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Aim 1: Abstract

Objective: To determine the (sero)prevalence of Canine Leishmania, Ehrlichia and Dirofilaria immitis,
non-endemic vector borne diseases, in dogs imported from endemic areas to the Netherlands.

Study Design: This is a prospective study.

Animal: Dogs.

Methods: Seven dogs imported from Mediterranean endemic areas by several animal welfare
organisations were clinically examined within six weeks after import. Blood samples were taken to
determine the prevalence of Canine Leishmaniasis, Ehrlichiosis and Dirofilariasis. DAT titres for CanL
antibodies and Knott’s tests were performed, blood samples for Ehrlichiosis were stored for tests in
the future.

Results: Of the seven dogs, only one dog had a positive DAT titre (1:5120). The prevalence at this point
of the study was determined and set on 14,3%. Also, one of the seven dogs was tested positive on
heartworm antigen, giving a prevalence of 14,3% as well.

Conclusion: The prevalence of both Canine Leishmania and Dirofilaria immitis in the Netherlands in
this point of the study was set on 14,3%.

Key words: Dog, Canine, Leishmaniasis, Leishmania infantum, seroprevalence, DAT antibody titre,
Dirofilaria immitis, Ehrlichiosis, vector borne disease.

Abbreviations: Canine Leishmaniasis (CanlL); Leishmania infantum (L. infantum); immunofluorescence
antibodies test (IFAT); direct agglutination test (DAT); enzyme linked immunosorbent assay (ELISA);
Utrecht University Clinic of Companion Animals (UUCCA); Stray Animal Foundation Platform (SAFP);
capillary refill time (CRT); haematocrit (Ht); content of hemoglobin in reticulocytes (CHr);
ethylenediaminetetraacetic acid (EDTA); University Veterinary Diagnostic Laboratory (UVDL).



Aim 2: Abstract

Objective: To determine the relation between the level of the DAT antibody titre and several different
staging systems used to classify a patient based on severity of clinical signs and haematological and
biochemical results of Canine Leishmaniasis.

Study Design: This is a retrospective study.

Animal: Dogs.

Methods: Positive and negative titres (n = 109) as well as height of the DAT titre (n = 39) were
compared to clinical signs and haematological and biochemical parameters. All dogs were born or had
travelled to endemic areas and had clinical signs suggesting infection with CanL and were clinically
examined and blood samples were taken. Also, all of these dogs had a DAT titre performed.
Retrospectively, all dogs were assigned to fitting stages in five different clinical staging systems,
according to severity of clinical signs, and haematological and biochemical alterations.

Results: For the first part of the aim, most common alterations in dogs with a negative DAT titre (n =
26) were decreased endurance (61,5%), lymphadenopathy (57,5%) and anaemia (69,2%). In dogs with
a positive titre (n = 83), most common clinical signs were lymphadenopathy (66,3%), decreased
endurance (61,4%), alopecia (43,4%) and hypergammaglobulinemia (73,5%). For the second part of
the aim, of the 39 dogs 15 dogs had a positive DAT titre (>1:40). Most common clinical signs and
haematological and biochemical alterations found in dogs with a positive DAT titre were
lymphadenopathy (66,3%), hypergammaglobulinemia (73,5%) and anaemia (67,5%). This study shows
that in all used clinical staging systems no correlations were found between the height of the DAT titre
and clinical signs, except for the system of CLWG (1). Besides, height of the DAT titre was not related
to any of the haematological or biochemical parameters used in this study.

Conclusion: The DAT titre is not significantly related to clinical signs, haematological and biochemical
parameters used in this study. However, a positive correlation was found between DAT titre and
severity of clinical signs according to the staging system of CLWG.

Key words: Dog, Canine, Leishmaniasis, Leishmania infantum, DAT antibody titre, clinical staging
system.

Abbreviations: Canine Leishmaniasis (CanlL); Leishmania infantum (L. infantum); immunofluorescence
antibodies test (IFAT); direct agglutination test (DAT); enzyme linked immunosorbent assay (ELISA);
polymerase chain reaction (PCR); University Veterinary Diagnostic Laboratory (UVDL); Utrecht
University Clinic of Companion Animals (UUCCA); capillary refill time (CRT); haematocrit (Ht); urea-
protein-creatinine ratio (UPC ratio); Canine Leishmaniosis Working Group (CLWG);
ethylenediaminetetraacetic acid (EDTA).



Introduction

Leishmaniasis, Ehrlichiosis and Dirofilariasis are all vector-borne diseases endemic in mostly Southern
European countries. Despite the fact that over the years the number of imported dogs and dogs
traveling from those endemic countries to non-endemic countries increases, little is known about the
prevalence of these diseases in the Netherlands (2)(3)(4). Radstake et al. (2017) reported that 12608
dogs were imported to the Netherlands in 2016, meaning that there is a lot of demand these dogs (4).
The main focus of this study was Canine Leishmaniasis (Canl).

Canl, caused by Leishmania infantum (L. infantum) is a zoonotic vector-borne disease. It was first
described in dogs in 1908 and is endemic in more than 70 countries, including regions of southern
Europe, Africa, Asia and South and Central America (5). CanL is transmitted by the sand fly of the genus
Phlebotomus in its flagellated infective promastigote form to a mammal. In the mammal, the
intracellular amastigote form develops and replicates (6). Infection in cats, wild canids and horses has
been reported in these endemic areas as well. However, dogs are considered the main reservoir of L.
infantum (7). Due to socioeconomic and climate factor changes, the distribution of L. infantum has
spread more northward in Europe (6). Several reports of CanL in non-endemic countries such as
Germany, the United States, Denmark and Austria have been published. Despite those reports, the
prevalence in all these countries is unknown, but it is important to veterinarians and potential dog
owners, since infected dogs may contribute to the maintenance of the parasite within the canine
population and the fact that it is spreading to the North of Europe, where it could occur in a new non-
endemic area (7)(8).

CanL is a systemic disease that may cause damage to any organ, tissue or body fluid (6). Clinical
presentations in infected dogs can manifest as subclinical infection, self-limiting illness or life-
threatening disease (7). Most dogs develop the cutaneous signs, causing skin lesions and alopecia
generalized or localized over the face, ears and limbs (7). Other clinical signs of CanL are non-specific,
such as generalized lymphadenopathy, loss of body weight, change in appetite and decreased
endurance (6). These clinical signs can develop as early as after 2 months after infection, but within 7
years (9). The clinical spectrum is broad and the clinicopathological alterations based on blood analysis,
biochemical profile and urinalysis are multiple and non-specific (6). The variety of clinical signs is due
to the complexity of the disease, affecting different organs, and the diversity of immune responses of
the individual hosts (5). The role of the protective immunity and disease susceptibility is highly
important. The protective immunity would consist of CD4 T-cell mediated by y-interferon, interleukine-
2 and tumor necrosis factor a-release. These factors induce activation of macrophage anti-Leishmania.
The macrophages produce nitric oxide which mediates intracellular killing of Leishmania amastigotes
by apoptotic cell death (7)(10). The susceptibility is associated with the production of a marked
humoral non-protective immune response and a reduced or depressed cell mediated immunity with a
mixed Th1 and Th2 cytokines response (7).

Since not all infected dogs show clinical signs, diagnosis of the disease is important, yet complex, due
to the various clinical presentations and individual immune responses. The most commonly used
techniques for the detection of CanlL are quantitative serological techniques such as an
immunofluorescence antibody test (IFAT), an enzyme-linked immunosorbent assay (ELISA), or a direct
agglutination test (DAT) for the detection of specific serum antibodies (11). High levels of antibodies
confirm infection with CanL in dogs with clinical signs and/or clinicopathological alterations compatible
with CanL (12). However, a low level of antibodies does not exclude CanlL infection (7). Further work-
up is necessary by other methods such as cytology, histopathology or polymerase chain reaction (PCR)
(13). According to the LeishVet guidelines for practical management of Canl, diagnostic approach for
sick or healthy dogs living in non-endemic areas that have travelled to endemic areas should include
guantitative serology three months after the beginning of exposure (6).



Seroconversion is important when testing dogs for infection with CanL. Some dogs can remain
seronegative long after being infected with CanL (14). Due to the long incubation period, sick dogs are
more likely to be tested seropositive (15). Seroconversion could be used to investigate the best
moment to test dogs traveling from endemic areas to non-endemic areas.

Several clinical classification systems of Leishmaniasis in dogs have been described and are used for
monitoring the course of the disease, treatment and prognosis. Patients are staged in a certain
moment in time, which can change as the disease progresses or improves (16). The classical clinical
staging system by Mancianti et al. (1988) is based only on the physical exam, consisting of
asymptomatic, oligosymptomatic and polysymptomatic, but this system does not consider
clinicopathological abnormalities and disregards subclinical infected dogs (16)(17). Meléndez-Lazo et
al. (2018) compared five of these clinical staging systems, including Mancianti’s system. They stated
that the criteria for these systems should be simple and clinical, with the use of uncomplicated
diagnostic methods. Besides that, they stated that parameters reflecting renal damage are important
as well, because they have an impact on the prognosis of dogs with CanL (16).

Torres et al. (2011) stated that the antibody titre remains high for years, long after clinical signs abate
(18). Although different studies show a correlation between the number of antibodies and clinical
signs, not all authors agree on the usefulness of antibody titres as a mean of assessing the activity of
the Leishmania infection at the time of diagnosis, during treatment, or flare-ups of the disease (19)(20).
For example, Solano-Gallego et al. (2016) show a significant correlation between reduction of
antibodies and clinical improvement using an in-house diagnostic ELISA (11) and Rodriguez et al. (2006)
found that there was an association between slow, progressive reduction in ELISA antibody titre and a
good clinical response to therapy (21). In contrast to these authors, Mateo et al. (2009) did not find a
significant correlation between serological titres by IFAT results and clinical signs (22). A recent pilot
(unpublished data) suggested that some of blood samples may have a DAT titre above 1:5120. The DAT
can be executed in higher dilutions in positive samples (1:5120). To establish the maximum reaction
titre, samples can be executed in serially dilution ranging from 1:40, up to 1:81920. These higher titres
could be related to clinical, haematological and biochemical alterations.

The first aim of this study concerns the fact that despite the consequences of CanL on the quality of
life of dogs, little is known about the prevalence in the Netherlands. Therefore, the aim was to
investigate the prevalence of CanlL, Ehrlichiosis and Dirofilariasis, non-endemic vector borne diseases,
in dogs imported from endemic areas to the Netherlands. Since this was a prospective cohort study to
which several students will contribute over time, seroprevalences of these diseases will be determined
in the future, when concluding the study.

The second aim was to determine the relation between the level of the DAT antibody titre and several
different staging systems used to classify a patient, based on severity of clinical signs and
haematological and biochemical results of CanL.



Aim 1

Materials and Methods

The first aim of this study was to determine the prevalence of Canine Leishmaniasis, Ehrlichiosis and
Dirofilariasis, non-endemic vector borne diseases, in dogs imported from endemic areas to the
Netherlands.

Material

This was a prospective cohort study to which several students will contribute over time. The cohort
was selected from dogs imported from Mediterranean endemic areas by several animal welfare
organisations. These dogs were examined within six weeks after import and will be examined again in
nine months to one year for clinical or laboratory evidence of these diseases.

Animals and inclusion and exclusion criteria
The inclusion criteria were:

A) Dogs must be at least six to seven months of age;

B) Dogs must be born in an endemic area;

C) Dogs must not yet have resided in the Netherlands for longer than six weeks;

D) The owner of the dog must agree to return to the Utrecht University Clinic of Companion
Animals (UUCCA) after nine months for a second examination for determination of the
seroprevalence.

The exclusion criteria were:

A) Dogs under the age of six months;

B) Dogs over the age of six months, who have resided in the Netherlands for longer than six
weeks;

C) Dogs born in other area’s then which are known endemic;

D) Dogs who only visited the UUCCA once, which makes it impossible to determine
seroprevalence.

Ethical approval

The protocol has been discussed with the Utrecht Animal Welfare Body. Since the examinations and
testing are part of regular veterinary care, the dogs are considered to be patients and not regarded as
laboratory animals. Informed consent was collected from all owners (attachment 1).

Methods

The Stray Animal Foundation Platform (SAFP) collaborated to this study in selecting a list of 66 animal
welfare organisations that import dogs from endemic areas to the Netherlands. These organisations
were all contacted by e-mail and telephone in December 2018 to February 2019 and were asked to
collaborate in this study. The organisations provided dogs that met the inclusion criteria and their new
potential owners to collaborate on this study. Potential owners were informed by a letter and an
informative brochure (attachment 2 and 3).

Physical exam and blood examination

Dogs will be examined twice; the first time was in the first six weeks of residence in the Netherlands.
The second time will be nine months to a year later (by other students). The examinations consisted
of a complete signalment, history, physical exam, dermatologic examination and laboratory testing.
The exams were performed by last year veterinary students under supervision of a veterinary specialist
in internal medicine. When indicated as such by abnormalities in the history or the physical exam, a



complete cardiac, ophthalmologic or orthopaedic examination was performed by a veterinary
specialist.
The following data was sampled:

- Signalment: sex, breed, age, weight, chip number;

- Results of anamnesis: environmental history, time resided in the Netherlands, results of earlier
laboratory tests, clinical signs or abnormalities (according to the owner);

- Results of physical examination: respiratory rate and character; heart/pulse rate; rectal
temperature; coat and skin; colour, capillary refill time (CRT) and aspect of mucosal
membranes; and palpation of lymph nodes;

- Results of dermatological examination: morphology, configuration, skin colour, smell, turgor,
elasticity, sensibility, coat and nails;

- Laboratory results: DAT antibody titre, ehrlichia titre, dirofilarial antigen, Knott’s test,
haematocrit (Ht), reticulocytes, reticulocytes absolute, content of hemoglobin in reticulocytes
(CHr), leukocytes, lymphocytes, monocytes, blastocysts, metamyelocytes, band cells,
neutrophils, eosinophils, basophils, normoblasts and thrombocytes.

Laboratory data collection

Blood samples of 10 mL were collected from the jugular vein. The amount was divided into three tubes
of 1 mL containing ethylenediaminetetraacetic acid (EDTA) and three Z Serum Sep Clot Activator tubes
for 2,5 mL. The ADVIA 120 and ADVIA 2120i haematology systems were used to analyse the blood
samples. Both systems were run with veterinary software.

The antibody titre for Leishmania was measured by the DAT method according to the
recommendations by El Harith et al. (1989) (23). Blood sample analysis and determination of the
Leishmania DAT titre was performed by haematological veterinary analysts at the University Veterinary
Diagnostic Laboratory (UVDL), as well as analysis for antigens of adult heartworms using the
FASTest®HW Antigen kit.

A Knott’s test was performed on all blood samples within 24 hours after collecting the sample, as well
as haematological analysis and a DAT antibody titre (attachment 5). The Knott’s test was performed
by last year veterinary students. To perform the Knott’s test 1 mL of the EDTA sample was mixed with
9 mL formaldehyde (2%). This was spun down in a centrifuge for five minutes (1250 routes per minute)
at 21°C. Then the sample was reduced until 1 mL was left. A single drop was put on a microscope slide.
The remainder of the sample was mixed with several drops of methylene blue and one drop of that
mixture was put on another microscope slide. Both samples were put under a microscope (10x and
40x magnification) to determine if Dirofilaria immitis larvae were visible. All blood samples were stored
to test for serology for ehrlichiosis in the future.

Statistical analysis

All statistical analyses were performed using commercial statistical software (R studio, Version 1.1.463
— © 2009-2018 RStudio, Inc.). From the number of imported dogs (n=11300, 2015) a sample size of
241 dogs was calculated to be sufficient to detect a prevalence of 20% with a 95% confidence interval
of 15-25%, using an online available calculator (24).



Results

Descriptive analysis

Seven dogs met the inclusion criteria. Of these seven dogs, three were male (all neutered) and four
were female (all spayed). The mean age was 2,9 years (range 0,7 to 4,9 years old). Breed distribution
was one Spanish Bullmastiff and six crossbreeds. Three dogs were born in Spain, two dogs were born
in Portugal and two dogs were born in Greece. Six dogs were tested for vector borne diseases earlier
in the country of birth, using different methods (table 1). One dog was already tested positive for IgG
against CanlL and one dog was tested positive on Ehrlichiosis and Dirofilariosis.

Table 1 Results of the dogs tested in country of birth (n = 7). ND: not determined, NA: not available, *: no further
information was available on which test was used.

Dog N° Sex Disease Test Outcome
1 Female ND ND ND
2 Female Leishmaniosis IgG* Positive
3 Female Leishmaniosis NA Negative
Ehrlichiosis NA Positive
Dirofilariosis NA Positive
4 Female Leishmaniosis ELISA (antigen) Negative
Ehrlichiosis ELISA (antibodies) Negative
Dirofilariosis ELISA (antibodies) Negative
5 Male Leishmaniosis ELISA (antigen) Negative
Ehrlichiosis ELISA (antibodies) Negative
Dirofilariosis ELISA (antibodies) Negative
6 Male Leishmaniosis 1gG Negative
7 Male Leishmaniosis NA Negative
Ehrlichiosis NA Negative

Results in anamnesis

From the questions asked in the anamnesis, the following results were found; two dogs had signs of
polyuria and/or polydipsia. One dog had a slight decrease in endurance. One dog was tested positive
for antibodies against Leishmania prior to importation to the Netherlands and received treatment in
form of allopurinol and glucantime. The other three dogs did not have any signs according to the
owner.

Results in physical examination

No mayor abnormalities were found during the physical examination in respiration rate, heart rate,
temperature, coat, skin and mucosal membranes. Two dogs had enlarged left and right popliteus
lymph nodes. One dog had a firmer left popliteus lymph node in comparison to the right one. Three
dogs had palpable axillaries accessories lymph nodes on left and right side.



Results in dermatologic examination
The following results listed in table 2 were found for the individual dogs during dermatologic
examination.

Table 2 Results of dermatologic examination in individual dogs (n = 7).

Dog N° Description

1 Little bold spot on left elbow, scar on nose

2 Hypotrichosis on lips, nose and eyes, crustae on left and right front leg, little bold spot on right
hindleg and left heel with exfoliation, squamae on the back, erythema around eyes, on ears and on
right front leg, callus on both front legs

3 Scar with exfoliation and hyperkeratosis on right ear, mild exfoliation on the back, nails in the front
are a bit long

4 Crustae on left pinnae, erythema and hypotrichosis of the interdigital skin on the right front paw,
lichenification of the left and right heel, mild exfoliation on the back

5 Exfoliation on both ears, erythema and hypotrichosis of the interdigital skin on the right front paw,

erythema of the interdigital skin on the left front paw, little bold spot and hyperkeratosis on left heel,
mild exfoliation on the back

6 Scar on nose, mild exfoliation and hyperkeratosis on left pinnae, erythema and discoloured hairs of
the interdigital skin on both front paws and right hind paw, discoloured hairs of the interdigital skin
on left hind paw, mild exfoliation on left heel and on the back

7 Discoloured hairs under all four paws

Results in blood

The following results listed in table 3 were found in the blood of the individual dogs. One dog had
leukocytes and neutrophils above laboratory references, one dog had lymphocytes above laboratory
references and one dog had eosinophils above laboratory references and a Ht below laboratory
references.

Table 3 Results in haematological parameters determined at the UVDL (n = 7).

Dog Ht Reticulocytes  Reticulocytes  CHr Leukocytes  Lymphocytes Monocytes  Blastocytes
N° (L/L) (<1,5%) (absolute) (fmol) (x1079/L) (x1079/L) (x1079/L) (x1079/L)
(0,41-0,61) (x1079/L) (1,43-1,71) (4,5-14,6) (0,8-4,7) (0,0-0,9) (<0,0)
(5,2-126,5)
1 0,56 NA NA NA 11,1 54 0,5 0
0 0,41 1 60,2 1,53 14,8 2,5 0,7 0
3 0,47 0,9 60 1,62 9,9 2,0 0,3 0
4 0,52 0,1 9,8 1,62 53 1,8 0,3 0
5 0,52 0,2 18 1,64 10,3 2,5 0,5 0
6 0,44 0,3 19,8 1,62 9,6 2,6 0,5 0
7 0,38 0,8 48,7 1,51 11,4 2,6 0,3 0
Dog Metamyelo- Band cells Neutrophils Eosinophils Basophils Normoblasts = Thrombocytes
Ne cytes (x1079/L) (x1079/L) (x1079/L) (x1079/L) (/100 (x1079/L)
(x1079/L) (0,0-0,3) (2,9-11,0) (0,0-1,6) (0,0-0,1) leukocytes) (144-603)
(<0,0)
1 0 0 4,9 0,3 0 0 350
2 0 0 11,3 0,2 0,1 0 189
3 0 0 7 0,5 0 0 253
4 0 0 2,9 0,4 0 0 146
5 0 0 71 0,1 0 0 158
6 0 0 54 1,1 0 0 187
7 0 0 6,4 2,2 0 0 416
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All dogs were tested at the UVDL for CanlL antibodies, Dirofilaria immitis larvae and antigens of adult
worms. In one dog, an ehrlichia titre was performed after examination, since this was indicated due
to the clinical signs reported prior to the participation of this study. All results are listed in table 4.

Table 4 Results of the dogs tested at the UVDL (n = 7). NA: not available.

Dog N° Disease Test Outcome
1 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen NA
Ehrlichiosis IFAT titre >1:80
2 Leishmaniosis DAT titre 1:5120
Dirofilariosis Knott Negative
Antigen NA
3 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen Positive
4 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen Negative
5 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen Negative
6 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen Negative
7 Leishmaniosis DAT titre <1:40
Dirofilariosis Knott Negative
Antigen Negative

One of the seven dogs had a positive DAT titre (1:5120). From this cohort (n=7) a prevalence for CanL
was calculated of 14,3% (1/7). Considering Dirofilariasis, only one dog had antibodies against Dirofilaria
immitis adults. The prevalence for Dirofilariasis was calculated of 14,3% as well. The prevalence of
Ehrlichiosis will be calculated in the future, since all serology samples are stored.
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Discussion

The aim of this study was to determine the prevalence of Canine Leishmaniasis, Ehrlichiosis and
Dirofilariosis, non-endemic vector borne diseases, in dogs imported from endemic areas to the
Netherlands. At this point of the study, a prevalence of 14,3% was found for CanL as well as for
Dirofilariosis.

Important to keep in mind, is that most of these dogs were selected by animal welfare
organisations. All of these organisations have different methods for adopting dogs from the endemic
areas. Most of them have a selection procedure for the dogs, which includes testing for several
diseases in the country of birth before being placed in a shelter for adoption. Due to this, a selective
bias occurred in the cohort.

No major abnormalities where found during physical examination, aside from some dogs with

enlarged lymph nodes, which are common abnormalities for dogs with CanlL infection (6). According
to the results from the dermatologic exam, only one dog had several fitting skin lesions for a CanL
infection (6). This dog had already tested positive before visiting the UUCCA and had received
treatment.
The blood results showed that one dog had leukocytes and neutrophils above laboratory references,
one dog had lymphocytes above laboratory references and one dog had eosinophils above laboratory
references and a Ht below laboratory references. The dog with slightly higher leukocytes and
neutrophils had a positive CanL titre and had already received treatment. Possible alterations found in
haematological parameters in dogs with CanL could be leukocytosis and neutrophilia (25). These
findings are common in dogs infected with CanL, and therefore could be fitting for this dog.

In this study, the prevalence of CanlL, at the period of time the DAT titre was performed, was
determined and set at 14,3%. Little is known about the (sero)prevalence of CanL in other non-endemic
countries, which makes it hard to compare the result in this study with results found in other studies.
Schafer et al. (2019) did a retrospectively study on vector-borne diseases in dogs imported from
Mediterranean regions and Southeastern Europe. Most dogs presented at their clinic had clinical signs.
Even though their inclusion criteria were slightly different than the criteria used in this study, they
found 6 out of 50 dogs that resides in Germany for 0 to 2 months, tested positive for L. infantum (26).
This is results in an occurrence of 12%. However, the cohort in this study was too small (n = 7) to be
representative for the population imported dogs from Southern European countries (n = 12608, in
2016 (4)) to the Netherlands. Besides, the fact that only one dog had a positive DAT titre does not
mean that the other six dogs could not have been infected with CanL as well, due to the high
prevalence of subclinical infections (6).

The (sero)prevalence of Dirofilaria immitis is also unknown. In Southern European countries
where the disease is endemic, prevalences are found in high percentages, depending on the region of
the country with the highest prevalence found in Italy (50-80%)(27). Schéfer et al. (2019) found 1 out
of 50 dogs that resides in Germany for 0 to 2 months tested positive for Dirofilaria spp, a percentage
of 2% (26), which is lower than the 14,3% found in this study.

Since this was a prospective cohort study to which several students will contribute over time,
a more specific number of these (sero)prevalences will be determined in the future, when concluding
the study.
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Conclusion

The prevalence of both Canine Leishmaniasis and Dirofilariasis in the Netherlands in this point of the
study was set on 14,3%. Since this was a prospective cohort study to which several students will
contribute over time, a more specific number of these (sero)prevalences will be determined in the
future, when concluding that study.
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Aim 2

Materials and Methods
The second aim of this study was to determine the relation between the level of the DAT antibody titre
and several different staging systems used to classify a patient based on severity of clinical signs and
blood results of Canine Leishmaniasis.
To answer this question, two sub questions were made:
1. Is there a difference between clinical, haematological and biochemical manifestations found
in dogs with positive (>1:40) and negative (<1:40) titre?
2. Is the height of the DAT antibody titre related to clinical, haematological and biochemical
manifestations according to clinical staging systems?

Material

Animals and inclusion and exclusion criteria
The following inclusion criteria were used:

A) Dogs must be born in or have travelled to endemic areas;

B) Presence of clinical signs that warrant a differential diagnosis of CanL;

C) Dogs must have a leishmania DAT titre performed at the UVDL;

D) For the purpose of this study, a diagnosis of Leishmaniasis was defined as clinical signs of
Leishmaniasis, in combination with either a positive titre or the confirmation of amastigotes
in tissue samples;

E) Dogs must have a complete medical file, including history and the results of physical
examination at the time point that the DAT is performed. The medical record must be detailed
enough that in retrospect, the diagnosis of Leishmaniasis can be confirmed;

F) Therefore, information on the following clinical signs and biomarkers must be present:

a. Birthin, or history of traveling to Southern European countries;
State of awareness;
Changes in appetite;
Results of physical examination;
Description of appearance of skin lesions, such as morphology, configuration and
location;
f. Condition of nails;
g. Signs of kidney involvement/insufficiency;
h. Signs of arthritis/joint stiffness.

G) Results of laboratory tests were collected from the same blood samples which were used to
determine the antibody titre, within a range of 7 days before or after the height of the DAT
titre was determined.

Exclusion criteria used for this aim were:

A) Dogs who did not have a history of travelling to endemic area’s;

B) Dogs who did not have a medical file with results of physical examination and/or blood results
at the time point that the DAT is performed;

C) Dogs who received treatment for CanL prior to their visit at the UUCCA®.

® oo

Medical record review

Data extracted from the medical records of each dog at their first visit at the UUCCA included:
- Signalment: sex, breed, age when the dog was diagnosed;
- Results of anamnesis: clinical signs according to the owner, environmental history;

1 These dogs were only excluded in the part of the study were height of DAT titre was compared to clinical, haematological and biochemical
alterations, since this could have an influence on the results. All dogs who received treatment remained included in the part of the study
were positive and negative titres were compared.
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- Results of physical examination: respiratory rate and character; heart/pulse rate; rectal
temperature; coat and skin; colour, CRT and aspect of mucosal membranes and palpation of
lymph nodes;

- DAT antibody titre;

- Laboratory results: Ht, leukocytes, neutrophils, thrombocytes, protein spectre (alpha 1, alpha
2, beta 1, beta 2 and gamma globulin), aloumin spectre, creatinine (in blood), urea-protein-
creatinine ratio (UPC ratio) and urinary sediment.

Methods

All dogs were presented at the UUCCA, except for one dog, who was presented at a local veterinary
practice, in the period between 2008 and 2018. All dogs had a leishmania titre performed at the UVDL
between 2008 and 2018 using a direct agglutination test on a collected blood sample.
Clinicopathological data from the dogs presented at the UUCCA was extracted from medical records
in the veterinary software program Vetware (Vetware, v. 1.6.135-rc01, Canada). Clinicopathological
data from the dog presented at a local veterinary practice was extracted from medical records,
provided by the practice its selves, using informed consent. All dogs were retrospectively classified
using five different staging systems i.e. the categories published by Mancianti et al. (1988)(17),
Ciaramella et al. (1997)(28), Amusategui et al. (2003)(29), the Leishvet group (7) and the Canine
Leishmaniosis Working Group (CLWG)(30).

To answer the first subquestion, dogs with positive and negative titres were compared to clinical,
haematological and biochemical alterations.

To answer the second subquestion, only dogs with titres 1:40 — 1:2560 and titres 1:10240 are used,
since not all dogs with titre 1:5120 are further serially diluted. Also, dogs who received treatment for
CanL were excluded, due to possible changes in titre height and (patho)clinical presentation.

Clinical data collection

Clinical data was collected from medical records recorded in Vetware. Physical exams and anamnesis
of the dogs were performed and recorded by multiple veterinary medicine students, as well as
veterinarians at the UUCCA from 2008-2018. For classifying the dogs in the different staging systems,
extra emphasis was added to the most common clinical signs of leishmania, including the different
degrees of lymphadenopathy, weight loss, mucous membranes pallor, polyuria and polydipsia,
vomiting, diarrhoea, cutaneous alterations, onychopathy, (kerato)conjunctivitis, lameness, fever,
epistaxis, and immunocomplex lesions (such as vasculitis, arthritis, uveitis, glomerulonephritis). In
some cases, a complete dermatologic, ophthalmologic or orthopaedic examination was performed by
a veterinary specialist.

Laboratory data collection

All laboratory tests were performed by the UVDL. In short, blood samples of 5 mL were collected from
the jugular vein into Z Serum Sep Clot Activator tubes and tubes containing EDTA. The ADVIA 120 and
ADVIA 2120 haematology systems were used to analyse the blood samples. The urine analysis
sediment and UPC ratio were determined on Olympus AU 680 (Beckman Coulter, Woerden, The
Netherlands). The protein spectre was determined by protein electrophoresis (hydrogel beta-1 beta2,
Hydriasis, Sebia, Surrey, The United Kingdom). All systems were run with veterinary software. The
antibody titre for Leishmania was measured by DAT according to the recommendations by El Harith et
al. (1989) (23). To establish the maximum reaction titre, three positive sera were serially diluted and
tested, starting at a dilution of 1:40, up to 1:81920.

Assignment according to classification systems
Once all data was collected, all dogs were retrospectively placed into the most appropriate stage of
the different staging systems following the criteria established by the different authors. Meléndez-

15



Lazo et al. (2018) reviewed and compared six clinical staging systems. Five of these are also used in
this study (Mancianti et al. 1988, Ciaramella et al. 1997, Amusategui et al. 2003, Solano-Gallego et al.
2009, Paltrinieri et al. 2010) (16). Foglia Manzillo et al. (2013) was excluded from this study since the
inclusion criteria for the different stages were not as clearly defined as the others (31). In all systems
‘unclassified dogs’ were defined as ‘dogs who do not meet the criteria for classification in any possible

way in the proposed staging method’. All staging systems are listed in table 5.

Table 5 Criteria used for clinical classification of dogs with CanL as proposed by different authors

Source: (16)

Study Clinical classification based on clinical signs Further diagnostic testing
Mancianti et al. 1. Asymptomatic dogs: absence of clinical signs None
(1988) 2. Oligosymptomatic dogs: lymphadenopathy, small
weight loss and/or dull fur
3. Symptomatic dogs: all or some of the characteristic
signs of the disease
Ciaramella et 1. Mild signs: mild lymphadenomegaly and/or weight 1. And/or Anemia
al. (1997 loss 2. Anemia
2. Clear signs: systemic lymphadenomegaly, 3. Anemia and/or kidney involvement (azotemia)
splenomegaly, skin disorders and weight loss
3. Severe signs: all the above signs, plus chronic
cutaneous changes and/or ocular lesions and/or
severe weight loss
Amusategui et 1. Initial stage: asymptomatic or with mild, non- 1. Slight dysproteinemia or a non-altered serum
al. (2003 specific clinical signs protein electrophoretogram, antibody titer
2. Established disease: typical clinical signs of canine >1/100 < 1/800
leishmaniosis 2. Dysproteinemia, antibody titer > 1/400
3. Advanced stage: severe organic complications 3. Serious biochemical and hematological alterations;
(renal, hepatic, cardiac, etc.) variable dysproteinemia and variable antibody titers.
Solano-Gallego . Mild disease: mild clinical signs such as localized . Usually no clinicopathological abnormalities
etal. (2009) - lymphadenomegaly and papular dermatitis 1. Low to high positive antibody levels.
LeishVet I Moderate disease: apart from signs listed in stage | Clinicopathological abnormalities such as mild non-
may present: skin disorders, anorexia, weight loss, regenerative anemia, hyperglobulinemia,
fever, and epistaxis hypoalbuminemia, serum hyperviscosity syndrome.
1. Severe disease: apart of the signs listed in stages | a. Normal renal profile:
and I, may present signs originating from immune- creatinine < 1.4 mg/dL; non-proteinuric:
complex lesions UPC< 0.5
V. Very severe disease: dogs with clinical signs listed b.  Creatinine < 1.4 mg/dL; UPC = 0.5-1
in stage lll. Pulmonary thromboembolism Ill.  Severe disease: clinicopathological abnormalities
listed in stage Il. CKD IRIS (IRIS, 2015) stage | with
UPC > 1 or stage Il (creatinine 1.4-2 mg/dL)
IV.  Very severe disease: Medium to high positive
antibody levels. Clinicopathological abnormalities
listed in stage I, CKD IRIS stage Il (creatinine 2—
5 mg/dL). Nephrotic syndrome: marked proteinuria
UPC > 5 and end-stage renal disease
Paltrinieri et al. A.  Exposed A.  Negative cytologic, histologic, parasitological, and
(2010) -CcLWG B.  Infected: dogs are clinically normal or have signs molecular findings and low titer antibodies
associated with other diseases against Leishmania spp.
C. Sick (clinically evident disease): One or more B. Dogs in which parasites have been detected through
clinical signs common to leishmaniosis are present. direct diagnostic methods and with low-titer
Dogs without clinical signs but with laboratory antibodies against Leishmania spp.
alterations C. Dogs with positive cytologic results regardless of
D.  Severely sick: dogs with severe clinical illness. serologic results and dogs with high antibody titers
Concurrent problems that require against Leishmania spp. Hematologic, biochemical,
immunosuppressive treatment; severe and urinary alterations common to leishmaniasis
concomitant conditions; and clinical D.  Evidence of proteinuric nephropathy or chronic
unresponsiveness to repeated courses of anti- renal failure
Leishmania drugs
E.  a)Sick-unresponsive b) Sick-early relapse
Foglia Manzillo 1. Subpatent infections: absence of clinical signs 1. Subpatent infections: detection of parasite DNA in
etal. (2013 attributable to CanL BM samples; IFAT titers < 1:160; negative lymph
2. Asymptomatic active infection: absence of clinical node culture; absence of clinicopathological signs
signs attributable to CanL attributable to CanL
3. Symptomatic active infection: presence of clinical 2. Asymptomatic active infection: detection of parasite
signs attributable to CanL DNA in BM samples; IFAT titers 21:160; positive
lymph node culture; absence of clinicopathological
signs attributable to CanL
3. Symptomatic active infection: detection of parasite

DNA in BM samples; IFAT titers > 1:160; positive
lymph node culture; presence of clinicopathological
signs attributable to CanL
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Statistical analysis

All statistical analyses were performed using commercial statistical software (R studio, Version 1.1.463
— © 2009-2018 RStudio, Inc.). All continuous data was tested for normal distribution using the Shapiro-
Wilk test. Spearman’s coefficient of rank correlation (rho) was used to evaluate the degree of
association between the DAT titre and the clinical stages from the different staging systems and the
degree of association between the DAT titre and haematological and biochemical parameters. For all
tests, significance was set as P < 0,05.

17



Results

Two hundred seventy dogs had a DAT titre performed from 2008 to 2019 at the UVDL. Of these dogs,
fourteen dogs were excluded because they had an incomplete file, sixteen were excluded because the
clinical signs were not suggestive of Leishmaniasis, 67 were excluded because they had no travel
history to endemic areas and 64 were excluded because a different diagnosis was confirmed. There
were 109 dogs that qualified for the inclusion in this study.

Determination of the difference between positive and negative DAT titre in clinical,
haematological and biochemical manifestations

Descriptive analysis

Of the 109 dogs, 60 were males (18 intact, 42 neutered) and 49 females (4 intact, 45 spayed). The
mean age was 5,1 years (range 6 months to 11,1 years). Breed distribution was 50,5% crossbreeds,
49,5% other breeds. Fifty-one dogs were born in Spain, fifteen in Greece, four in France, three in Italy,
two in Turkey, two in Portugal, two in Mallorca, one in Cyprus and one in Ibiza. Forty-three dogs
travelled to different countries including Spain, France, Italy and Portugal. Fifteen of these dogs were
tested for co-infections and had a known co-infection with other vector borne diseases (such as
ehrlichiosis, babesiosis or dirofilariasis), it is unknown if the other dogs were tested for these diseases.
Twenty-six dogs already received treatment when the titre was performed, due to positive results in
previously performed tests. Twelve of these dogs received treatment for more over a year. The DAT
titre ranged from < 1:40 to 1:20480.

Table 6 DAT titres (n = 109).

Height of DAT titre Number of dogs

<1:40 26
1:80 3
1:160 1
1:320 2
1:1280 3
1:2560 9
1:5120 62
1:10240 1
1:20480 2

To determine if there is a difference between clinical, haematological and biochemical manifestations
found in dogs with negative (<1:40) and positive (>1:40) titres, all 109 dogs are compared. Twenty-six
of these dogs had a negative titre, 83 dogs had a positive titre.

Most common clinical signs in dogs with a negative DAT titre were decreased endurance (61,5%),
lymphadenopathy (57,5%) and fever (50,0%). Less commonly clinical signs were weight loss and dry
exfoliative dermatitis (both 23,1%). In dogs with a positive titre, most common clinical signs were
lymphadenopathy (66,3%), decreased endurance (61,4%) and alopecia (43,4%). Less commonly found
clinical signs were ulcerations on the skin (18,1%) and epistaxis (6,0%). Cutaneous manifestations
included dry exfoliative dermatitis, alopecia, erythema, crustae, squamae, ulcerative lesions and
hyperkeratosis. One dogs with a negative titre suffered from a (cardio)vascular disorder, in form of a
vasculitis. Also, two dogs with a positive titre suffered from (cardio)vascular disorders, one suffered
from ventricular extra systoles and the other from sinus tachycardia. A neurological disorder was found
in just one case, this dog suffered from some kind of epileptic attack and unconsciousness. All clinical
signs are listed in table 7.
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Table 7 Frequency of clinical signs of dogs with negative DAT titres (<1:40) and positive DAT titres (>1:40) (n = 109)

Clinical signs

Number of dogs

with <1:40 (n = 26)

%

Number of dogs
with >1:40 (n = 83)

%

Lymphadenopathy
Decreased endurance
Alopecia

Weight loss

Dry exfoliative dermatitis
Fever

Crustae

Change in appetite
Lameness

Diarrhoea

Vomiting

Polyuria / polydipsia
Erythema

Onychopathy

Ulcerative lesions on the skin
Mucous membranes pallor
Mucocutaneous / mucosal ulcerative or nodular lesions
(oral, genital, nasal)
Splenomegaly
(Kerato)conjunctivitis
Pustules

Epistaxis

Ulceration of footpads
Squamae

Hyperkeratosis

Atrophic masticatory myositis
Hyperpigmentation
Uveitis

Papular dermatitis
(Cardio)vascular disorder
Nodular dermatitis
Blepharospasm
Neurological disorder

15
16
8
6
6
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57,7%
61,5%
30,7%
23,1%
23,1%
50,0%
38,5%
23,1%
34,6%
19,2%
23,1%
19,2%
19,2%
3,8%

23,1%
19,2%
7,7%

15,4%
3,8%
7,7%
3,8%
7,7%
7,7%
3,8%
7,7%
11,5%
11,5%
3,8%
3,8%

55
51
36
35
35
34
32
32
28
24
24
19
16
15
15
13
10

PR RPRNWWARMDMRAMDMOOOUO

66,3%
61,4%
43,4%
42,2%
42,2%
41,0%
38,6%
38,6%
33,7%
28,9%
28,9%
22,9%
19,3%
18,1%
18,1%
15,7%
12,0%

10,8%
6,0%
6,0%
6,0%
4,8%
4,8%
4,8%
4,8%
4,8%
3,6%
3,6%
3,6%
1,2%
1,2%
1,2%

Haematological and biochemical alterations between positive and negative DAT titres are listed in
table 8. Anaemia (69,2%) and leucocytosis (34,6%) are most commonly found in dogs with a DAT
negative titre. Most dogs with a positive DAT titre had hypergammaglobulinemia (73,5%). Anaemia
and hypoalbuminemia were present in respectively 67,5% and 42,2%. Thrombocytopenia was seen in

only 6 dogs (7,2%) with a positive DAT titre.

Table 8 Haematological and biochemical signs of dogs with negative DAT titres (<1:40) and positive DAT titres (>1:40) (n

=109)
Haematological and biochemical signs Number of dogs with % Number of dogs %
titre <1:40 (n = 26) with titre >1:40 (n = 83)

Hypergammaglobulinemia 6 23,1% 61 73,5%
Anaemia 18 69,2% 56 67,5%
Hypoalbuminemia 6 23,1% 35 42,2%
Proteinuria 6 23,1% 22 26,5%
Leucocytosis 9 34,6% 12 14,5%
Leukopenia 1 3,8% 7 8,4%
Thrombocytopenia 7 26,9% 6 7,2%
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Determination of correlation between height of the DAT titre and clinical, haematological and
biochemical manifestations

Descriptive analysis

Of the 109 dogs, 62 dogs with DAT titre 1:5120 were excluded from this part of the study, since none
of these dogs had a DAT titre that was further serially diluted to a maximum titre reaction, given that
all these titres were determined before the start of this research. Also, 8 dogs who received treatment
for longer than two weeks, were excluded from this part of the study. Only dogs with DAT titres <1:40
—1:2560 and titre 1:10240 were used, meaning that 39 dogs were included in this part of the study.

Of the 39 dogs, 18 were males (4 intact, 14 neutered) and 21 females (2 intact, 19 spayed). The mean
age was 5,9 years (range 0,8 to 10,4 years). Breed distribution was 43,6% crossbreed and 56,4% other
breeds. Thirteen dogs were born in Spain, four in Greece, two in France, two in Portugal, one in Italy,
one in Cyprus and one in lbiza. Twenty dogs travelled to different countries including France, Spain,
Portugal and Germany. Five of these dogs were tested for co-infections and had a known co-infection
with other vector borne diseases (such as ehrlichiosis, babesiosis or dirofilariosis). It is unknown if the
other dogs were tested for these diseases. Titre distribution is shown in table 9.

Table 9 DAT titres (n = 39)

Height of DAT titre Number of dogs
<1:40 24

1:80
1:320
1:1280
1:2560
1:10240

= 00 WN -

In table 10, the clinical signs of these 39 dogs are shown. The most common clinical signs were
decreased endurance (66,7%), lymphadenopathy (59,0%) and fever (41,0%). Less commonly found
clinical signs were dry exfoliative dermatitis (23,1%), epistaxis (7,7%) and onychopathy (5,1%).
Cutaneous manifestations included dry exfoliative dermatitis, alopecia, erythema, crustae, squamae,
ulcerative lesions and hyperkeratosis.

Table 10 Frequency of clinical signs of dogs with DAT titres 1:40 — 1:10240 as highest serial dilution (n = 39).

Clinical signs Number of dogs %
Decreased endurance 26 66,7%
Lymphadenopathy 23 59,0%
Fever 16 41,0%
Lameness 11 28,2%
Vomiting 11 28,2%
Change in appetite 11 28,2%
Weight loss 11 28,2%
Crustae 10 25,6%
Alopecia 10 25,6%
Dry exfoliative dermatitis 9 23,1%
Diarrhoea 9 23,1%
Erythema 8 20,5%
Polyuria / polydipsia 7 17,9%
Ulcerative lesions on the skin 6 15,4%
Mucous membranes pallor 6 15,4%
Splenomegaly 6 15,4%
Uveitis 4 10,3%
Mucocutaneous / mucosal ulcerative or nodular lesions (oral, genital, nasal) 3 7,7%
Epistaxis 3 7,7%
Papular dermatitis 3 7,7%
Hyperkeratosis 2 5,1%
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Onychopathy 2 5,1%
Vascular disorder 2 5,1%
Hyperpigmentation 2 5,1%
Pustules 2 5,1%
Squamae 1 2,6%
Nodular dermatitis 1 2,6%
Atrophic masticatory myositis 1 2,6%
(Kerato)conjunctivitis 1 2,6%

Haematological and biochemical alterations of the 39 dogs are listed in table 11. Most dogs had
anaemia (61,7%). Hypergammaglobulinemia and leukocytosis were both present in 35,9%. Leukopenia
was seen in only two dogs (5,1%).

Table 11 Haematological and biochemical signs of dogs with DAT titres 1:40 — 1:10240 as highest serial dilution (n = 39)

Haematological and biochemical signs Number of dogs %
Anaemia 25 64,1%
Hypergammaglobulinemia 14 35,9%
Leucocytosis 14 35,9%
Hypoalbuminemia 12 30,8%
Thrombocytopenia 12 30,8%
Proteinuria 10 25,6%
Leukopenia 2 