, they were excluded during the study. Other
exclusion criteria were pretreatment with meglumine antimoniate, original diagnosis was made in
the country of origin or too much missing information in the patient file.

For assessment of a first miltefosine therapy cycle efficacy, additional inclusion criteria were
the presence of clinical signs and clinicopathological parameters, within a set timeframe of one to
four months before and after commencement of miltefosine treatment, respectively. Also, the
administered dosage of 2 mg/kg bodyweight/day and duration of at least 20 consecutive days of
miltefosine treatment were additional inclusion criteria. Dogs that met these criteria were putin a
subset of the included dogs, the group named “Inclusion TO-T1”.

Patient files were obtained with informed consent from both referring veterinarian and owner.
The following data were collected from patient files: 1) signalment and travel history, 2) diagnostics,
3) information on clinical presentation and laboratory findings at diagnosis and checkups, 4)
concurrent CVBD, 5) information on prescribed treatment for canine Leishmaniasis and other drugs
and 6) censoring.

Data analysis

The assessment of frequency and type of possible side effects and survival analysis was performed
on the complete dataset. Efficacy of therapy was assessed only for those dogs for which data on
dosage, duration, and presence of clinical signs and clinicopathological parameters prior and after
treatment was available and met the additional criteria (“Inclusion TO-T1”). To eliminate the
introduction of inclusion bias by the data “Inclusion TO-T1”, a comparison of data was made with the
dogs in the part of the dataset “Exclusion TO-T1” for whom these data on efficacy of therapy were
not suitable.

Statistical analysis

For the statistical comparison of a continuous variable between two dependent group of dogs, both
groups were evaluated for normal distribution and equal variance. Evaluation of normality was
performed using the generalized linear model function, normal Q-Q residuals, and Shapiro-Wilk
normality test of the residuals. The var.test was used for evaluation of equal variance
(homoscedasticity). If the data was normally distributed and the variance was equal, a two-sample
paired t-test was performed. Otherwise, a Wilcoxon signed rank test was used (paired is true).

The McNemar’s test was performed for a comparison of a binary variable between two dependent
groups. A Kaplan-Meier curve was used to show the probability of survival until the event. Survival
time was defined as time in days from diagnosis or commencement of first miltefosine treatment
until time of death due to canine Leishmaniasis (the event). Dogs were censored if they received
treatment with corticosteroids or meglumine antimoniate, if lost to follow-up or if still alive. It was
assumed that being censored or not, was not related to the probability of the event occurring (non-
informative). The significance level used for the statistical tests was 5%. RStudio Team (2022) %’ was
used for the calculations.



Results

Figure 1 presents the sum of receipts, informed consent and patient files, and in- and excluded dogs
from four consecutive years (2014-2017). The number of miltefosine receipts received from Virbac
Netherlands are not corrected for overlapping patients (*). Only three out of 53 dogs (5.7%) from
Dutch veterinary first-line practices were referred to UKG, however many veterinarians consulted a
Leishmaniasis specialist by phone.

Dogs included for \

Miltefosine receints Received informed analysis
: ~IP consent and n=53 (28.5%)
received from Virbac . .
patient file

Dogs excluded for

— *

N\ n=532 n=186 analysis

n=133 (71.5%) )

Figure 1: Flowchart of data

The following exclusion criteria were applied on 133 dogs: 1) immunosuppressive treatment
(n=21), 2) too much missing information in patient file (n=41), 3) original diagnosis was made in
country of origin (n=41), 4) no confirmed diagnosis of canine Leishmaniasis (n=8), 5) diagnosed with
one or more other CVBD (n=13), 6) did not receive miltefosine treatment (n=3), 7) pretreatment
with meglumine antimoniate (n=3) and 8) no clinicopathological parameters at diagnosis (n=3).

The complete dataset consisted of 53 dogs: 25 dogs were included in the subset of data
“Inclusion TO-T1” and 28 dogs were included in the subset of data “Exclusion TO-T1”, because of the
following reasons: 1) checkup more than four months after commencement of first miltefosine
treatment (n=11), 2) checkup more than one month before commencement of first miltefosine
treatment (n=2) 3) no checkup after miltefosine treatment (n=3), 4) no clinicopathological
parameters at checkup after treatment (n=4), 5) duration of therapy less than 20 consecutive days
(n=1) and 6) combination of reasons (n=7).

Complete dataset
Signalment

As mentioned in figure 1, 53 dogs were included for analysis. Most of the 53 included dogs were
crossbreeds (40/53), also a Bodeguero (1/53), Breton Spaniel (1/53), Dobermann (1/53), Epagneul
Breton (1/53), German Shepherd (1/53), Podenco Ibicenco (2/53), Boomer (1/53), Dutch Shepherd
(1/53), Galgo Espariol (1/53), Greyhound (1/53), Miniature Pinscher (1/53) and Pug (1/53) were
represented. Only two dogs (3.8%) were born in the Netherlands and had travelled to Spain, France
and/or Sweden, the other 51 dogs were imported from Spain (71.7%), Portugal (1.9%), Greece
(20.8%) and Turkey (1.9%). Four dogs were male intact, 27 dogs were male neutered, one dog was
female intact, and 21 dogs were female neutered. The dogs had a [median * IQR] age at diagnosis of
3.4 £ 4.0 years and [median = IQR] bodyweight at diagnosis of 18.4 + 14.9 kg. Unfortunately,
bodyweight at diagnosis of eight dogs was unavailable.

Diagnostics

Diagnosis of canine Leishmaniasis was confirmed by clinical signs, clinicopathological parameters and
only serology (84.9%), only histology (1.9%), only cytology (1.9%), combination of serology and



cytology (5.7%) or combination of serology and PCR (5.7%). Hence, different diagnostics techniques
were used and performed by the laboratories IDEXX VML, Laboklin, UVDL and AML.

Concurrent other CVBD

A subset of the 53 dogs was tested for concurrent other CVBD by serology and/or PCR. Twenty-
seven dogs tested negative for Ehrlichia canis, four dogs tested negative for Anaplasma platys, 12
dogs tested negative for Borrelia burgdorferi, 14 dogs tested negative for Dirofilaria immitis, and 20
dogs tested negative for Babesia canis. Four dogs with a borderline or positive serology test result
for Babesia canis or Ehrlichia canis were included in the study, which does not correspond to
previously mentioned criteria. However, they were tested negative by PCR and/or showed no clinical
signs related to the concerning disease which suggests that anti-Babesia canis and anti-Ehrlichia
canis antibodies remained in the blood after a previous recovered infection 2 2°, The remaining dogs
were not tested for concurrent other CVBD.

Clinical signs and clinicopathological abnormalities at diagnosis

Table 1 summarizes all 32 clinical signs and a selection, based on the most common abnormalities
found in canine Leishmaniasis * 2, of clinicopathological parameters at diagnosis. Unfortunately, not
every dog was tested for each clinicopathological parameter and therefore only the tested values
are shown in table 1.

In conclusion, the distribution of clinical signs was widely spread with general skin involvement,
scaling of the skin, scaling of the skin and crustae head as cutaneous signs, and lymphadenomegaly
documented most often. Anemia and the five variable protein spectrum parameters illustrated in
table 1, were described in more than 50% of dogs. Luckily, renal azotemia was present in less than
20% of dogs, which deteriorates the prognosis 2. Comparable laboratory findings are described in the
literature 1. Only thrombocytopenia was reported more often (44.7%) than the study by Ciaramella
et al. (1997) ** and Shaw et al. (2009) 3, 29% and 22%, respectively. However, this may be explained
by the influence of aggregates in the thrombocytes value shown in table 1 and 3 (spurious
thrombocytopenia) *2. For urine laboratory analysis, all 14 UPC results at diagnosis were not useful
because sediment of urine was not available or showed leucocytes and epithelial cells.

Therapy

Figure 2 shows the total individual treatment of canine Leishmaniasis from commencement of first
antileishmanial therapy until censor date. Many variations were seen in the choice, duration and
order of treatment, and period without treatment. However, the distribution of time between
diagnosis and commencement of an antileishmanial treatment was quite equal between dogs
(Imedian = IQR] 6 = 7 days). In the following paragraphs, an overview of the figure and information
on dosages and side effects are given.



Table 1: Complete dataset with all 32 clinical signs and a selection of clinicopathological parameters at diagnosis. The specific location of crustae on the head, was seen around ears, eyes, and nose. Because of
variable laboratories, the result of each clinicopathological parameter was compared to its own reference range. Whenever biochemical parameters total protein and albumin were examined, but a globulins result
was absent; the formula ‘total protein — albumin’ was used for the calculation of globulins and compared to the reference range of another patient from the same laboratory. Unfortunately, analyzer Spotchem has
no reference range for globulins and therefore five available values* were noted as not available. The A/G-ratio was calculated by dividing albumin with total protein - albumin. **One available value of
thrombocytes was noted as not available because of platelet clumping. ***A urea value below reference range was seen in one dog and a creatinine value below reference range was seen in another dog, however
these values have no clinical relevance for this study and therefore notes as nondeviant. ****Six dogs had increased creatinine and urea values, while three dogs had a creatinine value within reference range but an
increased urea value. Two dogs had a urea value within reference range, but an increased creatinine value and one dog showed an increased creatinine value, but urea was not determined.

Clinical signs n/total % Clinicopathological abnormalities n/total

General signs Hematological parameters

Lethargy 16/53 30.2 Anemia 23/43 53.5
Anorexia 15/53 28.3 | Thrombocytopenia ** 17/38 44.7
Fever 3/53 5.7 Leukocytosis 6/42 14.3
Vomiting 7/53 13.2  Leukopenia 9/42 21.4
Diarrhea 14/53 26.4

Sneezing 1/53 1.9

Polyuria and polydipsia 10/53 18.9

Weight loss 12/53 22.6

Pale mucous membranes 5/53 9.4

Ulcerative mucosae lesions 0/53 0

Epistaxis 3/53 5.7

Lymphadenomegaly 21/53 39.6

Hepatomegaly 1/53 1.9

Splenomegaly 0/53 0

Cutaneous signs Protein spectrum

General skin involvement 29/53 54.7 Hyperproteinemia 34/53 64.2
Scaling skin 21/53 39.6  Hypoalbuminemia 28/51 54.9
Scaling skin and crustae head 26/53 49.1 Hyperglobulinemia * 38/46 82.6
Vasculitis 0/53 0 Gammaglobulinemia 19/21 90.5
Erythema 7/53 13.2

Hypotrichosis 9/53 17.0

Alopecia 13/53 24.5

Seborrheic skin 1/53 1.9

Nodular dermatitis 1/53 1.9

Ulcerative dermatitis 1/53 1.9



Long nails
Onychogryphosis
Locomotion signs
Stiff

Lameness
Overfilled joints
Muscle atrophy
Ocular signs

Neurological signs

2/53
2/53

10/53
10/53
6/53
2/53
8/53

2/53

3.8
3.8

18.9
18.9
11.3
3.8

15.1

3.8

Renal azotemia ****
Increased Creatinine ***
Increased Urea ***

Increased liver enzymes
ALP
ALT

9/50
9/49

6/46
4/44

18.0
18.4

13.0
9.1
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Figure 2: The total individual treatment of canine Leishmaniasis is illustrated from commencement of first antileishmanial therapy (x-axis = 0) until censor date (in days). The different (no) treatment options are
shown in the legenda. Censor date could be the start of corticosteroids or meglumine antimoniate treatment, dead by Leishmaniasis or still alive/lost to follow up. *After the third allopurinol as
monotherapy treatment period, dog #23 received no treatment for a total of 326 days and allopurinol for a total of 65 days. However, for 13 months, this was administered in the following repetitive schedule: five
days a month of allopurinol as monotherapy, followed by no treatment for the rest of the month and so on. **After the first no treatment period, dog #51 received allopurinol for a total of 84 days and no treatment
for a total of 250 days. However, this was administered in the following repetitive schedule: seven days of allopurinol as monotherapy, followed by 21 days of no treatment for 11 months, and seven days of
allopurinol as monotherapy and 19 days of no treatment for one month.



In 22 out of 53 dogs, miltefosine was administered as the first therapy after diagnosis with
[median £ IQR] 14 £ 113 days in between. Seventeen out of 22 dogs received miltefosine combined
with allopurinol and in five out of 22 dogs miltefosine was given as a monotherapy. The other 31
dogs received allopurinol alone as the first therapy after diagnosis, followed by a combined
treatment with miltefosine (24/31) or no treatment (7/31). 69.8% of dogs received miltefosine once,
while 22.6% twice and 5.7% three times, and miltefosine was administered four times in 1.9% of
dogs. Treatment may be repeated based on relapses of clinical signs and/or clinicopathological
parameters. Relapses cannot be biased by reinfections in this study.

The range of duration of the first miltefosine therapy cycle was 5 to 98 days, with a median of
28 days. In 39 dogs (73.6%), miltefosine was administered according to the user instructions in a 28-
day course. For the other 14 dogs, the duration of therapy was 5, 8, 11, 15, 19, 20, 25, 30, 30, 30, 32,
39, 42 and 98 days. Two dogs died of canine Leishmaniasis during the treatment period and received
miltefosine for only 8 and 15 days. Three other dogs showed side effects such as anorexia, lethargy,
vomiting and/or diarrhea when miltefosine was administered and is the reason for discontinuing the
treatment at 5, 11 and 19 days. One dog received miltefosine treatment for 98 consecutive days
because of insufficiently improvement of clinical signs and laboratory values. At last, no explanation
was provided for deviating from recommended duration of therapy in eight other dogs.

Most dogs (90.6%) received a daily dose of 2.0 mg/kg bodyweight once a day, while three dogs
(5.7%) received 1.8 mg/kg bodyweight once a day, one dog (1.9%) received a daily dose of 2.1 mg/kg
bodyweight once a day and another dog (1.9%) received 2.0 mg/kg bodyweight three times a day.

All 53 dogs received allopurinol as part of their therapy protocol, with a duration of [median *
IQR] 591 + 814 days. The administered dosage of allopurinol was [median + IQR] 19.9 + 6.7 mg/kg
bodyweight/day.

Besides receiving miltefosine and allopurinol therapy, a period without administration of
antileishmanial drugs until censoring was documented in 32 dogs (60.4%). The duration of this “no
antileishmanial treatment period” was [median + IQR] 81 + 434 days. However, this was temporarily
in 24 out of 32 dogs (figure 2).

Side effects

When evaluating side effects of miltefosine treatment for all dogs, all 74 miltefosine treatments
(30.2% of dogs received more than one treatment) were considered. Side effects were noted in 23%
of treatments (17/74), which consisted of anorexia/hyporexia (12/17), lethargy (6/17), diarrhea
(7/17) and/or vomiting/nausea (9/17). Patient files of 15 dogs reported side effects, with a side
effect rate of 33%, 50% or 100%. A side effect rate of 50% means side effects were documented in
one of two miltefosine therapy cycles or in two of four miltefosine therapy cycles.

Data analysis

There were no significant differences for comparison of signalment, individual frequency of clinical
signs, clinical score and clinicopathological abnormalities (hematological and biochemistry analysis)
at diagnosis, course of total treatment for canine Leishmaniasis, duration of the first cycle of
miltefosine therapy, incidence of side effects and Kaplan-Meier survival probability curve in the
group “Inclusion TO-T1” versus “Exclusion TO-T1” (data not shown). Therefore, all results are given
for the complete dataset, with exception of the therapy efficacy results which is described for the
subset “Inclusion TO-T1”.



Survival analysis

As described in statistical analysis, date of diagnosis, date of commencement of first miltefosine
treatment, date and reason of censoring, were necessary for graphing a Kaplan-Meier survival
probability curve.

Dogs were followed during a time course of [median + IQR] 1055 + 873 days from diagnosis to
censor date. At censor date 26/53 and 4/53 of dogs were still alive or lost to follow up, respectively,
13/53 were dead due to canine Leishmaniasis, 2/53 and 8/53 of dogs were censored because of the
use of glucocorticoids and meglumine antimoniate, respectively. The median survival probability
from diagnosis and commencement of first miltefosine treatment was 2157 days (95% Cl: 1651-NA
days) and 1637 days (95% Cl: 1637-NA days), respectively. However, in this dataset, the median
survival time with a wide accompanying 95% Cl, is quite unreliable due to insufficient events
occurring at this timepoint  (figure 3). Therefore, it was preferred to use the survival probability of
78% and 71%, three-years from diagnosis and commencement of the first miltefosine therapy cycle,
respectively.
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Figure 3A and 3B: Kaplan-Meier survival probability curves of complete dataset with corresponding 95% confidence intervals. Hatch marks
indicate censored dog. The horizontal line at 0.5 illustrates the median survival probability and the vertical line at three-years illustrates
the corresponding survival probability with an acceptable 95% confidence interval.

Efficacy of the first miltefosine therapy cycle

As described above, clinical signs and clinicopathological abnormalities, before and after treatment,
were compared for the subset “Inclusion TO-T1”. For this group of 25 dogs, checkup before
treatment was [median + IQR] 10 6 days and posttreatment examination date was [median £ IQR]
60 * 49 days after commencement of the first miltefosine therapy cycle. The range of duration of
first treatment with miltefosine was 20-39 days, with a median of 28 days.

Clinical signs

The clinical signs lymphadenomegaly and scaling skin improved significantly after therapy compared
to before, while the p-value of the clinical signs lethargy, anorexia, scaling skin and crustae head, and
stiff were almost below 0.05. The McNemar’s test was not applicable for sneezing, ulcerative
mucosae lesions, hepatomegaly, vasculitis, seborrheic skin, nodular and ulcerative dermatitis, and
neurological signs because these clinical signs were absent at pre- and posttreatment examination
date and therefore not shown in table 2.

Besides statistically analyzing the efficacy of therapy for each clinical sign separately, it was
useful to visualize each dog’s clinical symptom improvement and promising results are displayed in
the column of ‘Return to normal values at T1, table 2. A 100% recovery rate was reported for 13
clinical signs. This table also presents the inevitable outcome of dogs showing no clinical sign
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improvement at posttreatment examination date or showing a clinical symptom at posttreatment
examination date which was not present before therapy.

Clinicopathological abnormalities

Before treatment the hematological parameters hematocrit and thrombocytes were below merged
reference range and increased significantly after treatment. On the other hand, at pretreatment
examination date total protein and globulins were above merged reference range and decreased
significantly at posttreatment examination date. Even though, the median of albumin was within
merged reference range before and after treatment, a significant increase was seen. The A/G-ratio
also increased significantly.
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Table 2: Clinical signs at pre- and/or posttreatment examination date, calculated p-value of therapy efficacy using the McNemar’s test and return to normal values at posttreatment examination date. *P-value <0.05.

mm-
General signs Number % Number % Number
Lethargy 9 36 3 12 0.08 7 77.8
Anorexia 9 36 3 12 0.08 7 77.8
Fever 2 8 0 0 NA 2 100
Vomiting 4 16 1 4 0.25 3 75
Diarrhea 3 12 0 0 NA 3 100
Polyuria and polydipsia 5 20 1 4 0.22 5 100
Weight loss 4 16 0 0 NA 4 100
Pale mucous membranes 4 16 3 12 1.00 4 100
Epistaxis 1 4 0 0 NA 1 100
Lymphadenomegaly 8 32 2 8 0.04 * 6 75
Splenomegaly 1 4 0 0 NA 1 100
Cutaneous signs
General skin involvement 11 44 5 20 0.11 8 72.7
Scaling skin 11 44 3 12 0.01* 8 72.7
Scaling skin and crustae head 11 44 6 24 0.07 5 45.5
Erythema 3 12 1 4 0.48 2 66.7
Hypotrichosis 2 8 2 8 1.00 1 50
Alopecia 5 20 1 4 0.13 4 80
Long nails 1 4 0 0 NA 1 100
Onychogryphosis 1 4 0 0 NA 1 100
Locomotion signs
Stiff 7 28 1 4 0.08 7 100
Lameness 4 16 2 8 0.62 3 75
Overfilled joints 2 8 1 4 1.00 2 100
Muscle atrophy 2 8 0 0 NA 2 100
Ocular signs 2 8 0 0 NA 2 100
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Table 3: Median and IQR of clinicopathological parameters at pre- and posttreatment examination date. P-value was calculated using two-sample paired t-test* or Wilcoxon signed rank test®. Due to aggregates an
available value of thrombocytes was eliminated from analysis. *P<0.05

Clinicopathological parameters

Hematology
Hematocrit
(n=16)
Leukocytes
(n=15)
Thrombocytes
(n=14)
Biochemistry
Total protein
(n=21)
Albumin
(n=17)
Globulin spectrum
(n=15)
A/G-ratio
(n=16)
Gamma globulin
(n=6)

Urea

(n=17)
Creatinine
(n=19)

ALP

(n=14)

ALT

(n=13)

Merged reference range

39.2-56.9
(%)

5.3-15.2
(x10°/L)
161.2-489.6
(x10°/L)

52.6-76.4
(G/L)
24.8-41.2
(G/L)
24.2-45.9
(G/L)

NA

3.3-9.2
(G/L)
2.7-9.9
(mmol/L)
31.4-134.7
(umol/L)
12.0-170.8
(U/L)
4.5-114.7
(U/L)

Median £ IQR TO

33.6+10.9

7.9+238

138.5+ 66

81+15

25+9.7

57+18.1

0.44 +0.35

36.7+53.8

6.6+6.6

81+46.9

43.5+53

25+10

Median £ IQR T1

41.1+£5.7

8.2+24

253 +119

68 £ 15

29+11.7

435+18

0.58 +0.40

20.8+15.8

6.9+3.3

84+21.4

34 +55

33+24

P-value

0.005 2 *

0.53°

0.002 2 *

0.002 "% *

0.002 2 *

0.009* *

0.0002 ® *

0.059°

0.33°

0.54°

0.75°

0.21°
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Discussion

A good clinical improvement of dogs with canine Leishmaniasis was shown in six clinical trials, which
evaluated the therapeutic efficacy of miltefosine alone or in combination with allopurinol 6 2> 26 34 35
3, This study also demonstrates improvement of clinical signs when treated. Administration of
allopurinol, in combination with a first cycle of miltefosine, was very common (21/25). An in vivo
study by Farca et al. (2012) ¥’ reported efficacy of miltefosine alone or in combination with
allopurinol, however a combination therapy was significantly more efficacious than administration of
miltefosine alone. Similar results were described in a clinical trial by Dias et al. (2020) 3. Even
though, dosages and administered duration of allopurinol were variable in this study, falsely better
therapy efficacy results may be expected compared to the efficacy of miltefosine treatment alone.

The clinical signs lymphadenomegaly and scaling skin improved significantly after receiving a
first miltefosine therapy cycle, while the p-value of four other clinical signs was almost significant. If
the sample size of this study increases, a significance could possibly be calculated for these
parameters as well 32 4°,

The method of measuring clinical improvement was similarly approached in various studies,
however the clinical grading system was different. In comparison to the study of Manna et al. (2009)
% and Nogueira et al. (2019) %, clinical signs were graded by absent or present, because severity
classified as absent, mild, moderate, and severe, was not reported in this study. Instead of
measuring clinical improvement as the total clinical score, it was chosen to statistically analyze
therapy efficacy for each clinical sign separately and therewith frequencies of present clinical signs
before and after treatment were displayed. In addition, individual information on clinical signs
returning to normal values at posttreatment examination date was visualized. Equally to table 1, the
clinical signs lethargy, anorexia, lymphadenomegaly, and three cutaneous signs, were seen most
often (>32% of dogs) and were described in the literature as well *.

Not entirely unexpected, some dogs in this study showed deterioration of clinical signs or no
clinical symptom improvement after treatment. Contributing factors could be 1) failure of therapy,
2) expectation of course of the disease, 3) consultation after therapy was performed by another
veterinarian which resulted in inconsistent judgement of the disease progression, 4) failure of the
clinical grading system, 5) incomplete physical examination or documentation before and/or after
therapy or 6) posttreatment examination date was too short after commencement of miltefosine
treatment to improve a specific clinical symptom. Similar findings on failure to achieve complete
clinical cure were reported by prospective studies 16 2> 26 34 3536 55 well.

Besides assessment of clinical signs, clinicopathological parameters were also evaluated. These
parameters increase the objectivity of the study; hence these results are more independent and
valuable. The hematological parameters hematocrit and thrombocytes, and the biochemical
parameters total protein, globulins, albumin, and A/G-ratio improved significantly after treatment.
Unfortunately, only the study by Woerly et al. (2009) % and Mird et al. (2009) ** performed statistical
analysis on similar clinicopathological parameters before and after treatment, but luckily reported
the same results.

Despite the possibility of a type | error (rejecting the null hypothesis that is true) occurring due
to the small study sample size and the calculation of a six-fold greater total study sample size by a

16 25 26 34 35 36 and

priori analysis test 4° 41 42, the results in this study are similar to available literature
suggests a real miltefosine therapy effect.

Unfortunately, only the efficacy of a first miltefosine therapy cycle was analyzed because of
insufficient number of dogs receiving a second cycle of miltefosine and the variability of time
between examination date before and after treatment. However, it would have been interesting to

evaluate and compare the efficacy of a second miltefosine therapy cycle (due to relapse without re-
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infection) to dogs receiving only one miltefosine treatment. Manna et al. (2009) *° described a
significant reduction of parasite load in lymph nodes one month after the first and the second
miltefosine (in combination with allopurinol) therapy cycle compared to before therapy. Also,
Woerly et al. (2009) 2° reported that 92.6% of dogs with recurrent diseases were considered to have
been treated with an equal or higher efficacy compared to 77.7% in the fist-time canine
Leishmaniasis group. Therefore, it would be useful to implement and evaluate the efficacy of
repeated miltefosine therapy cycles in future research. In addition, more insight into the short- and
long-term efficacy of miltefosine and the occurrence of relapses, can be gained if different
posttreatment periods of one, three, six, nine and 12 months, are evaluated and compared. Also, the
outcome can be used to make an optimal canine Leishmaniasis monitoring protocol. At the moment,
checkups for clinically diseased dogs are recommended after the first month of treatment and every
two to four months during the first year 243 44,

Besides efficacy of therapy, side effects were evaluated in this study. The gastro-intestinal signs
as side effects in this study are comparable to other studies. This also applies to the incidence of side
effects (approximately 28% of dogs) ° %6, Besides the similarities with other studies, the value and
reliability of this study parameter should be critically looked at because an under- or
overrepresentation could have occurred. Examples are the absence of documentation of side effects
if owner did not contact the veterinarian or unjustified reported as a miltefosine side effect, but in
fact caused by the ongoing progress of canine Leishmaniasis itself or other simultaneous events
happening.

In this study, it was chosen to represent two Kaplan-Meier survival probability curves in
contemplation of providing information to a larger target group. At diagnosis, owners are interested
to know the consequences of canine Leishmaniasis on the lifetime of their animal. With the available
study data, survival of treated diseased dogs at three-years from diagnosis was 78%. After diagnosis,
more than 50% of dogs received allopurinol alone as the first antileishmanial treatment, miltefosine
was prescribed [median £ IQR] 90 + 405.5 days after commencement of allopurinol and possibly
prescribed to more severe diseased dogs, which suggests the survival time from commencement of
first miltefosine treatment to be shorter. Therefore, it would be useful to provide information on
survival time from commencement of miltefosine therapy. Figure 3 illustrates the expected outcome
(survival probability of 78% and 71%, three-years from diagnosis and commencement of the first
miltefosine therapy cycle, respectively).

It was chosen to censor dogs treated with meglumine antimoniate because only the influence
of miltefosine and allopurinol on the survival time was thereby considered, in some cases
insufficient information on dosage and duration of meglumine antimoniate was provided and
possibly the data may be used for future research comparing different treatments. However, if dogs
treated with meglumine antimoniate were not censored, the survival probability, three-years from
diagnosis and commencement of first miltefosine treatment does not change much (80% and 74%,
respectively). Possibly, the use of benazepril (n=5) may positively influence the survival time because
it was described to significantly reduce proteinuria in dogs with chronic kidney disease .

To the author’s knowledge only one research on the survival and prognostic factors of dogs
treated with miltefosine in combination with allopurinol, was conducted. Remarkably, the study by
Pereira et al. (2020) % reported a median survival time from diagnosis of only 514.5 days for the
treatment of miltefosine and allopurinol (n=50). This difference can possibly be explained by the
fewer number of repeated miltefosine treatments per dog, shorter duration and dosage of
allopurinol treatment, selection of dogs evidencing more clinical signs and altered laboratory values
and considering only events for the survival analysis which may result in bias and loss in sample size
47 Luckily, a beneficial outcome on the survival of treated dogs with canine Leishmaniasis was
described by many studies %6 4 4% 50, The presence of proteinuria, hypoalbuminemia, renal azotemia,
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lymphopenia, was significantly correlated with the survival time and therefore may be useful
prognostic parameters % 051, |n follow-up research, Cox proportional hazards regression analysis
should be performed to investigate the effect of previously described prognostic values upon the
time of death by canine Leishmaniasis. In addition, like the study by Pereira et al. (2020) *, it would
be useful to study the long-term efficacy of different treatment protocols for dogs with canine
Leishmaniasis and therewith compare survival and prognostic factors.

By assessing survival, the efficacy of miltefosine therapy and side effects, the use of miltefosine
in Dutch veterinary first-line practice was evaluated. Remarkably, there was a lot of variation in
posttreatment examination date (physical examination and laboratory work) and choice of
clinicopathological parameters to be tested. It ranged from immediately after therapy to 951 days
and from only hematology bloodwork to the recommended combination of hematology,
biochemistry with protein electrophoresis and urinalysis. Unfortunately, UPC-values were not useful
in this study because of incomplete performed urinalysis. Inflammatory conditions in the urinary
tract increases protein and therefore urine sediment must be analyzed to interpret an UPC-value *2,

Because of the challenging canine Leishmaniasis management, it is understandable that Dutch
first-line veterinarians seems to have difficulty treating and monitoring their patients. However, it is
quite concerning because of 1) available resources such as the guidelines formulated by the UKG,
the LeishVet Group and Canine Leishmaniasis Working Group, 2) the complexity of the disease, 3)
the possible resistance of the parasite to miltefosine (published in human medicine), 4) the limited
referrals to specialists, 5) the increasing numbers of canine Leishmaniasis in the Netherlands due to
increased number of imported dogs and 6) the climate change which may cause the sandfly to move
to northern non-endemic areas 2 1> 43 33 5455 56 Therefore, it may be helpful to investigate the need of
first-line veterinarians in the Netherlands through a questionnaire in future research.

Two types of biases should be taken into consideration for this retrospective study *’. Patient
files were only shared after receiving a written informed consent when the veterinarian agreed to
contact the owner. Some veterinarians were not enthusiastic for research participation or were not
comfortable contacting the owner if the patient had moved to another city or veterinary clinic, or if
the patient died. Unfortunately, this contributes to selection bias. Also, information bias could have
occurred. Students could have interpreted patient files differently or left out important information
and therefore it is not recommended to view patient files individually. However, patient files were
systematically evaluated, documented in a standardized template, and discussed with the
supervisor, which suggests this bias to be negligible. The contribution of veterinarians on
information bias was expected to be greater. For the evaluation of patient files, it is assumed that at
every visit a complete physical examination was performed, and that documentation was complete.
However, underrepresentation of clinical signs could have occurred due to lack of documentation or
incompleteness of anamnesis and physical examination. Also, if more than one veterinary clinic was
consulted at the same time, patient information was possibly missing.

In the following paragraphs, for this retrospective study some unavoidable but possibly
contributing factors are discussed. The use of various drugs such as locally applied corticosteroids,
maropitant, metoclopramide, omeprazole, cimetidine, meloxicam, amoxicillin/clavulanic acid,
ephedrine, and triamcinolone ear ointment, before, during or after the first miltefosine treatment
period, was inevitable and mostly necessary for symptom control. It does decrease the interval
validity of the study; however, it is not expected to modulate the immune status of the dog, change
the course of the disease, or interfere with miltefosine.

Twenty-five out of 53 dogs were not tested for concurrent other CVBD at all, while the other
dogs were tested for at least one CVBD. Possibly, co-infection with another CVBD played a role in the
clinical picture of included dogs. To increase the internal validity of the study and to exclude
concurrent other CVBD, it is preferred that negative testing of the five CBVD mentioned above is an
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inclusion criterion. However, this was not feasible in the study and low contribution of bias was
expected.

Unfortunately, four different laboratories (IDEXX VML, UVDL, Laboklin and AML) were used to
analyze clinicopathological parameters. Blood results from different laboratories were quite similar
but not completely the same because of variable equipment and reference ranges used in the
laboratory. Luckily, in this study clinicopathological parameter units were the same at each
laboratory and reference range values were not widely distributed. Therefore, a merged reference
range (average lower and upper reference value) was calculated and used to interpretate grouped
blood results (table 3). Categorizing values of clinicopathological parameters based on severity
(classified as no deviation, mild, moderate, and severe) was another option for resolving the
inequality of blood results. However, by doing so, continuous data would be transferred to
categorical data, which results in loss of essential information 8. Hence, this statistical approach was
not preferred nor used.

Conclusion

This study provided an accurate overview of the use of miltefosine in Dutch veterinary first-line
practice. Valuable and promising results on the outcome of treatment with a first cycle of
miltefosine were presented. The clinical signs lymphadenomegaly and scaling skin, and the
laboratory parameters hematocrit, thrombocytes, total protein, globulins, albumin, and A/G-ratio
improved significantly after treatment. A survival probability of 78% and 71%, three-years from
diagnosis and commencement of the first miltefosine therapy cycle, respectively, was shown in two
Kaplan-Meier survival probability curves. Future research suggestions may contribute to
improvement of the challenging canine Leishmaniasis management.
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