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ARTICLE INFO ABSTRACT

Keywords: Dogs infected with Leishmania infantum have been increasingly reported in the UK mostly related to imported/
Dog travelled dogs. Up-to-date epidemiologic data are essential for a better control of this zoonotic disease in such
emerging areas. This study aimed for the first time, to estimate the percentage and temporal variation of dog and
cat samples testing positive for L. infantum infection at commercial diagnostic laboratories, and to describe the
travel history of positive dogs and cats positive to leishmaniosis in a network of UK veterinary practices.
Leishmania infantum serology and PCR data were collected by the Small Animal Veterinary Surveillance Network
(SAVSNET) from five UK national veterinary diagnostic laboratories between 2010 and 2022 and were analysed.
In addition, electronic health records (EHRs) were collected from 251 veterinary practices across the UK between
March 2014 and September 2022. Text mining tools were used to identify cases compatible with clinical
leishmaniosis as recorded in the clinical narratives; these were subsequently manually validated. Data from a
total of 25,327 diagnostic samples (25,201 from dogs and 126 from cats) were analysed including 20,517 sera
tested by either quantitative ELISA or IFAT, and 4810 by PCR. Leishmania infantum antibodies were detected in
39.7 % of tested dog samples and 1.07 % of cat samples. In dogs, seropositivity increased from 2013 to 2022.
Leishmania DNA was only detected by PCR in samples from dogs (11.8 %). A total of 368 dogs with canine
leishmaniosis (CanL) were identified from clinical narratives. Of these, 189 had either visited, or were rescued/
imported from, Spain, Greece, Cyprus and other southern European countries. Among factors associated with
Canl in the UK canine population, dogs between 3 and 6 years of age were 4.71 times more likely to have CanL
than those two years or younger. In addition, there was an increased risk of having recorded CanL clinical cases
from 2017 to 2022, compared to 2014. Southeast of England was the UK region that accounted for the highest
number of CanL cases (34.51 %). This study provides recent trends in Leishmania infection in dogs in the UK,
identifies risk factors and countries likely associated with imported cases, and provides important insights to help

Electronic health records
Leishmania infantum
United Kingdom
SAVSNET

plan and monitor national intervention strategies.

1. Introduction for human infection (Baneth et al., 2008; Mir¢ et al., 2008). Moreover,
L. infantum may infect a wide range of mammals, including cats (Alcover

Canine leishmaniosis (CanL) is a widespread zoonotic endemic dis- et al., 2021), horses (Leonel et al., 2021), wild carnivores (red foxes,
ease in Europe, primarily at the Mediterranean basin, where Leishmania badgers or wolves) (Del Rio et al., 2014) and other wild mammals living
infantum is its causative agent and dogs the main peridomestic reservoir in zoo parks (Mir¢ et al., 2018). The parasite is transmitted to humans
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and animals by blood-sucking phlebotomine sandflies (Killick-Kendrick,
1990). Additionally, other non-vectorial routes (e.g. blood transfusion,
vertical, venereal) can be involved in the Leishmania transmission
(Ferreira-Silva et al., 2018; Naucke et al., 2016). In the United Kingdom,
the presence of a competent sandfly vector species for CanL has not been
reported so far; hence, this parasitic infection is not considered an
endemic disease.

Leishmania infantum infection in dogs can cause an often fatal disease
with a wide range of general clinical manifestations including general-
ized lymphadenomegaly, lethargy and weight loss. Following the
infection, various cutaneous, ocular, vascular and neurological disorders
may develop. In most cases, clinicopathological disorders compatible
with this disease are present (LeishVet, 2024). Usually, sick dogs need
long-term therapy and monitoring throughout life (Solano-Gallego
et al., 2009). This implies that for the correct clinical management of
CanL both committed owners and veterinarians with knowledge about
this disease are needed.

Specific tests are available for the diagnosis of L. infantum infection in
dogs showing clinical signs suggestive of CanL. In addition, they may
also be carried out to detect infection of apparently healthy dogs trav-
elling to, or from, endemic CanL areas (blood donors, breeding dogs,
prior to CanL vaccination, imported dogs or as part of the annual check
of leishmaniosis in dogs residing in an endemic area). Direct CanL tests
include the microscopical identification of the intracellular form of the
parasite (amastigotes) and the molecular detection of parasite DNA from
infected tissues by PCR (e.g., bone marrow, lymph node, skin, spleen,
etc.). PCR is a more sensitive method than microscopy (Solano-Gallego
et al., 2009). Indirect tests are based on detecting anti-L. infantum IgG in
serum samples. Among these, quantitative techniques are the method of
choice, with the enzyme-like immunosorbent assay (ELISA) and immu-
nofluorescence antibody test (IFAT) being most common (World Orga-
nisation for Animal Health (WOAH), 2021).

In non-endemic areas such as the United Kingdom, CanL may
represent a challenge for practitioners due to the wide range of clinical
manifestations and a relative lack of clinical familiarity. However, both
globalization including increasing travel of dogs as well as climate
change may promote the emergence of canine vector-borne diseases in
new geographical areas. Most L. infantum infected dogs found in non-
endemic areas have been relocated from, or travelled with their
owners, to endemic regions (Maia and Cardoso, 2015; Teske et al.,
2002). Indeed, over recent years, Leishmania infected dogs showing
clinical signs or clinicopathological abnormalities have been reported in
the UK (Shaw et al., 2009; Silvestrini et al., 2016); in large part, these
dogs have been infected in CanL endemic countries, being either dogs
“rescued” from continental Europe and re-homed in the UK or dogs that
accompanied their owner on holidays to CanL-endemic countries. In
addition, a recent study found that 14.8 % of overseas rescue dogs in the
UK tested positive for L. infantum (Norman et al., 2020).

Regarding dogs travelling in Europe, the non-commercial movement
of companion animals (dogs, cats, and ferrets) is regulated under the
European Union (EU) Pet Travel scheme (PETS; EU Reg. 576/2013),
which include rabies vaccination, treatment against Echinococcus mul-
tilocularis, EU Pet Passport with Animal Heath Certificate and microchip.
A more restrictive scheme governs the movement of companion animals
from a shelter between Member States when it implies the transfer of
ownership of the animal following the Balai Directive (EU 92/65/ECC).
This regulation includes a veterinary health check within 48 hours
before travel and a health certificate issued by an Official Veterinarian.
Interestingly, 89 % of imported rescue dogs came to the UK under PETS
(Norman et al., 2020).

Diseases such as CanL may be more easily controlled in countries like
the UK, where competent vectors are absent. However, additional non-
vectorial routes of transmission may be involved both in endemic and
non-endemic areas, such as blood transfusion, vertical, venereal, and
dog-to-dog transmission (Duprey et al., 2006; Ferreira-Silva et al., 2018;
Naucke et al., 2016; Naucke & Lorentz, 2012; Silva et al., 2009; Vida
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et al., 2016). In fact, between 2019 and 2020, three autochthonous cases
(dogs with no travel history) were reported in the UK. Two of these cases
were most likely associated with dog-to-dog transmission and the other
with vertical transmission (McKenna et al., 2019; Wright and Baker,
2019; Wright and Moral-Gant, 2020). Nevertheless, updated informa-
tion on the scale of Leishmania infection in resident dogs within the UK
and their geographical distribution is lacking.

Using health data from a large sentinel network of UK veterinary
practices and laboratories, this study aimed, for the first time, to esti-
mate (i) the percentage and temporal variation of dog and cat samples
testing positive for L. infantum infection at participating commercial
diagnostic laboratories, and (ii) to describe the clinical picture, treat-
ment and travel history of dogs with recorded leishmaniosis in veteri-
nary practices. Such national level statistics are fundamental if control of
this pathogen is to be achieved.

2. Material and methods

This study used data collected between 2010 and 2022 by the Small
Animal Veterinary Surveillance Network (SAVSNET) on leishmaniosis in
pet dogs and cats from two different sources: commercial veterinary
diagnostic laboratories and veterinary practices in the UK (Fig. 1). Both
practices and laboratories are recruited by convenience and represent a
sentinel network for data collection across the UK (Tulloch et al., 2017).
The selected time for the two datasets was the maximum possible for
which records were available. SAVSNET has been collecting EHRs from
veterinary practices since March 2014, while electronic data from vet-
erinary diagnostic laboratories were available from 2010 onwards. Data
collection and use by SAVSNET is ethically approved by the University
of Liverpool Research Ethics Committee (RETH000964).

2.1. Laboratory data collection

Leishmania infantum serology and PCR data from five veterinary
diagnostic laboratories were collected electronically between June 2010
and October 2022 and were analysed. Within that period, 25,327 rele-
vant test results were recorded from 25,201 dog and 126 cat samples as
follow: 20,424 dog serology results obtained by ELISA (n=15,275) or
IFAT (n=5149); 4777 dog PCR results; 93 cat serology results obtained
by ELISA (n=63) or IFAT (n=30) and 33 cat PCR results (Fig. 1).

Test result data were collected from canine and feline samples sub-
mitted by UK veterinary surgeons specifically for the diagnosis of
L. infantum infection to the laboratories participating in SAVSNET.
Therefore, most of the samples may correspond to a dog with a clinical
suspicion of leishmaniosis, either due to presenting compatible clinical
signs or because they have travelled or are going to travel to an endemic
area for CanL. Duplicated and discordant results were removed when
repeated tests were conducted on the same sample. However, due to the
sensitivity of these data, each tested sample could not be linked to the
individual dog of origin, therefore samples taken from the same animal
at different time points cannot be identified and may have been included
in the analysis.

For samples tested, the following electronic health data were
captured: species, breed, sex and age of the animal, date of the diagnosis,
diagnostic technique, test result and postcode area of the submitting
veterinary practice.

Specific serological and molecular tests were interpreted according
to the reference range established by the corresponding laboratory.
Results from quantitative ELISA and IFAT assays were collected to detect
specific serum antibodies (IgG) against L. infantum. The serology dataset
was analysed by classifying the dogs as positive or negative, as the
quantitative data were not comparable between laboratories. Molecular
diagnostic methods (PCR and qPCR) were used to detect Leishmania spp.
DNA. For DNA positive samples, the cycle threshold (Ct), number or
number of parasites per ml of blood or, number of parasites per million
cells were also collected where available. The samples tested by PCR
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Fig. 1. Diagram of the data extraction process from SAVSNET. Classification of the data from veterinary diagnostic laboratories according to the diagnostic technique
used and the positive or negative result, and the criteria used to extract consultations where a case of CanL was identified in the clinical narratives.

included blood, skin biopsy, bone marrow or lymph node aspirates and
conjunctival swabs; this information was not recorded for all samples.

2.2. Veterinary practice data collection

Electronic health records (EHRs) were collected in real-time through
SAVSNET from 251 volunteer veterinary practices across the UK be-
tween March 2014 and September 2022 (Brant et al., 2021). Briefly,
SAVSNET collects data on consultations including the age, sex, species
and breed of the patient, any treatments prescribed, the postcode of the
owner, and the free text clinical narrative written by the attending
practitioner.

Text mining tools based on regular expressions (regex) were used to
identify suspect leishmaniosis clinical cases based on text in the clinical
narratives (supplementary material 1); retrieved consultation narratives
were subsequently read by a veterinarian to identify those consultations
that met the case definition (Fig. 1), namely (i) a sick animal tested

positive for leishmaniosis using microscopy, serology and/or PCR, or (ii)
an animal on treatment for CanL (in which case we presumed a previous
diagnosis), or (iii) an animal that had received treatment for leishma-
niosis and was being monitored. For each unique consultation that met
the case definition additional data were retrieved including sex, neuter
status, breed, age, date of the consultation, treatment, and the owner’s
post-code. Using each unique animal identification number, all consul-
tations from the same animal were extracted to generate a more com-
plete picture of leishmaniosis cases in this population including clinical
signs, any treatment administrated, outcome, and any recorded travel
history.

To determine risk factors for recorded leishmaniosis cases, a retro-
spective case-control study was carried out. Control consultations that
were not identified by the regex were randomly selected from the entire
canine SAVSNET database at a ratio of 1 case: 5 controls.
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2.3. Statistical analysis

Data captured for dog samples tested (the diagnostic laboratory
dataset) were analysed using the software package R (version 4.2.2).
Descriptive proportions of positive dog samples tested by serology and/
or PCR (number of positive samples divided by the total dog samples
submitted for Leishmania infection/disease diagnosis) and the confi-
dence intervals were calculated (Wilson method). Seven categorical
variables were included: breed, sex, reproductive status and age of the
dog, geographical region of submitting veterinary practice (NUTS 1
level), month and year of the sample submission. Due to the large
number of dog breeds, this categorical variable was summarised to
standardised breed terms according to the Fédération Cynologique Inter-
nationale (FCI) (https://www.fci.be/en/) and then categorised into
thirteen breed groups: ten groups according to breed aptitude, cross-
breeds, unclassified (breeds not yet classified) and unknown (breed not
recorded). When samples from the same dog and day were submitted for
diagnosis by both PCR and serology (samples with the same identifica-
tion number), a single sample was included in the analysis: a dog was
considered positive when it had a positive result either by PCR or IFAT;
and negative when both tests were negative. Subsequently the chi-
square test was used to assess associations between categorical vari-
ables and the L. infantum positive result. Significance was set at P < 0.05.
The standardized residuals were calculated to assess the strength of the
difference between observed and expected values. When the standard-
ized residual was > 2, then a strong significant difference was
considered.

For the retrospective case-control study (the veterinary practices
dataset), univariable and multivariable logistic regression models were
performed, using R version 4.2.2 software. Significance was also set at P
< 0.05. The same seven explanatory categorical variables as for the
analysis of the diagnostic laboratory dataset were included, but in this
case with recorded data from the CanL cases (sex, neutered status, age,
FCI breed group, NUTS 1 level region where the dog lived, month and
year of the consultation). An initial multivariable regression model
included all variables (Ireland (NUT 1 level: UKN) was removed from the
multivariable regression due to there being no cases); a backward se-
lection method was used. The variable chosen to remove was decided
from computing an Analysis of Variance (ANOVA) on the regression
coefficients after each logistic regression model to assess the significance
of the variables left in the model and removing the variable with the
highest p-value. This process was repeated until all variables left in the
model were significant. Interaction terms of the variables were assessed
separately. However, none were found to be significant and therefore
were not included in subsequent models. The Akaike information cri-
terion (AIC) scores for each model were then calculated (for the initial
model, and every model produced until the final reduced model). The
reduced model had the lowest AIC score, suggesting it has a good fit to
the data. This reduced model and the initial model were then compared
using ANOVA to see if the fit of the reduced model is good enough at
capturing the data compared to the initial model. The reduced model
had a statistically significant (P = 0.041) fit to the data. This reduced
model was then used to calculate the odds ratios and their 95 % confi-
dence intervals (CI).

The software QGIS (version 3.22.) was used for spatial analysis. For
the laboratory and practice datasets, the postcode of the submitting vet
or owner respectively was grouped at NUTS1 level (Nomenclature des
Uniteés territoriales statistiques).

3. Results
3.1. Laboratory data
During twelve years (2010-2022), 25,327 samples were submitted to

five veterinary diagnostic laboratories in the UK for Leishmania diag-
nostic testing (combined ELISA, IFAT, or PCR; 25,201 dogs and 126
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cats).

Anti-Leishmania antibodies were detected in 39.7 % (95 % CI: 39.1 %
— 40.4 %) of dog samples tested (8123/20,424) by either ELISA or IFAT
over the twelve-year in which the data were collected (2010-2022;
Fig. 1). The results using ELISA were as follows: 40.6 % of samples were
positive (6210/15,275), 53.0 % negative (8096/15,275) and 6.3 %
borderline (969/15,275); for the seropositive samples, 39.3 % (2439/
6210) showed antibodies levels (measured as ELISA values) four times
higher than the cut-off established by the testing laboratory. The IFAT
results were similar with 37.1 % testing positive (1913/5149) of which
61.2% (1171/1913) showed low-medium antibody titres (1:100 —
1:400), while 38.7 % (742/1913) showed high titres (1:800 - 1:12,800).

In contrast to dogs, data were only available for 93 cat samples tested
by either ELISA or IFAT giving only one seropositive result (1.07 %:
95 % CI: 0.05 %—6.6 %) by IFAT with a low titre level (1/50).

Leishmania DNA was detected by PCR in 11.8 % (95 % CI: 10.9 %—
12.8 %) of dog samples tested over the time of this study (566/4777;
Fig. 1). In 371 of the 566 dog PCR-positive samples, the level of Leish-
mania DNA was quantified as low (21.0 %: 78/371), moderate (59.5 %:
221/371) or high (19.4 %: 72/371) based on either the Ct number
(n=123) or the number of parasites per ml of blood (n=103), or the
number of parasites per million cells (n=8), depending on the units used
by the veterinary diagnostic laboratory where the assay was performed.
Parasite DNA was not found in any of the 33 cat samples submitted.

The total number of samples submitted for Leishmania infection/
disease diagnosis increased during the study period (Fig. 2) due to the
growing number of laboratories participating in the SAVSNET network
over the years. From 2010-2015, diagnostic data were available from
one veterinary laboratory, while since 2015, data were collected from
four laboratories, and finally, since 2019 data were collected from five
laboratories. However, regardless of the number of laboratories
contributing data, the number of samples submitted and recorded at
each individual laboratory also exhibited an increasing trend during the
study period.

Temporally the proportion of submitted samples positive for
L. infantum infection showed an increase over the years of the study. This
trend is especially strong due to increased seropositivity of L. infantum
observed in tested dogs, from 31.5 % in 2013 (100/317) to 42 % (1529/
3642) in 2022 (Fig. 3). In contrast, the PCR results showed a modest
decrease in the proportion of PCR-positive samples from its peak in 2015
(16.1 %; 48/229) until 2022 (13.4 %, 54/403) (Fig. 3). Furthermore,
there was a slight decrease in the proportion of positive samples
observed during the COVID-19 pandemic (in 2020 and 2021) in both
PCR-positive and seropositive samples.

The positivity of the samples did not show any monthly seasonal
pattern with positive samples observed throughout the year. February
and June (59/395 and 64/429, respectively) were the months with the
highest number of PCR positive samples recorded, whilst the maximum
number of seropositive samples were observed in February, May and
July (Fig. 4).

The majority of positive results were found in samples from dogs
attending veterinary practices located in the East and South of England
(Fig. 5), showing significant statistical differences from the North East
(UKC) and London (UKI) regions (p<0.001) (Table 1).

3.1.1. Epidemiological data on positive dogs

The 25,201 dog samples submitted for either PCR or serological
leishmaniosis diagnosis included 965 dogs for which samples were
submitted for both analyses simultaneously, leaving a final population
of 24,236 tested dogs. Of these, 7989 were female (32.9 %), 9190 male
(37.9 %) and 7057 unknown (29.1 %); 4255 were entire dogs (17.6 %)
while there were 11,563 neutered dogs (47.7 %) and 8418 unknown
(34.7 %); 8321 were from pure-breed dogs (34.3 %), 10,368 from
crossbreed dogs (42.8 %) and 5547 without breed recorded (22.9 %).

A significantly higher proportion of positive dogs were Pointing dogs
(FCI breed group 7: continental pointing dogs, Pointer, and Setters) and
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Crossbreed dogs (P< 0.001). In addition, a significant statistical asso-
ciation was found in both males (35.8 %; 3289,/9190) and neutered dogs
(36.5 %; 4218/11,563) and the L. infantum positivity (P = 0.002 and <
0.001 respectively). Regarding age, dogs between 3 and 8 years old were
significantly more likely to test positive (P < 0.001) (Table 1).

3.2. Veterinary practice data

Using text mining tools 3342 leishmaniosis related consultations
were found in the SAVSNET database, which after reading by a domain
expert, identified 714 consultations meeting the case definition (21.4 %)
from 386 dogs. 66.5 % (n=257) of the dogs were represented by a single
consultation, while 33.4 % (n=129) had multiple visits. When a dog had
multiple visits, only the first visit was included in the subsequent sta-
tistical analysis. Finally, 18 EHRs were removed from the final dataset
due to incompleteness: in three dogs the owner’s postcode was missing,
in four the age was not recorded and in 11 the breed was not recorded.

This final veterinary dataset therefore consisted of 368 cases (Fig. 1).
Of these, 165 were female (44.84 %) and 203 males (55.16 %), 94 were
entire (25.54 %) while 274 were neutered (74.46 %), 124 were pure
breed (33.69 %) while 244 crossbreed (66.30 %) (Table 2). The mean
age was 5.53 (SD +3.10), ranging from 9 months to 16 years, with a
median age of 4.8.

Results of the final multivariable logistic regression model are shown
in Table 2. Neutered dogs were significantly more at risk for CanL than
entire dogs (OR 1.73, CI 1.28 - 3.35, P < 0.001). When compared with
Retrievers (group 8), a greater risk was found in Pointing dogs (group 7)
and crossbreed dogs which were 13.86 and 4.75 times more likely to
present with CanL respectively (P <0.001). Dogs aged 3-6 years were
also at increased risk of having recorded CanL cases (OR 4.71, CI 3.36 —
6.67) compared to dogs less than or equal to 2 years of age.

The UK region with more recorded CanL cases (34.41 %; n=127) was
the Southeast of England (NUT1 level: UKJ) (Fig. 6). The Northeast,

Northwest, Yorkshire and the Humber and Scotland regions (NUT1
level: UKC, UKD, UKD and UKM) had significantly lower risk of having
recorded CanL cases compared to the UKJ region.

CanL cases were recorded in all months, but as with the laboratory
dataset, no seasonality was observed. However, there was a significant
higher probability of having recorded CanL in dogs from 2017 to 2022
(P < 0.001) compared to 2014.

3.2.1. Clinical sings, treatment, and travel history

Regarding the clinical status of dogs with leishmaniosis presenting at
the time of the consultation, 50.5 % (186/368) were sick dogs whilst
45.9 % (169) were apparently healthy dogs under monitoring and 3.5 %
(13) were dogs whose clinical status could not be determined through
the clinical narratives. The most common clinical signs reported in sick
dogs were skin disorders (n=87) followed by poor general condition and
lymphadenopathy (n=30), ocular disorders (n=27), articular disorders
(n=23) and disorders in the renal function (n=21). For 199 out the 368
cases, information about treatment was also recorded. The most com-
mon treatment was allopurinol either alone (150/199; 75.4 %) or in
combination with miltefosine (31; 15.6 %), pentavalent antimonial
drugs (5; 2.5 %) or domperidone (8; 4.0 %). The use of domperidone
alone (4; 2.0 %) or its combination with miltefosine (1; 0.5 %) were
more rarely recorded.

Concerning the dog’s travel history, 189 of the 368 (51.3 %) cases
had evidence of travel history overseas recorded in the clinical narra-
tives. In 98 of the 189 cases the reason of the travel was recorded: 88
were rescued dogs, 4 imported dogs from and 6 had visited overseas
countries. Predominantly from Spain (n=83), Greece (n=43), Cyprus
(n=30) and other European countries including France (n=6), Italy
(n=>5), Portugal (n=6) and Romania (n=3). Less frequently recorded
were Belgium (n=1), Denmark (n=1), Germany (n=2), Morocco (n=1),
Netherlands (n=1), Republic of Macedonia (n=1), Serbia (n=1), Tunisia
(n=1) and Tiirkiye (n=2). There were seven dogs which had been in
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Fig. 5. Geographical distribution of the proportion (%) of canine samples tested positive by serology and/or PCR for L. infantum within each UK NUTS1 region based

on the laboratory dataset (n=24,236).

more than one overseas country. In addition, the type of travel was
uncertain, and the location was not mentioned in the clinical narratives
of 91 dogs, despite evidence of travel being recorded in their EHR. For
the remaining 179 CanL cases (48.6 %) there was no recorded travel
history; none of these specified the animal had not travelled so these
cases could not be considered synonymous with autochthonous
infection.

4. Discussion

It is often difficult to understand disease epidemiology in data poor
populations such as companion animals. In this study, we took a novel
approach based on the analyses of two largely independent yet com-
plementary datasets to generate the most comprehensive overview of
the CanL situation in the UK to date. This creates a baseline against
which future patterns can be evaluated, identified potential control
points, as well as risk factors for infection in UK dogs.

Data from veterinary diagnostic laboratories showed a considerable
increase in the total number of samples submitted for diagnosis of
leishmaniosis in dogs since 2010. This may indicate veterinarians in the
UK have developed a greater awareness of leishmaniosis as a differential
diagnosis for dogs (i.e., dogs showing cutaneous lesions), suggesting
increased awareness of the presence of this emerging disease in the UK
canine population. It is also possible some of this increase is due to the

change in recruitment of laboratories submitting to SAVSNET.

Our results suggested an increase in CanL detection by serology in
dogs since 2013 in this study population. The reasons for this are un-
known but may be driven either by an increase in the translocation of
infected dogs from endemic areas to the UK, either with their owner or
following rescue/rehoming (Maia & Cardoso, 2015), or a higher level of
overseas travel by UK dogs to CanL-endemic areas (e.g. UK residents
traveling for work or vacation with their dogs). Indeed, since the
quarantine regulations were changed and the Pet Travel Scheme (PETS)
was introduced in 2000 in the UK, there has been an increase in the
number of dogs travelling into the UK (dogs imported or travelled)
(Shaw et al., 2009; Trees and Ridge, 2016). Other non-vectorial routes of
transmission such as vertical, venereal, blood transfusion or dog-to-dog
(Duprey et al., 2006; Naucke and Lorentz, 2012; Silva et al., 2009; Vida
etal., 2016; Wright and Moral-Gant, 2020) may also be involved causing
additional autochthonous infections, although none of these were spe-
cifically recorded in our analyses of EHRs. Whilst almost 45 % of the
cases in the veterinary visiting dataset lacked a recorded travel history,
they also lacked recorded evidence of not travelling overseas. Better
understanding of the travel history of these cases could represent a vital
way for the early identification of regions should new autochthonous
infection become established.

Alternatively, the growing detection of Leishmania infection may also
reflect increased diagnostic sensitivity by veterinary surgeons who, over
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Epidemiological variables recorded in positive dog samples (by serology and/or PCR) from the UK diagnostic laboratories. The Chi-square test was used to assess
associations between categorical variables and the seropositive and/or PCR positive animal for L. infantum infection.

Data origin Laboratory data

Dog samples (n=24,236 samples; 8555 positives, 15,681 negatives)

Category No. Total samples No. Positive samples % 1C 95 % $? df P-value
Sex Female 7989 2682 33.57 32.54-34.61 9.17 1 0.002
Male 9190 3289 35.79* 34.81-36.77
Unknown 7057 2584 36.62 35.50-37.75
Neuter status Entire 4255 1318 30.98 29.6-32.38 41.16 1 <0.001
Neutered 11563 4218 36.48* 35.61-37.36
Unknown 8418 3019 35.86 34.85-36.89
Breed G1. Sheepdogs 691 195 28.22 24.99-31.69 253.43 11 <0.001
G2. Schnauzer 1337 415 31.04 28.62-33.57
G3. Terriers 911 297 32.6 29.64-35.71
G4. Dachshunds 123 36 29.27 21.95-37.84
G5. Spitz 338 96 28.40 23.86-33.43
G6. Scent hounds 314 111 35.35 30.27-40.79
G7. Pointing dogs 2017 892 44.22* 42.07-46.4
G8. Retrievers 1458 407 27.91 25.67-30.27
G9. Toy Dogs 478 87 18.20 15.00-21.91
G10. Sighthounds 560 129 23.04 19.74-26.7
Crossbreed 10368 3830 36.94* 36.02-37.87
Unclassified 94 31 32.98 24.31-42.99
Unknown 5547 2029 36.58 35.32-37.85
Age <1 412 45 10.92 8.26-14.3 274.17 5 <0.001
1-2 1154 324 28.08 25.56-30.74
3-4 1393 624 44.80 42.20-47.42
5-6 1289 608 47.17* 44.46-49.9
7-8 854 344 40.28* 37.04-43.61
>8 958 293 30.58 27.75-33.58
Unknown 18176 6317 34.75 34.07-35.45
Region UKC 601 241 40.10* 36.26-44.07 54.06 11 <0.001
NUTS1 level UKD 2058 706 34.31 32.29-36.38
UKE 1803 662 36.72 34.52-38.97
UKF 2831 915 32.32 30.62-34.07
UKG 1146 358 31.24 28.62-33.98
UKH 4180 1519 36.34 34.89-37.81
UKI 1844 721 39.10% 36.90-41.35
UKJ 4395 1538 34.99 33.60-36.42
UKK 3347 1212 36.21 34.60-37.85
UKL 318 101 31.76 26.89-37.07
UKM 1653 572 34.60 32.35-36.93
UKN 60 10 16.67 9.31-28.03

" Significant differences observed (P <0.05).

time, are more likely to have gained experience in managing CanL and
become more aware of the risks it poses to dogs in the UK. In fact, the
rise in the proportion of positive samples could be directly related to the
increasing number of samples tested each year from dogs suspected of
having CanL.

The quantitative serological techniques in this study (ELISA and
IFAT) are the most frequently used for testing CanL in dogs in endemic
areas. In this study, the serological results showed a high proportion of
canine serum samples testing positive for L. infantum (39.7 %). Inter-
estingly, this is broadly consistent with previous studies conducted in
sick dog populations from Mediterranean countries which reported
L. infantum seroprevalences between 26 % and 41 % (Chaabouni et al.,
2018; Galvez et al., 2020; Mir6 et al., 2012; Sousa et al., 2011). These
serological assays showed that 38.7 % and 40.7 % of positive samples
showed high anti-Leishmania antibody titres by IFAT and ELISA tech-
niques, respectively. Such high levels are more likely to indicate a
clinical diagnosis of CanL. In contrast, the presence of low antibody
levels may only indicate transitory exposure including vaccination with
Canileish® (Solano-Gallego et al., 2017). In a clinical setting, a positive
serological result should be interpreted jointly with the clinical history
of the dog. Since we do not have access to the clinical history of the
animals in the laboratory dataset, results here should be interpreted with
caution, especially in the case of low antibody levels.

On the other hand, the overall proportion of canine positive samples
by PCR was lower than the proportion of seropositive samples.

Typically, in cross-sectional studies carried out in CanL endemic areas,
the detection of infected dogs by PCR is usually higher than the sero-
positive dogs (Baneth et al., 2008), because most of the seropositive
dogs, whether sick or clinically healthy, would be PCR-positive. In
addition, there would be a high number of clinically healthy infected
dogs, testing PCR-positive but seronegative. In a cross-sectional study in
Mallorca Island (Spain), the prevalence of Leishmania infection by PCR
was 67 % while the seroprevalence by ELISA was only 26 %
(Solano-Gallego et al., 2001). The lower proportion of positive samples
found by PCR in this study could be due to the distribution of CanL
among the canine population in a non-endemic area like the UK, where
the majority of dogs with clinical leishmaniosis have been treated, and
reinfection is not probable since the sandfly vector is absent. Further-
more, according to previous studies, the frequency of parasite detection
by PCR is different depending on the tissue sampled; the sensitivity of
PCR is higher when DNA is extracted from target organs such as bone
marrow, lymph nodes or spleen rather than from peripheral blood (Maia
etal., 2009; Paltrinieri et al., 2016; Reithinger et al., 2000). It is possible
that in non-endemic areas veterinary surgeons may have less experience
of dealing with CanL, and where the disease may be just one of several
differential diagnoses, the proportion of tested animals for which
non-invasive samples such as whole blood are submitted may be higher,
and allow for convenient, simultaneous analyses (e.g., biochemical
profile, complete blood counts, total serum proteins and antibody
detection). In this study, at least 27.8 % (103/371) of PCR-positive dog
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Multivariable logistic regression model identifying predictors of CanL in 368 case dogs from veterinary practices throughout the UK. Significant variables are shown in

bold (P < 0.05).

Data origin

Practice data (368 CanL cases, 1838 controls)

Category No. CanlL cases (%) No. Controls (%) B SE OR (95 % CI) P-value
Intercept —4.61 0.62 0.01 (0.003-0.03) < 0.001
Neuter status Entire 94 (25.54) 831 (45.21)
Neutered 274 (74.46) 1007 (54.79) 0.55 0.16 1.73 (1.28-2.35) < 0.001
Age <2 (reference category) 73 (19.84) 774 (42.11)
3-6 197 (53.53) 448 (24.37) 1.55 0.18 4.71 (3.36-6.67) < 0.001
>7 98 (26.99) 616 (33.51) 0.60 0.19 1.83 (1.27-2.63) 0.001
Region NUTS1 level South East (UKJ) (reference category) 127 (34.51) 312 (16.97)
North East (UKC) 17 (4.62) 177 (9.63) -1.01 0.32 0.36 (0.19-0.67) 0.001
North West (UKD) 34 (9.24) 282 (15.34) —0.85 0.25 0.43 (0.26-0.69) < 0.001
Yorkshire and The Humber (UKE) 12 (3.26) 170 (9.25) —-1.29 0.36 0.28 (0.13-0.54) < 0.001
East Midlands (UKF) 37 (10.05) 158 (8.60) —-0.55 0.26 0.58 (0.35-0.95) 0.031
West Midlands (UKG) 14 (3.80) 73 (3.97) —0.40 0.36 0.67 (0.32-1.34) 0.273
East of England (UKH) 57 (15.49) 240 (13.06) —0.29 0.21 0.75 (0.49-1.14) 0.182
London (UKI) 11 (2.99) 31 (1.69) —0.04 0.43 0.96 (0.40-2.20) 0.932
South West (UKK) 45 (12.23) 228 (12.40) —0.55 0.23 0.57 (0.36-0.90) 0.015
Wales (UKL) 6 (1.63) 59 (3.21) —0.50 0.49 0.61 (0.21-1.50) 0.311
Scotland (UKM) 8(2.17) 95 (5.17) —1.46 0.44 0.23 (0.09-0.52) < 0.001
Year of consult 2014 (reference category) 4 (1.09) 120 (6.53)
2015 15 (4.08) 203 (11.04) 0.74 0.62 2.09 (0.67-8.12) 0.236
2016 30 (8.15) 313 (17.03) 0.77 0.59 2.17 (0.75-8.003) 0.189
2017 30 (8.15) 192 (10.45) 1.2 0.59 3.32(1.15-12.33) 0.042
2018 46 (12.50) 262 (14.25) 1.34 0.58 3.82 (1.36-13.96) 0.021
2019 69 (18.75) 257 (13.98) 1.82 0.58 6.18 (2.23-22.32) 0.001
2020 44 (11.96) 158 (8.60) 1.9 0.59 6.69 (2.35-24.59) 0.001
2021 82 (22.28) 181 (9.85) 2.49 0.58 12.10 (4.37-43.79) < 0.001
2022 48 (13.04) 152 (8.27) 213 0.59 8.41 (2.96-30.85) < 0.001
Breed G8. Retrievers (reference category) 30 (8.15) 381 (20.73)
FCI
G1. Sheepdogs 3(0.82) 86 (4.68) —0.8 0.63 0.45 (0.10-1.34) 0.203
G2. Schnauzer 22 (5.98) 129 (7.02) 0.68 0.32 1.97 (1.04-3.71) 0.035
G3. Terriers 9 (2.45) 334 (18.17) -1.09 0.40 0.34 (0.15-0.71) 0.006
G4. Dachshunds 2 (0.54) 26 (1.41) -0.13 0.79 0.88 (0.13-3.41) 0.868
G5. Spitz 3(0.82) 32 (1.74) 0.11 0.68 1.11 (0.24-3.73) 0.876
G6. Scent hounds 7 (1.90) 31 (1.69) 0.72 0.50 2.05 (0.73-5.20) 0.147
G7. Pointing dogs 41 (11.14) 34 (1.85) 2.63 0.35 13.86 (7.10-27.60) < 0.001
G9. Toy Dogs 4(1.09) 239 (13.00) -1.67 0.55 0.19 (0.05-0.50) 0.002
G10. Sighthounds 3(0.82) 27 (1.47) 0.49 0.68 1.64 (0.35-5.51) 0.467
Crossbreed 244 (66.30) 519 (28.23) 1.56 0.22 4.75 (3.13-7.42) < 0.001

SE: Standard Error; OR: Odds Ratio; CI: 95 % Confidence Interval.

samples were from blood. Blood is not the most sensitive sample,
frequently testing negative in clinically healthy infected dogs (Crawford
et al., 2013; Reithinger et al., 2000). This could suggest those testing
positive by PCR in our study largely comprised sick dogs showing high
levels of parasitaemia at the time of diagnosis. Unfortunately, such
clinical detail is not currently linkable to these laboratory datasets.

Since SAVSNET does not collect data from all veterinary practices or
diagnostic laboratories, the total UK CanL confirmed cases in dogs are
likely to be higher. Because each sample tested could not be linked to the
individual dog of origin, it is possible that samples from the same animal
at different times may be included in the analysis. This may have
resulted in an overestimated seroprevalence in our study population,
especially in the case of chronically infected sick dogs where response to
treatment may be monitored by measuring serological levels over time.
However, this effect may to some extent be counteracted by the large
sample size included in the study. Another limitation of this study is that
the clinical status of the seropositive and PCR-positive dogs was
unknown.

In the present study, epidemiological variables from two indepen-
dent datasets collected from SAVSNET database were analysed. Factors
in the veterinary practice data associated with CanL in the UK canine
population included the dog’s age, neuter status, breed, geographical
region of residence and year of the consultation. The laboratory data
results were consistent with these findings, as significant differences
were also identified in the same categories.

Adult dogs (3-6 years) were significantly more likely to have CanL

than those less than 3 years of age, consistent with our laboratory
findings and previous studies in endemic areas such as Portugal, Spain
and Italy (Amela et al., 1995; Cardoso et al., 2004; Cortes et al., 2012;
Maresca et al., 2009; Martin-Sanchez et al., 2009). Generally, in Medi-
terranean areas, the increased risk in older animals may be attributed to
repeat exposure to Leishmania-infected sandflies. In non-endemic areas
like the UK, it is perhaps more likely to be associated with the age at
which animals travel and the frequency the owner travels with their
pets, either for work or vacation, creating an accrual of risk over mul-
tiple trips. A possible suggestion for the majority of dogs being in the age
range 3-6 years, could be that owners travel less frequently with older
dog and puppies.

In other studies, from Spain, seroprevalence showed a bimodal dis-
tribution with a peak in young animals (1 — 2 years) and those older than
seven years (Amela et al., 1995; Galvez et al., 2010), attributed to very
young and old animals being at greater risk of leishmaniosis because of
their immune system status. Interestingly, we did not see a peak in the
older UK dog SAVSNET population in either dataset (>7 years). The
lower frequency of older dogs infected with Leishmania living in the UK
may be due to most imported infected dogs arriving at a young age. After
therapy is administrated, reinfection is not probable which can improve
the prognosis of the disease.

The results from both the laboratory and veterinary practice data
showed a significantly increased risk in the group of Pointing dog
breeds, which includes continental pointing dogs, pointers, and setters
(FCI breed Group 7). In addition, crossbreed dogs had a higher risk of
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Fig. 6. Geographical distribution of the recorded cases of CanL within each UK NUTS1 region based on the veterinary dataset (n=368).

being infected by L. infantum. There are some breeds more susceptible to
developing CanL (e.g., Boxer, Cocker Spaniel, Rottweiler, German
Shepherd; Franca-Silva et al., 2003), whilst others are more resistant
(Ibizan hound, an ancient Mediterranean dog breed) (Solano-Gallego
et al., 2000). On the other hand, the use and management of certain
types of breeds, such as hunting dogs, could favour infection by Leish-
mania. Several authors have reported that outdoor living (spending
exclusively/majority of the time outdoors) and hunting were more
important than dog breeds in the transmission of L. infantum infection in
endemic areas directly related to the exposure risk to sandflies biting
(Cortes et al., 2012; Galvez et al., 2010; Rombola et al., 2021). However,
the higher risk found in crossbreed dog contrast with other studies,
which have reported that crossbreeds had a protective effect (Cortes
et al., 2012; Rombola et al., 2021) and may suggest important differ-
ences in the study populations.

In the present study, the UK region with the majority of recorded
CanL cases (34.41 %) was the Southeast of England. In addition, the East
and South of England were the regions where a higher number of pos-
itive dog samples of L. infantum were recorded. Our results are consistent
with the findings of a previous UK study using EHRs (Silvestrini et al.,
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2016), where most dogs with CanL were reported to live in south and
central England. The presence of more L. infantum infected dogs, either
clinically healthy or sick, could be explained if owners from these areas
were more likely to travel with their pets to endemic areas; indeed, these
areas are closer to important ports which are well connected to conti-
nental Europe. Furthermore, uneven UK risk could also suggest a greater
number of rescue dogs from European countries residing in these
high-risk areas. Indeed, in the 51.3 % of the dogs with CanL that had
travel history recorded, many of them were rescue dogs from Southern
European countries with Spain and Greece being the most popular origin
countries. In 2016, Silvestrini et al., reported that all dogs in their study
population of referral patients had a history of travel to or from an
endemic country. Further research is needed to provide more informa-
tion about the circulation of both the imported and rescue dogs in the UK
and their health status.

In the veterinary practice data, we observed a significantly higher
probability of CanL in dogs from 2017 to 2022 compared to earlier
years. This could be explained by a combined effect of both new cases
being imported, and the cumulative effect of the disease, whereby even
if dogs with CanL recover clinically after treatment, complete
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elimination of the parasite is rarely achieved, and they remain infected
and may relapse (Kaszak et al., 2015). It is important to note that the
CanL incubation period is long (at least three months), and the clinical
manifestation of disease could be delayed up to several years
post-infection (Mir6 et al., 2008). Therefore, it is very difficult to
determinate when a positive dog was infected.

Data from the clinical narratives showed that veterinary surgeons
from the UK are already having to deal with the diagnosis of CanL and
the management of both sick and healthy dogs infected by L. infantum.
Cutaneous lesions were the most commonly recorded clinical signs
(46.7 %), followed by lymphadenomegaly (16.1 %), ocular disorders
(14.5 %), joint diseases (12.3 %), and abnormalities in the renal func-
tion (11.3 %). This is in broad agreement with Silvestrini et al., 2016,
where cutaneous disease, lethargy, loss of appetite, and lameness were
common reasons for presentation of dogs with CanL to a UK referral
hospital. Regarding treatment, most dogs in our vet-visiting dataset had
been treated with allopurinol alone, consistent with previous studies in
the UK and other non-endemic areas such as Switzerland and Germany
(Helm et al., 2013; Silvestrini et al., 2016). In contrast, the combination
of meglumine antimoniate or miltefosine with allopurinol were rarely
used (2.5 % and 14.3 %, respectively); such combinations are currently
the first lines of treatment in endemic areas (Montoya et al., 2020). The
low use of these drugs in the UK likely reflects a need for specific
treatment certificates.

5. Conclusion

This is a novel study using large-scale EHR data from both com-
mercial veterinary diagnostic laboratories and veterinary practices from
the UK to provide new insights into recent trends in Leishmania infection
in dogs in the UK. The results obtained showed an increase in both the
proportion of dog samples testing positive for L. infantum infection as
well as the number of dogs with canine leishmaniosis in the UK during
the study period. In addition, risk factors and countries likely associated
with imported cases were identified. This study highlights the spread of
CanL in the UK via travelling dogs and raises awareness of the impor-
tance of testing clinically healthy dogs travelling to or from endemic
areas. Maintaining up-to-date knowledge on CanL in emerging areas is
essential to prevent and combat this zoonotic disease.
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