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ARTICLE INFO ABSTRACT

Keywords: Climate change and increasing dog importation and travel may facilitate the emergence of canine vector-borne
Dogs diseases in previously non-endemic regions. Competent vectors of Dirofilaria spp. are widespread in Switzerland,
Occurrence and phlebotomine sand flies have been repeatedly documented in Ticino, adjacent to highly endemic areas of
'Sr(i):i::)em Switzerland canine leishmaniosis and dirofilariosis in Italy. This study provided insights into the epidemiology of Leishmania
Endemic establishment infantum and Dirofilaria spp. infections in dogs in Ticino, and evaluated current diagnostic, management, and
Dirofilaria immitis prevention practices. A multi-stakeholder approach was applied, combining structured interviews with animal
Leishmania infantum shelter representatives, standardized online questionnaires for veterinarians and dog owners, along with a 25-
year retrospective review of clinical records. Data comprised responses from 3/4 public shelters, 44/56 veteri-
narians, 8 dog owners, and 106 clinical records (91 L. infantum, 15 D. immitis). Leishmania infantum infections
were reported by 2/3 shelters and 36/44 (81.8%) veterinarians within the year preceding data collection. Dir-
ofilaria immitis infections were less frequent (1/3 shelters; 8/44 (18.2%) veterinarians); Dirofilaria repens was not
reported. Most infected dogs originated from Italy; one D. immitis positive dog had no history of travel abroad.
Veterinarians frequently reported asymptomatic L. infantum infections. Preventive recommendations were
generally appropriate, but owner compliance was inconsistent. Retrospective analysis revealed incomplete
diagnostic staging of dogs with L. infantum infection (retrospective LeishVet classification achievable in one-third
of cases, primarily due to omitted urinalysis). The high number of - often asymptomatic — infected dogs and gaps
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in testing and vector prophylaxis, indicates a risk of endemic establishment of L. infantum and sustained trans-
mission of Dirofilaria spp. in southern Switzerland.

1. Introduction

Canine leishmaniosis and dirofilariosis are vector-borne zoonotic
diseases of major veterinary and public health importance
(Gramiccia and Gradoni, 2005; Simon et al., 2012). Both are widespread
across Europe, with highest endemicity in Mediterranean regions
(Genchi and Kramer, 2020; Maia et al., 2023).

The clinical outcome after infection with Leishmania infantum,
transmitted by phlebotomine sand flies, is largely determined by the
host immune response (Solano-Gallego et al., 2009). A large proportion
of infected dogs are asymptomatic carriers and, like clinically affected
animals, can serve as a source of infection for female phlebotomine
sandflies (Deplazes et al., 2012). Clinically affected dogs may exhibit a
variety of signs, from mild dermatological lesions to severe manifesta-
tions, including polyarthritis, severe hematologic changes, and renal
failure (Solano-Gallego et al., 2011). Accurate laboratory diagnostics,
based on international guidelines such as those of the LeishVet
(Solano-Gallego et al., 2011) or Canine Leishmaniasis Working group
(CLWG) (Castagnaro et al., 2007), are essential for early diagnosis and
appropriate staging of the disease. Although treatment can improve
clinical signs and quality of life, complete parasitological cure is rarely
achieved. Consequently, infected dogs require lifelong monitoring and
management (Solano-Gallego et al., 2009).

Dirofilaria immitis, the causative agent of canine heartworm disease, is
transmitted by mosquitoes of the family Culicidae including the genera
Aedes, Culex, and Anopheles (Fuehrer et al., 2021). Rising temperatures
accelerate their life cycle (from egg to mosquito) and the development of
the parasitic stages within the vector, enabling geographic spread
(Fuehrer et al., 2021). Infected dogs may remain subclinical for pro-
longed periods or develop clinical signs that progress gradually, often
beginning with exercise intolerance or coughing. Advanced disease is
commonly fatal due to right-sided heart failure or, acutely, caval syn-
drome (Knight, 1987; Deplazes et al., 2012; Bendas et al., 2022).
Appropriate therapy aims to reduce the reservoir potential of infected
dogs and to improve the clinical outcome, following
guidelines such as the ones of the American Heartworm Society
(American Heartworm Society (AHS), 2020) or the European Scientific
Counsel Companion Animal Parasites (Reference ESCAPP). In contrast,
Dirofilaria repens infection is often subclinical, or may present with
subcutaneous nodules and dermatological lesions (Tarello, 2002).

Switzerland is currently considered non-endemic for L. infantum and
generally for Dirofilaria spp.; reported cases are frequently described in
imported dogs or dogs that have travelled in endemic areas (Fuehrer
et al., 2021; Rohrer Kaiser et al., 2023; Schaffner et al., 2024). The canton
of Ticino, in southern Switzerland, provides favourable climatic condi-
tions for parasite development within vectors and, importantly, borders
endemic areas of northern Italy. In fact, phlebotomine sand flies compe-
tent for the transmission of L. infantum have repeatedly been detected in
Ticino and other parts of Switzerland, although in low numbers
(Schaffner et al., 2024; Ravasi et al., 2024); however, the identified
infected canine hosts regularly had a travel history from endemic coun-
tries (Mettler et al., 2005; Ravasi et al., 2024). In contrast, single sus-
pected autochthonous canine cases of Dirofilaria spp. infection have been
reported in Ticino (Petruschke et al., 2001). Temperature is the most
relevant factor determining the number of D. immitis generations in
suitable Culicidae vectors. These are also present in high numbers north of
the Alps: accordingly, a maximum of two generations is expected to
develop in the vectors in case of the contemporaneous presence of
infected hosts in regions north of the Alps (Genchi et al., 2009), therefore
impeding currently the establishment of D. immitis. However, rising
temperatures may not only further facilitate the northward spread of

invasive species such as Aedes albopictus or A. koreicus, (Suter et al., 2015),
both known vectors of Dirofilaria spp., but also increase the potential
number of Dirofilaria generations in Culicidae vectors.

In addition, Switzerland records substantial numbers of imported
dogs (Reference Amicus) — e.g., through the organized importation of
dogs from shelters in the Mediterranean region, primarily conducted by
animal welfare organizations. A major challenge associated with the
importation of dogs from Southern Europe is the presence of latently
infected, asymptomatic animals, which often remain seronegative for
months to years and therefore cannot be reliably detected initially using
serological methods. Moreover, travelling of resident dogs to endemic
areas is common - often without proper vector prophylaxis
(Maia and Cardoso, 2015; Ravasi et al., 2024). These factors may
contribute to a growing reservoir of infected dogs, and raise concerns
regarding the potential establishment of autochthonous transmission
cycles (Maroli et al., 2010; Maia and Cardoso, 2015; Ravasi et al., 2024).

Nevertheless, comprehensive data on the current epidemiological
situation, case numbers, and preventive strategies are lacking. Such data
are essential to assess the concrete risk of pathogen establishment and to
inform veterinary and public health measures, including raising disease
awareness among veterinarians and owners of potentially infected dogs.

This study aimed to (i) provide insights into the current epidemio-
logical situation of L. infantum and Dirofilaria spp. in a Swiss region
suitable for autochthonous transmission and (ii) evaluate current diag-
nostic approaches, clinical management, and prevention practices.

2. Material and methods
2.1. Study area and study design

This study was conducted as part of the LeisCH project, a collabo-
ration between the Clinic for Small Animal Internal Medicine and the
Institute of Parasitology at the Vetsuisse Faculty, University of Zurich,
Zurich, Switzerland, launched in April 2025. The study focused on the
canton of Ticino, southern Switzerland, bordering endemic regions of
northern Italy (Fig. 1). To comprehensively assess the epidemiological
situation, multiple stakeholder groups were included: animal shelter
representatives (n =3, from four officially registered public shelters),
private veterinary practitioners (n = 56, at least one veterinarian from
each veterinary practice in Ticino), and owners of infected dogs (exact
number unknown, as they were directly contacted by the participating
veterinary practitioners). Structured interviews were conducted with
shelters representatives, while standardized online questionnaires were
distributed to veterinary practitioners and dog owners. Additionally,
medical records of infected dogs from areas with reported cases (as
defined in Section 2.4) were retrospectively reviewed to enable detailed
analysis of diagnostic procedures, clinical management, prevention
strategies, and outcomes. Informed consent for data collection, analysis,
and anonymized scientific publication was obtained from all
participants.

2.2. Interviews with shelter representatives

A questionnaire for animal shelter representatives was initially
developed using «LimeSurvey» (https://www.limesurvey.org/de/,
LimeSurvey GmbH, Hamburg, Germany) (Supplementary file 1). As on-
site recruitment became feasible, it was adapted into a structured
interview format (McGrath et al., 2019) using Microsoft Office Word
(Microsoft Corporation, Redmond, WA, USA). The final interview
comprised 29 questions covering professional background, shelter ca-
pacity, and weekly numbers of housed and infected dogs, followed by
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specific questions on dogs infected with L. infantum and/or Dirofilaria
spp., including country of origin, travel history, procedures at impor-
tation, clinical signs, diagnostics, and preventive measures. On May 16,
2025, two investigators (J.G. and M.S.) conducted approximately
10-minute interviews with the directors of three of the four officially
registered animal shelters in Ticino.

2.3. Online questionnaires for veterinary practitioners and dog owners

Two online questionnaires — for veterinary practitioners and dog
owners — were developed using «LimeSurvey» (https://www.limesurve
y.org/de/, LimeSurvey GmbH, Hamburg, Germany). The questionnaires
are provided in Supplementary Materials (Supplementary files 2 and 3).
Questionnaire design followed published methodological recommen-
dations for survey research (Ranganathan and Caduff, 2023; Rangana-
than et al., 2024) and was based on previously published
questionnaire-based studies (Ruiz De Ybanez et al., 2009; Lladro et al.,
2017; Pereira et al., 2022). Additional questions relevant to the present
epidemiological investigation were incorporated.

The veterinary questionnaire comprised 70 main questions, including
a subset of questions presented exclusively to respondents having
managed infected dogs during the year preceding the questionnaire
completion (24.07.2024 - 24.07.2025). “Partially” and “other” responses
triggered a follow-up prompt requiring participants to specify their
answer. Data collected included workplace characteristics, professional
experience, weekly caseload (dogs), and frequency of L. infantum, D.
immitis, and D. repens infection diagnoses. For dogs infected with
L. infantum and/or Dirofilaria spp., additional questions covered origin
and travel history, testing procedures at importation, follow-up testing
and further diagnostic approaches, clinical signs and history, treatment
protocols, preventive measures, and awareness and application of pub-
lished international guidelines. Dog origin was classified as abroad or
within Switzerland, based on the source from which the current owner
acquired the dog, including shelters, welfare organizations, or breeding
facilities. Treatment of L. infantum infection was assessed according to
LeishVet staging system (Solano-Gallego et al., 2011), distinguishing be-
tween i) seropositive asymptomatic dogs; ii) clinically affected dogs
without renal impairment; iii) clinically affected dogs with renal
dysfunction corresponding to stages 1-2 chronic kidney disease (CKD), as
defined by the International Renal Interest Society (IRIS); and iv) clini-
cally affected dogs with renal impairment corresponding to IRIS stages
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3-4 CKD (International Renal Interest Society, 2023). Veterinarians were
identified via professional association websites (‘Veterinary Medical As-
sociation of the Canon of Ticino’ (https://www.veterinariticino.ch) and
the ‘Swiss Veterinary Medical Association’ (https://www.gstsvs.ch/de/),
and a list of veterinarians regularly referring cases to the Clinic for Small
Animal Internal Medicine, Vetsuisse Faculty, University of Zurich, Zurich,
Switzerland, to ensure canton-wide coverage. At least one veterinarian
from each veterinary practice in Ticino was contacted. The survey was
distributed by email over 2.5 months, with biweekly reminders sent to
non-respondents. Veterinarians who had not participated after seven
weeks were contacted individually by one investigator (M.S.) and invited
to participate.

The dog owner questionnaire (46 questions per infection) was
distributed via participating veterinary practices using QR-coded flyers.
It captured signalment, origin, living conditions, travel history, age at
diagnosis of infection with the specific pathogen, awareness of infection
status at adoption, awareness of zoonotic potential, sources of infor-
mation about the diseases, clinical signs, diagnostic procedures
(including costs), medical treatment, and preventive measures.

Both online surveys were available in the three national languages
(German, Italian and French), as well as in English. Prior to distribution,
the questionnaires were internally pilot tested by veterinarians at the
Clinic for Small Animal Internal Medicine, Vetsuisse Faculty, University
of Zurich, Zurich, Switzerland, to assess comprehensibility, clarity and
feasibility; based on this feedback, minor modifications were applied.

2.4. Retrospective analysis of medical records

Based on responses to the veterinary questionnaire, areas with re-
ported L. infantum and Dirofilaria spp. infections in dogs were identified
using cases diagnosed during the year preceding the questionnaire
completion and stratified according to postal code. Veterinary practices
in these areas were asked for access to medical records. Among seven
collaborating practices, one is a multi-site clinic and operates at four
locations. Medical records were reviewed retrospectively on site or
transmitted electronically. To complete the dataset, medical records of
dogs residing in the canton of Ticino and treated at the Clinic for Small
Animal Internal Medicine, Vetsuisse Faculty, University of Zurich, Zur-
ich, Switzerland, were included.

Inclusion criteria for L. infantum infection comprised confirmation of
infection by serology (antibody detection) or direct methods (cytology,

Location of veterinary practices providing
medical records

@ Residence of dogs with Leishmania infantum
infection

@ Residence of dogs with Dirofilaria immitis

infection
0 10 20km A
— )

B

Fig. 1. Distribution of reported Leishmania infantum and Dirofilaria immitis infections among dogs in the canton of Ticino, southern Switzerland. A) Locations of the
animal shelters where the interviews took place and geographic distribution of veterinary practices where dogs with Leishmania infantum or Dirofilaria immitis
infection were presented between mid—2024 and mid—2025 based on a survey among veterinarians. Larger icon size indicates a higher number of veterinary
practices. B) Residential locations of dogs infected with Leishmania infantum or Dirofilaria immitis over the past 25 years based on retrospectively analysed medical
records of dogs living in the canton of Ticino from 7 veterinary practices and the Clinic for Small Animal Internal Medicine, Vetsuisse Faculty, University of Zurich,

Zurich, Switzerland. Larger icon size indicates a higher number of dogs.
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histology, or polymerase chain reaction (PCR)); false-positive rapid
antibody tests with negative confirmatory assays such as enzyme-linked
immunosorbent assay (ELISA) or immunofluorescent antibody test
(IFAT) were excluded. When sufficient diagnostic data were available (i.
e., haematology, serum biochemistry, and urinalysis results including
urine protein-to-creatinine ratio (UPCR)), cases were retrospectively
staged according to LeishVet guidelines (Solano-Gallego et al., 2011).

Dirofilaria immitis cases required confirmation by antigen testing, or
detection of microfilariae in blood smears confirmed by PCR.

Each medical record was systematically reviewed from initial pre-
sentation to the date of data extraction, and variables collected included
signalment, country of origin, importation date, age or estimated age at
diagnosis, clinical history, travel history, clinical signs, diagnostic pro-
cedures performed and results, treatment, nutritional management, pre-
ventive measures, and current vital status. Globulin concentration was
retrospectively calculated as the difference between total protein and
albumin. The albumin-to-globulin (A:G) ratio was subsequently deter-
mined and considered decreased if < 0.89 (Willard and Tvedten, 2012).

Anaemia, hypergammaglobulinemia, thrombocytopenia, hypo-
albuminemia, leukopenia, leukocytosis, eosinophilia, azotaemia, and
increased C-reactive protein were defined based on the respective refer-
ence intervals of the in-house or external laboratory performing the ana-
lyses. Pathological renal proteinuria was defined as a UPCR > 0.5 in the
absence of an active sediment (International Renal Interest Society, 2023).
Data were recorded in Microsoft Excel (Microsoft Corporation, Redmond
Washington, USA).

2.5. Data analysis and mapping

All results were subjected to descriptive analysis, with cases/answers
presented as absolute numbers and percentages. Graphical evaluation
was performed using GraphPrism (version 10.6.1, GraphPad Software,
LLC, Boston, Massachusetts, USA) and the maps were created using the
software QGIS (QGIS Association, online/open source, qgis.org).

3. Results
3.1. Interviews with shelter representatives

Data comprised responses from 3/4 public shelters. Between
mid—2024 and mid—2025, two shelter representatives reported
L. infantum infections among their residents, while D. immitis infection
was identified in dogs of one shelter (Fig. 1A). No cases of D. repens were
reported.

In all three shelters, dogs were primarily imported from Italy, with
additional dogs coming from Romania. Prior or subsequent travel
abroad could not be determined. Dogs from endemic areas were
consistently tested for L. infantum and D. immitis infections. Testing was
generally performed abroad prior to border crossing, although one
shelter representative reported that timing may vary. Seronegative dogs
without clinical signs were retested at one and four months post-
importation in one shelter, whereas the others retested only if clinical
signs developed.

In dogs positive for L. infantum, dermatological lesions, polyuria/
polydipsia, and diarrhoea were often observed; onychogryphosis was
occasionally documented. No clinical signs were reported in dogs
infected with D. immitis.

Diagnostic testing for L. infantum primarily relied on antibody
detection using ELISA or IFAT. In some cases, serological testing was
supplemented with a complete blood count and serum chemistry, fol-
lowed by serum protein electrophoresis. Urinalysis and PCR testing from
blood, skin, lymph nodes, or bone marrow were performed in only a few
instances. Testing for D. immitis was primarily based on antigen
detection.

All shelter representatives reported implementing defined prophy-
lactic protocols: oral macrocyclic lactones (milbemycin oxime,
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complemented with praziquantel) in two of them (one consistently at
admission, on day 10, and then monthly; the other monthly); monthly
isooxazoline-based products (sarolaner or afoxolaner) for tick and flea
control in two shelters, and deltamethrin-containing collars as mosquito
repellent in the remaining one.

3.2. Online questionnaires for veterinary practitioners and dog owners

By October 2025, 44/56 (78.5%) questionnaires for veterinary
practitioners were fully completed and included in the analysis
(Table 1, Supplementary file 4). Of these respondents, 33/44 (75.0%),
10/44 (22.7%) and 1/44 (2.3%) reported enquiring about a dog’s origin
“always”, “often”, and “sometimes”, respectively; 21/44 (47.7%), 16/44
(36.4%) and 7/44 (15.9%) reported asking “always”, “often”, and
“sometimes” about travels abroad, respectively. Approximately half
(55.5%) of the 44 respondents assessed the incidence of both infections
as stable over the past 10 years (Table 2).

Between July 2024 and 2025, 36/44 (81.8%) veterinarians reported
having diagnosed at least one dog infected with L. infantum, while 8/44
(18.2%) reported consulting at least one dog infected with D. immitis
(Fig. 1A, Table 1). Infections were primarily seen in practices located in
central and southern Ticino (Fig. 1A). None of the respondents reported
managing cases of D. repens infection or observed clinical signs sugges-
tive of such infection.

All dogs infected with L. infantum had reportedly been imported from
endemic countries (predominantly from Italy), either directly by their
current owners or through welfare organizations (Table 2). Four
(11.1%) of the 36 veterinarians having managed L. infantum-infected
dogs stated diagnosing concurrent infections, mainly with Ehrlichia canis
(Table 2). Dermatological manifestations were the most frequently re-
ported clinical signs, although one third to three quarters of the par-
ticipants rarely or never observed clinical signs (Fig. 2A). Among the 36
veterinarians, 27/36 (75.0%) reported following international clinical
guidelines. The LeishVet guidelines were most frequently cited (20/27
(74.1%)) (Solano-Gallego et al., 2011), followed by the IRIS guidelines
for CKD (15/27 (55.6%)) (International Renal Interest Society, 2023),
and the CLWG guidelines (7/27 (25.9%)) (Castagnaro et al., 2007)
(multiple answers were allowed). Three participants explained relying
on the clinical experience from veterinarians in southern Italy, without
following specific guidelines. According to the respondents, mono-
therapy with allopurinol was the first treatment option for seropositive

Table 1

Professional background of veterinarians and their Leishmania infantum and
Dirofilaria immitis caseloads, based on a survey among 44 veterinarians in the
canton of Ticino, southern Switzerland.

n %
Work experience in the current practice (years)
0-2 2 4.6
> 2-5 15 34.1
> 5-10 9 20.4
>10 18 40.9
Dogs examined/week
1-5 4 9.1
6-10 0 0
11-50 31 70.5
> 50 9 20.4
Involvement in animal shelter or welfare organization care
Yes 14 31.8
No 30 68.2
No. of practitioners treating > 1 infected dog with
Leishmania infantum 36 81.8
Dirofilaria immitis 8 18.2
Dirofilaria repens 0 0

n = number, % = percentage.
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Table 2

Epidemiological and clinical features of canine Leishmania infantum and Dirofi-
laria immitis infections, based on a survey among 44 veterinarians in the canton
of Ticino, southern Switzerland (*: multiple responses were allowed).

L. infantum D. immitis
(n = 36) (n=238)
n % n %
Dogs with compatible clinical signs
1-5 31 86.1 8 100
6-10 4 11.1 0 0
>10 1 2.8 0 0
Newly diagnosed cases
1-5 26 72.2 8 100
6-10 9 25 0 0
>10 1 2.8 0 0
Subjective evolution of the incidence in the
past 10 years
Increase 15 41.7 1 12,5
Static 20 55.5 4 50
Decrease 0 0 3 37.5
Unknown 1 2.8 0 0
Co-infections* 4 11.1 0 0
Ehrlichia canis 4 11.1
Babesia spp. 1 2.8
Anaplasma phagocytophilum 2 5.6
Anaplasma platys 0 0
Origin of the infected dogs*
Abroad 35 97.2 6 75.0
Switzerland 16 44.4 4 50.0
Origin from?/Travel to®* ab ab ab o akb
Italy 36/ 100/ 6/ 75.0/
35 97.2 7 87.5
Spain 33/ 91.7/ 4/ 50.0/
34 94.4 7 87.5
Portugal 6/26  16.7/ 1/ 12.5/
72.2 5 62.5
France 2/25 5.5/ 1/ 12.5/
69.4 5 62.5
Greece 5/17 13.9/ 1/ 12.5/
47.2 2 25.0
Croatia 2/20 5.5/ 1/ 12.5/
55.6 5 62.5
Romania 3/5 8.3/ 1/ 12.5/
13.9 1 12.5
Bulgaria 1/1 2.8/2.8 o/ 0/12.5
1
Other 2/2 5.5/5.5 2/ 25.0/0
0
Unknown 0/1 0/2.8 o/ 0/12.5

n = number, % = percentage.

asymptomatic dogs, whereas combination therapy with allopurinol and
miltefosine was preferred in subsequent disease stages (Table 3). Nearly
all (43/44 (97.7%)) veterinarians indicated recommending prophylaxis
against L. infantum, with deltamethrin-containing collars and spot-on
treatments containing imidacloprid and permethrin as the first-line
preventive measures. Overall, 24/44 (54.5%) veterinarians stated rec-
ommending year-round use of repellents for infected dogs living in
Ticino, especially deltamethrin-containing collars.

All eight veterinarians having managed dogs with D. immitis infec-
tion over a one-year period from July 2024 to July 2025 reported
enquiring about the origin from endemic countries, and seven about the
time since importation. Most (6/8) respondents stated that positive dogs
were directly imported from abroad. All but one dog had a history of
residence in or travel to an endemic area, predominantly Italy or Spain
(Table 2). Co-infections were not reported. Dyspnoea and chronic cough
were the most frequently reported signs (Fig. 2B). Four of the
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participants reported performing further examinations themselves in
case of a clinical suspicion, following established international guide-
lines (3 the ones from AHS, 2 from ESCAPP and 1 from the European
Society of Dirofilariosis and Angiostrongylosis (multiple responses
allowed)). Macrocyclic lactones were the most frequently reported
treatment: milbemycin oxime (5/8), moxidectin (1/8), and selamectin
(1/8). Surgical removal of adult worms was performed by 2/8 re-
spondents, and 2/8 reported the use of melarsomine. Additionally, 2/8
indicated doxycycline treatment (multiple responses allowed). All 44
participating veterinarians explained recommending macrocyclic lac-
tones as prophylactic treatment against Dirofilaria spp. Most partici-
pating veterinarians (33/44 (75.0%)) reported informing dog owners
about the zoonotic potential, primarily via verbal communication.

Eight fully completed owner questionnaires (corresponding to
8 L. infantum-infected dogs) were included in the analysis
(Supplementary file 5). All dogs had been adopted from southern Italy,
and five households reported owning at least one additional dog. One
owner was aware that the dog was infected at the time of adoption and
had been informed about the potentially lifelong therapy and required
follow-ups. For the remaining seven dogs, infection had not been diag-
nosed upon adoption in four, and it was unclear if infection had been
already diagnosed in three (the new owners did not receive any infor-
mation). All eight owners reported having been sufficiently informed by
their veterinarian following diagnosis, including the zoonotic risk of
L. infantum infection, and six sought additional information indepen-
dently. Diagnostic testing costs were < 500 Swiss francs in three cases
and 500-1000 Swiss francs in four cases, while annual treatment and
monitoring expenses were < 500 Swiss francs in two cases and
500-1000 Swiss francs in six cases. Regarding prophylactic measures,
owners reported implementing avoidance of walks at dusk (3/8), the use
of mosquito nets (2/8), collars containing imidacloprid and flumethrin
(2/8), and topical spot-on formulations containing imidacloprid and
permethrin (3/8) (multiple answers allowed).

3.3. Retrospective analysis of medical records

A total of 106 medical records from the past 25 years were collected,
comprising 91 cases of L. infantum and 15 cases of D. immitis infection.
No cases of D. repens were identified. Two (2/106 (1.9%)) dogs were co-
infected with both L. infantum and D. immitis. Infected dogs resided
predominantly in regions bordering Italy, with additional cases of
L. infantum identified in northern Ticino (Fig. 1B).

Among the 91 dogs with L. infantum infection, 30/91 (33.0%) had
died and 2/91 (2.2%) were lost to follow-up (Table 4). Most dogs had
been directly imported from Italy (61/91 (67.0%)), followed by Spain
(11/91 (12.1%)) (Table 4). Travel history after diagnosis was unavai-
lable for 71/91 (78.0%) dogs. Of the 20 dogs with documented travel
history, three had not travelled after their diagnosis, while the remain-
ing ones had primarily travelled to Italy, but also to Spain, Sri Lanka,
southern France, and Croatia. Approximately a quarter (24/91 (26.4%))
lived with at least another dog. Co-infections were documented in 24/91
(26.4%) dogs, primarily Ehrlichia canis (Table 4). Serological antibody
testing was the most frequently used diagnostic method (86/91
(94.5%)). In addition, a substantial proportion of veterinarians con-
ducted haematological and serum biochemical analyses, both at the
initial assessment (65/91 (71.4%) and 65/91 (71.4%), respectively) and
during follow-ups (45/91 (49.5%) and 39/91 (42.9%), respectively)
(Table 5). Almost half (42/91 (46.2%)) of the dogs presented with
dermatological lesions associated with L. infantum infection (Table 6).
The most frequent serum biochemistry and haematology abnormalities
were decreased A:G (46/63 (73.0%)) and anaemia (19/65 (29.2%)),
respectively (Table 6). Pathological renal proteinuria was observed in
13/38 (34.2%) dogs (Table 6). Based on available diagnostics, fewer
than half of the dogs could be clearly staged according to LeishVet
guidelines, with stages Ila and III reported at similar frequencies
(Table 6). A total of 84/91 (92.3%) dogs received allopurinol, of which
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Fig. 2. Clinical signs observed in dogs with A) Leishmania infantum or B) Dirofilaria immitis infection based on a survey among 44 veterinarians in the canton of
Ticino, southern Switzerland.

Table 3
Compounds used by 36 veterinarians in relation to leishmaniosis stages based on a survey in the canton of Ticino, southern Switzerland. Percentages were rounded to
one decimal place; consequently, their sum may not equal exactly 100%.

Asymptomatic  Clinically ill without impairment  Clinically ill with impaired kidney Clinically ill with impaired kidney
of kidney function function, IRIS stage 1-2 CKD function, IRIS stage 3-4 CKD
n (%) n (%) n (%) n (%)

Monotherapy 21 (58.3%) 8 (22.2%) 13 (36.1%) 14 (38.8%)
Allopurinol 19 (52.7%) 8 (22.2%) 8 (22.2%) 10 (27.7%)
Domperidone 2 (5.6%) 0 (0%) 2 (5.6%) 1 (2.8%)
Miltefosine 0 (0%) 0 (0%) 3 (8.3%) 3 (8.3%)
Combination therapy 6 (16.7%) 27 (75%) 22 (61.1%) 20 (55.6%)
Allopurinol + Meglumine antimoniate 0 (0%) 2 (5.6%) 1 (2.8%) 0 (0%)
Allopurinol + Miltefosine 3(8.3%) 17 (47.2%) 13 (36.1%) 11 (30.6%)
Allopurinol + Domperidone 3 (8.3%) 2 (5.6%) 1 (2.8%) 4 (11.1%)
Miltefosine + Domperidone 0 (0%) 0 (0%) 0 (0%) 2 (5.6%)
Allopurinol + Miltefosine 0 (0%) 4 (11.1%) 6 (16.6%) 3 (8.3%)

+ Domperidone
Allopurinol + Meglumine 0 (0%) 1 (2.8%) 1 (2.8%) 0 (0%)

antimoniate + Domperidone
Allopurinol + Miltefosin + 0 (0%) 1 (2.8%) 0 (0%) 0 (0%)

Meglumine antimoniate
No treatment 9 (25.0%) 1 (2.8%) 1 (2.8%) 2 (5.6%)
Total 36 (100%) 36 (100%) 36 (100%) 36 (100%)

CKD= chronic kidney disease, IRIS= International Renal Interest Society, n = number, % = percentage.
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Table 4

Signalment and epidemiological characteristics of dogs infected with Leishmania
infantum (n = 91) or Dirofilaria immitis (n = 15) living in the canton of Ticino,
southern Switzerland, based on retrospectively analysed medical records over
the last 25 years from seven veterinary practices and the Clinic for Small Animal
Internal Medicine, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland.
Age groups in years defined according to Creevy et al. (2019). (*: multiple re-
sponses were allowed). Percentages were rounded to one decimal place;
consequently, their sum may not equal exactly 100%.

L. infantum D. immitis

n % n %
Vital status
Dead 30 33.0 3 20
Lost to follow-up 2 2.2 2 13.3
Alive 59 64.8 10 66.7
Age (dogs alive)
Puppy (< 2 years) 0 0 0 0
Young adult (2-4 years) 4 6.8 0 0
Mature adult (5-8 years) 24 40.7 4 40.0
Senior (> 9 years) 31 52.5 6 60.0
Sex
Female 49 53.8 7 46.7
Male 42 46.2 8 53.3
Castration status
Yes 60 65.9 11 73.3
No 19 20.9 4 26.7
Chemical 1 1.1 0 0
Unknown 11 12.1 0 0
Breed
Crossbred 61 67.0 9 60.0
Purebred 30 33.0 6 40.0
Size
Small (< 10 kg) 12 13.2 1 6.7
Medium (10-30 kg) 57 62.6 8 53.3
Large(> 30 kg) 20 22.0 2 13.3
Unknown 2 2.2 4 26.7
Coat
Short 41 45.0 7 46.7
Medium length 21 23.1 3 20.0
Long 3 3.3 0 0
Unknown 26 28.6 5 33.3
Age at diagnosis
Puppy (< 2 years) 12 13.2 1 6.7
Young adult (2-4 years) 27 29.6 7 46.6
Mature adult (5-8 years) 16 17.6 3 20.0
Senior (> 9 years) 6 6.6 0 0
Unknown 30 33.0 4 26.7
Time between importation and seropositivity/clinical signs
< 2 years 25 27.5 8 53.3
2-4 years 12 13.2 0 0
5-8 years 1 1.1 0 0
> 9 years 0 0 0 0
Unknown 25 27.5 3 20.0
Already positive at import 28 30.7 4 26.7
Living with other dogs
Yes 24 26.4 1 6.7
No 24 26.4 8 53.3
Unknown 43 47.2 6 40.0
Country of origin
Italy 61 67.0 12 80.0
Spain 11 12.1 0 0
France 1 1.1 0 0
Greece 1 1.1 0 0
Bosnia 1 1.1 1 6.7
Ukraine 0 0 1 6.7
Morocco 1 1.1 0 0
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Table 4 (continued)

L. infantum D. immitis

n % n %
Switzerland 7 7.7 0 0
Unknown 8 8.8 1 6.7
Co-infections* 24 26.4 3 20.0
Anaplasma phagocytophilum 2 2.2 0 0
Babesia spp. 8 8.8 1 6.7
Ehrlichia canis 10 11.0 0 0
Anaplasma platys 0 0 0 0
Rickettsia spp. 3 3.3 1 6.7
Thelazia spp. 5 5.5 2 13.3
Borrelia burgdorferi sensu lato 1 1.1 0 0
Use of repellents against mosquitoes
Yes 52 57.1 5 33.3
No 34 37.4 8 53.4
Unknown 5 5.5 2 13.3
Prevention against D. immitis
Yes 71 78.0 12 80.0
No 15 16.5 1 6.7
Unknown 5 5.5 2 13.3

n = number, % = percentage.

14/84 (16.7%) experienced adverse effects, primarily xanthine crystals
or stone formation. A minority of dogs (8/91 (8.8%)) were fed a low-
purine diet. Twelve (12/91 (13.2%)) dogs received allopurinol com-
bined with meglumine antimoniate, including three dogs that were
already on this combination prior to importation from Italy. Combina-
tion therapy with allopurinol and miltefosine was administered to 49/91
(53.8%) dogs, including three previously treated with meglumine anti-
moniate. Additional treatments included domperidone (7/91 (7.7%))
and prednisolone (6/91 (6.6%)). Repellent protection against mosqui-
toes was used in 52/91 (57.4%) dogs. Of the 30 deceased dogs, 10/30
(33.3%) were assumed to have died from canine leishmaniosis, pri-
marily due to deteriorating general condition, end-stage kidney disease,
or owner-initiated euthanasia.

Among the 15 dogs with D. immitis infection, 3/15 (20.0%) had died
and 2/15 (13.3%) were lost to follow-up (Table 4). Twelve dogs (12/15
(80%)) had been imported from Italy (Table 4). Travel history was not
documented in any of the cases. One dog (1/15 (6.7%)) lived with
another dog in the same household. Co-infections were reported in three
dogs (2/15 (13.3%) Thelazia sp., 1/15 (6.7%) Babesia sp. and Rickettsia
sp.) (Table 4). Typical clinical signs were observed in 2/15 (13.3%)
dogs, including chronic cough and reduced general condition with
vomiting. Diagnosis was primarily based on blood analyses (Table 5),
which revealed eosinophilia (3/10 (30.0%)) and hyper-
gammaglobulinemia (3/10 (30.0%)). Microfilariae detection was per-
formed mainly using the Knott test (6/15 (40.0%)). Surgical removal of
adult heartworms was performed in 2/15 (13.3%) dogs, and adulticide
therapy with melarsomine was administered to 8/15 (53.3%) dogs.
Microfilaremia treatment included milbemycin oxime (5/15 (33.3%))
and moxidectin (1/15 (6.7%)); treatment regimens were unknown in
three cases (3/15 (20%)). Overall, 12/15 (80.0%) dogs received
anthelminthic prophylaxis against D. immitis.

4. Discussion

This study aimed to provide insights into the current epidemiological
situation and clinical management of L. infantum and Dirofilaria spp.
infections in dogs in the canton of Ticino, southern Switzerland, as an
example of region at risk for endemic establishment. The combination of
questionnaires among all stakeholders and a retrospective analysis of
106 clinical cases spanning the past 25 years represents a major strength
of this study. While survey-based research allows for the efficient in-
clusion of a large number of participants within a short time period
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Table 5

Diagnostic tests performed upon first assessment and follow-ups in dogs with
Leishmania infantum or Dirofilaria immitis infection residing in the canton of
Ticino, southern Switzerland, based on retrospectively analysed medical records
over the last 25 years from seven veterinary practices and the Clinic for Small
Animal Internal Medicine, Vetsuisse Faculty, University of Zurich, Zurich,
Switzerland. *: multiple responses were allowed.

First assessment Follow-ups
Diagnostics Leishmania infantum* n % n %
Blood analysis
Haematology 65 71.4 45 49.5
Only leukocyte count 1 1.1 0 0
Serum biochemistry 65 71.4 39 42.9
Only kidney values 5 5.5 9 9.9
Only proteins 0 0 2 2.2
Only kidney values and proteins 5 5.5 6 6.6
Only electrolytes 1 1.1 0 0
CRP 3 3.3 1 1.1
Urinalysis
Urinalysis with dipstick 50 54.9 21 23.1
UPCR 38 41.8 20 22.0
Pathogen detection
Serology (antibody titre: IFAT, ELISA) 86 94.5 41 45.1
Rapid test antibody 12 13.2 0 0
PCR blood 1 1.1 1 1.1
Cytology of lymph nodes 8 8.8 1 1.1
Cytology of bone marrow 1 1.1 0 0
Serum protein electrophoresis 23 25.3 18 19.8
Histology of skin biopsy 1 1.1 1 1.1
PCR conjunctival swab 1 1.1 0 0
Arthrocentesis for synovial fluid analysis 3 3.3 0 0
Testing for co-infections 44 48.4 0 0
Diagnostics Dirofilaria immitis* n % n %
Laboratory blood examination
Haematology 10 66.7 2 13.3
Serum biochemistry 10 66.7 4 26.7
Urinalysis
Urinalysis with dipstick 6 40.0 2 13.3
UPCR 6 40.0 1 6.7
Pathogen detection
Rapid test antigen 9 60.0 0 0
Blood smear 3 20.0 0 0
Difil test 5 33.3 1 6.7
Knott test 6 40.0 2 13.3
PCR blood 1 6.7 0 0
Ultrasound of the heart 5 33.3 0 0
Testing for co-infections 8 53.3 0 0

CRP= C-reactive protein, PCR= polymerase chain reaction, UPCR= urine
protein-to-creatinine ratio, IFAT= immunofluorescence antibody test, ELI-
SA= enzyme-linked immunosorbent assay, n = number, % = percentage.

(Hennink and Kaiser, 2022; Goodfellow, 2023), it is inherently limited
by recall bias. The retrospective evaluation of over 100 cases from areas
with frequent reports further strengthens the findings by confirming
patterns identified in the questionnaires and providing insight into
real-world clinical management.

Previous epidemiological studies have mainly focused on regions with
established endemicity (Lopes et al., 2024; Lladro et al., 2017). For Ticino,
the presence of competent vectors of L. infantum has been reported, indi-
cating a potential risk for autochthonous infections and the endemic
establishment of canine leishmaniosis, despite lower abundance compared
to known endemic areas (Ravasi et al., 2024; Schaffner et al., 2024). Given
climate change-driven temperature increases and rising imports of dogs
from endemic regions into Switzerland (Mettler et al., 2005; Ravasi et al.,
2024; Reference Amicus), continuous epidemiological surveillance, vet-
erinary awareness, and national prevention strategies are essential to
prevent local establishment of these vector-borne zoonoses. In this study,
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most infected dogs resided in central and southern Ticino, which corre-
sponds to the regions with a higher human population density, while
northern alpine regions are less densely inhabited (Brinkhoff, 2025).
Overall, the predominance of L. infantum infections over D. immitis in-
fections is consistent with the endemic distribution and prevalence of these
pathogens in the dogs’ countries of origin, particularly Italy and Spain
(Mendoza-Roldan et al., 2020; Diaz-Reganon et al., 2020). Notably, all but
one dog had a history abroad, with this single exception for one dog
infected with D. immitis, potentially representing a local infection, although
inaccurate reporting cannot be fully excluded.

Veterinary practitioners demonstrated awareness of infection risks,
routinely inquiring about the dog’s origin, duration since import into
Switzerland, and travel abroad. Medical records generally included
country of origin and import dates; however, post-import travel history
was often incomplete, highlighting an area for improvement. Schafer et al.
(2019) demonstrated that even short trips to endemic areas pose a signif-
icant risk of infection, emphasizing the importance of including this in-
formation in the medical history. Dogs were routinely tested for
vector-borne infections abroad prior to import, which represents an
important preventative measure (Menn et al., 2010). However, repeated
testing of initially seronegative dogs was reported in one single shelter
(with analyses conducted up to four months post-importation). Given that
the incubation period of L. infantum may extend from several months to
years (Slappendel, 1988; Mettler et al., 2005), follow-up testing is war-
ranted, ideally at six-month intervals (Solano-Gallego et al., 2011), and
also reliable detection of D. immitis through diagnostic tests is possible
earliest 5-6 months post-infection (American Heartworm Society (AHS),
2020; Deplazes et al., 2012). Mettler et al. (2005) reported that most of the
dogs with L. infantum infection imported into Germany developed clinical
signs within a time frame of one month to three years after importation or
travel exposure. However, one dog developed the disease as late as eight
years after import from Italy. Such long incubation periods must be taken
into account when obtaining the clinical history and performing diagnostic
tests, particularly in dogs originating from shelters. Nevertheless, autoch-
thonous transmission should be considered if any history of travel abroad
— even in the distant past — can be reliably excluded. Despite a broad
spectrum of observed clinical signs, many infected dogs remained clini-
cally unremarkable, consistent with previous studies from German
speaking countries (Mettler et al., 2005). Similarly, in a study performed in
Portugal 64% of D. immitis infected dogs were asymptomatic
(Vieira et al., 2014). Such infected but asymptomatic dogs represent a
significant risk of further transmission (Solano-Gallego et al., 2001), as it
requires higher commitment to test them regularly despite absence of
suggestive clinical signs. ELISA and IFAT performed at external labora-
tories were the primary diagnostic tools for L. infantum infection, providing
higher sensitivity than point-of-care tests and enabling accurate infection
status determination (Solano-Gallego et al., 2014).

Our results suggest that prophylactic measures could be optimized:
although all shelters implemented preventive medications, they did not
consistently cover all relevant parasites. Ideally, topical repellents
should be applied upon arrival and the application repeated depending
on the recommended frequency of use for the respective active ingre-
dient for the duration of the vector season, comparable to macrocyclic
lactones that should be administered monthly in potentially endemic
areas such as southern Switzerland. Resistance of D. immitis to macro-
cyclic lactones is widely spread in the United States of America
(Pulaski et al., 2014), but in Europe this has been reported in a single dog
imported from the United States of America to Italy (Traversa et al.,
2024). While the survey among veterinarians reported high repellent
coverage, retrospective data showed that only half of the dogs were
adequately protected. This discrepancy may reflect limited owner
awareness regarding the importance of consistent prophylaxis, as
corroborated by the owner survey. However, the low number of survey
responses from dog owners limits the generalization of this finding.

Overall, survey and retrospective data indicate that the clinical
management of infected dogs is generally appropriate and that
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Table 6
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Clinical signs, laboratory abnormalities, urinalysis findings, and LeishVet stage at first presentation in 91 dogs with Leishmania infantum infection residing in the canton
of Ticino, southern Switzerland, based on retrospectively analysed medical records over the last 25 years from seven veterinary practices and the Clinic for Small
Animal Internal Medicine, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland. *: multiple responses were allowed.

Clinical signs*

Laboratory abnormalities

Urinalysis findings

LeishVet stage

n %
Cutaneous lesions 42/91 46.2 Increased CRP
Reduced A:G Ratio
Coat changes 23/91 25.3 Hypergammaglobulinemia
Lymphadenopathy 21/91 23.1 Anaemia
Thrombocytopenia
Ophthalmological changes 16/91 17.6 Hypoalbuminemia
Lameness 16/91 17.6 Leukopenia
Reduced general condition 15/91 16.5 Leucocytosis
Weight loss 13/91 14.3 Eosinophilia
Hyporexia 9/91 9.9 Azotaemia
Diarrhoea 9/91 9.9
Onychogryphosis 6/91 6.6
Polydipsia 6/91 6.6
Polyuria 5/91 5.5
Fever 3/91 3.3
Epistaxis 3/91 3.3
Neurological changes 1/91 1.1

n % n % n %
3/3 100 UsG I 3/91 3.3
46/63 73.0
14/23 60.9 > 1030 23/50 46.0 IIa 15/91 16.5
19/65 29.2 1013-1029 22/50 44.0 IIb 3/91 3.3
12/65 185
11/70 15.7 1008-1012 3/50 6.0 1L 15/91 16.5
9/66 13.6 < 1008 2/50 4.0 v 1/91 1.1
8/66 121 UPCR n.d. 54/91 59.3
6/66 9.1 <0.2 15/38 39.5
6/70 8.6 0.2-0.5 10/38 26.3

> 0.5 13/38 34.2

Anaemia, hypergammaglobulinemia, thrombocytopenia, hypoalbuminemia, leukopenia, leukocytosis, eosinophilia, azotaemia, and increased C-reactive protein were
defined based on the respective reference intervals of the in-house or external laboratory performing the analyses. Globulin concentration was retrospectively
calculated as the difference between total protein and albumin. The albumin-to-globulin (A:G) ratio was subsequently determined and considered decreased if < 0.89
(Willard and Tvedten, 2012). CRP=c-reactive protein, USG= urine specific gravity, UPCR= urine protein-to-creatinine ratio, A:G= albumin: globulin, n.d.= not

defined, n = number of dogs, % = percentage.

practitioners are familiar with current guidelines. Nevertheless, in the
retrospective evaluation, more than half (54/91 (59.3%)) of dogs with
L. infantum infection could not be assigned to a LeishVet stage due to
incomplete diagnostics, particularly the absence of UPCR measure-
ments. This contrasts with the findings of a recent questionnaire-based
survey among 149 veterinarians in Switzerland, in which 84.6% of re-
spondents reported performing urinalysis (Gamperli et al., 2026). One
possible explanation is that some of the retrieved medical records were
relatively old and originated from periods when the clinical conse-
quences of pathological renal proteinuria were less well recognized and
diagnostic workups were less comprehensive, partly because of financial
limitations or lower owner willingness to pursue further diagnostics and
treatments. Comprehensive assessment at the initial consultation,
including clinical signs, blood work (haematology, total protein, albu-
min, creatinine and urea concentration, and antibody titre), and uri-
nalysis with UPCR would facilitate accurate staging and a more targeted
prognostic and therapeutic management (Solano-Gallego et al., 2011).
Determination of the UPCR is crucial, as pathological renal proteinuria
is commonly observed in canine leishmaniosis (affecting one-third of
dogs in this study). It also enables the timely initiation of antiproteinuric
treatment, thereby helping to delay the progression of kidney disease
(Brown et al., 2013; Gamperli et al., 2026).

In line with the current recommendations, the first-line treatment for
canine leishmaniosis typically includes the parasitostatic compound allo-
purinol (Cavaliero et al., 1999; Koutinas et al., 2001; Pennisi et al., 2005),
administered for at least six months to control parasite burden and reduce
relapse risk (Baneth and Shaw, 2002; Plevraki et al., 2006). According to
previous studies, allopurinol therapy may provide adequate therapeutic
efficacy in early, non-azotemic stages of the disease, particularly in
non-endemic regions (Helm et al., 2013). Allopurinol can be combined
with aleishmanicidal agent, such as meglumine antimoniate or miltefosine
(Manna et al., 2015), chosen based on disease stage, degree of renal
involvement, and comorbidities (Kaempfle et al., 2025). Only a minority of
veterinarians in Ticino prescribed a low-purine diet in combination with
allopurinol therapy. This measure is important to reduce the risk of
xanthine crystal/urolith formation and associated urinary complications
(Torres et al., 2011; Roura et al., 2021; Jesus et al., 2022). A possible
explanation is that some veterinarians were not familiar with these studies,
or they recommend the diet, but pet owners may be reluctant to change

their dogs’ food.

For the diagnosis of D. immitis infection, routine blood analysis may
already provide an initial indication of infection. The most commonly
reported haematological findings in affected dogs include non-
regenerative anaemia, thrombocytopenia, leucocytosis with neutro-
philia, eosinophilia and basophilia (Bendas et al., 2022). Eosinophilia,
which was the predominant bloodwork abnormality in this study, is
typically associated with chronic infection and is particularly pro-
nounced in cases with pulmonary involvement as a reaction to the
presence of worms (Lilliehook et al., 2000). In this study, the Knott test
was frequently employed to detect microfilariae during the diagnostic
evaluation of D. immitis cases. All dogs living in or returning from po-
tential endemic areas should be tested for blood microfilariae (followed
by PCR analyses) or for circulating antigens. Not all D. immitis-infected
dogs received a therapy targeting both adult worms and microfilariae, as
recommended by current guidelines (American Heartworm Society
(AHS), 2020; Reference ESCAPP). The elimination of microfilariae using
macrocyclic lactones is particularly important, as untreated micro-
filariae may persist in the bloodstream for years, serving as a source of
infection for mosquitoes and posing a potential risk for the establish-
ment of local transmission cycles (American Heartworm Society (AHS),
2020; Reference ESCAPP).

The monitoring and treatment of both infections, D. immitis and
L. infantum, may entail high costs for the animal owners: even though
the here mentioned amounts were less than 1000 Swiss francs (approx.
1085 euros), previous studies from 2005 indicated that for instance the
follow-up of Leishmania-infected dogs may cost up to 5800 euros
(Mettler et al., 2005).

Some limitations must be acknowledged. The questionnaire-based
component may be subject to selection bias and recall bias; however,
broad participation and consistency of responses across multiple stake-
holder groups support the representativeness and validity of the data. At
least one person from each veterinary practice in Ticino was contacted,
ensuring broad coverage across the surveyed practices. In the interview
component, interviewer-related factors such as wording, facial expres-
sions, and gestures of the interviewer may introduce bias
(Bonaccio et al., 2016; Roberts, 2020). Conducting all interviews by the
same two investigators minimized interviewer-related bias. In the retro-
spective analyses, laboratory parameters were analysed; however,
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different laboratories were used across practices and, in some cases, even
for individual patients. This resulted in varying reference ranges, which did
not allow direct comparison of the laboratory values. To reduce this limi-
tation, the analysis focused on abnormal findings, defined according to the
reference values of the respective laboratories.

5. Conclusion

Our results indicate a potential risk of the endemic establishment of
important vector-borne zoonotic pathogens in Ticino (i.e. L. infantum
and D. immitis). Fortunately, veterinarians have demonstrated a high
level of risk awareness: many dogs without clinical signs were identified,
monitored, or treated. Timely diagnostic testing and preventive
measures—particularly the consistent use of repellents—should be
further promoted, as they are the primary and most accessible in-
terventions for effective disease prevention.

Dirofilaria repens infection was not detected in the present study,
likely reflecting its low prevalence (or current absence). However,
because infected dogs are frequently subclinical, underdiagnosis cannot
be excluded. Continued awareness of this parasite should therefore be
maintained, particularly in dogs with relevant risk factors, also taking
into account the zoonotic potential.
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