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Leishmania infantum is transmitted by sand flies and causes visceral leishmaniasis (VL) in humans, as well as
canine leishmaniosis (CanL) in dogs, the main reservoir of infection in Europe. The infection spread northwards
in the last two decades, but case data are scarce, hindering monitoring and evaluation of incidence as is required
by European WHO guidelines. We aim to identify the current geographical distribution of CanL incidence in
Spain, which has been endemic for CanL, and France, where CanL is emerging. An online survey was conducted
among veterinarians in Spain and France questioning CanL incidence in the years 2016—2017. These data were
interpolated to estimate incidence in both countries using the geographical analysis ordinary kriging. Two
hundred and seventy-three (273) veterinarians from 81 out of 148 French and Spanish districts completed the
survey. The mean incidence in veterinary practices was 21 CanL cases per 1000 dogs during the past year, which
was higher in Spain (31/1000 dogs/year) than in France (6/1000 dogs/year). Incidence rates were highest in
south-eastern Spain, but sporadic cases were found up to the most northern regions of France. Our study confirms
the northward spread of CanL in Spain and France, as the incidence rates were higher than reported in previous
studies and cases were found in areas formerly considered non-endemic for L. infantum. Monitoring the reservoir
of infection in dogs is essential for implementing timely and geographically-targeted interventions to prevent
further spread of CanL and VL in Europe.

1. Introduction
Leishmania infantum protozoa are spread by female sand flies mainly
causing infection in humans and dogs. In Europe, approximately 1200 to
2000 human cases of visceral leishmaniasis (VL) are diagnosed yearly
(Alvar et al., 2012). Dogs represent the main reservoir of infection.
Based on serological data 2.5 million dogs have been estimated to be
infected with L. infantum in southwestern Europe in 2002 (~16.7% of
the entire canine population) (Moreno and Alvar, 2002). After infection,
some dogs develop canine leishmaniosis (CanL) which is lethal when left
untreated, but most remain asymptomatic, while able to transmit L.
infantum (Laurenti et al., 2013).
Leishmaniasis has been present in Europe for centuries. In the past, it
occurred only along the Mediterranean coast in countries such as Spain,
Italy, and Greece. During the last two decades, the incidence rates of
Leishmania infection have increased and the disease has been spreading
further north and reached new areas such as northern France and

southern Germany (Franceschini et al., 2016; Kasbari et al., 2012;
Martín-Sánchez et al., 2009; Naucke and Schmitt, 2004). The changing
distribution of Leishmania infection in Europe has been explained by
different factors. Firstly, climate change may be related to increased
sand fly density and the northward expansion of their habitat (Dereure
et al., 2009; Maroli et al., 2008; Medlock et al., 2014). Secondly, the
movement of dogs from southern to northern Europe likely has helped
spread the disease northward. For example, the adoption of puppies and
stray dogs from endemic areas has introduced L. infantum in previously
non-endemic regions (Maia and Cardoso, 2015; Ready, 2010).
In the Strategic Framework for Leishmaniasis Control in the Euro
pean Region by the World Health Organization (WHO) (Ejov and Dagne,
2014), the emergence of leishmaniasis in Europe has been acknowl
edged as a serious public health issue. WHO has emphasised the
importance of monitoring and controlling leishmaniasis, as well as
implementing preventive measures, and prompt detection and treat
ment of cases. Monitoring up-to-date data on the incidence of infection
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in Europe is essential for evaluating the impact of current policies and
strategies when controlling leishmaniasis.
The current incidence and distribution of leishmaniasis in Europe
remains unclear and unmonitored, even though there have been mul
tiple unexpected outbreaks, most notably the 2009–2012 Madrid
outbreak with 446 VL cases (Arce et al., 2013). Both CanL and VL are not
notifiable diseases in most European countries, including Spain and
France (Dujardin et al., 2008). Furthermore, CanL and VL are not under
systematic surveillance at the European or national level. Only a few
cross-sectional studies have evaluated the incidence and distribution of
VL or CanL in Europe in specific regions, making it hard to monitor the
spread of infection over space and time (Alvar et al., 2012; Le Rutte
et al., 2018).
The aim of this study is to investigate the incidence and geographic
distribution of CanL in Spain, a known endemic area, and in France,
where CanL is emerging. Through an online survey targeted at veteri
narians in both countries, we questioned the number of CanL cases they
diagnosed in the years 2016—2017 in their practice to gain insight into
the range of detected cases as well as the geographic distribution of the
infection. These data allow for an interpolation using geographical an
alyses to estimate CanL incidence in both countries, and ultimately to
inform policy makers to implement timely and geographically-targeted
interventions to prevent further spread of CanL and VL in Europe.

place after the data collection took place.
2.3. Interpolation of data
For the areas where no data were available, the incidence of CanL
was estimated using an interpolation technique called ordinary kriging.
This geostatistical method assumes spatial autocorrelation, meaning
points nearer to each other are more closely related than points further
apart. Consequently, data points that are nearby have a greater influence
on the estimated incidence. This is a widely accepted technique for the
purpose of spatial prediction of infectious disease incidence (Berke,
2004). The interpolated values were defined by a Gaussian process and
were based on an identified rate at which difference in log-transformed
incidence increases with distance. This rate originates from an experi
mental semivariogram, which is a function describing the degree of
spatial dependence. Histograms of both the untransformed and trans
formed incidence, as well as a figure of the semivariogram used to create
the kriging estimates, are presented in the Supplementary Information
(Figs. SI-1 to SI-3). Only data points within the optimal range from the
area to be estimated were used for predictions of incidence. The optimal
range was identified to be 300 km using a leave-one-out cross-validation
procedure. The prediction error (data minus predicted incidence) and
mean root squared prediction error (MRSPE) were calculated afterwards
to evaluate the performance of the method. Data and results of the
interpolation were mapped using R version 3.4.3 and ArcGIS Pro version
2.3. Shapefiles of Spain and France were downloaded from www.gadm.
org.

2. Methods
2.1. Data collection
An online survey was developed using Lime Survey Professional
(www.limesurvey.org) and all questions are presented in the Supple
mentary Information. The survey included both closed- and open-ended
questions, which included 1) the veterinarian's location (country and
postal code), 2) the average number of unique dogs seen per week at
their clinic (with and without CanL), 3) the total number of confirmed
cases of CanL in the past year, 4) the number of confirmed cases of
Leishmania in species other than dogs, and 5) the veterinarian's aware
ness and number of human VL cases in their area. All data were stored
anonymously, however veterinarians could voluntarily fill out their
email address in case they wanted to receive the outcomes of the study.
These mail addresses were stored separately from the data. The survey
was developed in English and translated into Spanish and French by
native speakers. The survey was distributed among veterinarians in
Spain and France through various online platforms, including mailing
lists, websites, online newsletters during February and March of 2017,
and separately stored email addresses of participants of a previous study
(Le Rutte et al., 2018).

3. Results
From the beginning of February until the end of March 2017, 413
individuals accessed the online survey. Of these, 282 respondents fully
completed all nine questions. Nine respondents saw less than five dogs
per week or were located overseas and were therefore excluded. The
answers of the remaining 273 respondents were included for further
analyses. Of these 168 (62%) were based in Spain and 105 (38%) in
France. Respondents were located in 81 different provinces and de
partments, covering 31 out of 52 Spanish provinces (60%) and 50 out of
96 France departments (52%). The unique number of dogs seen per
veterinarian per week was 58 on average (52 in Spain and 66 in France).
In the 12 months prior to the survey (February 2016—February 2017)
the veterinarians diagnosed an average of 11 dogs with CanL (15.1 dogs
(0− 130) in Spain and 4.6 dogs (0− 110) in France). The mean calculated
incidence of CanL was 21 cases per 1000 dogs per year (based on an
swers from all veterinarians). The incidence was higher in Spain, with a
mean of 30.5 cases per 1000 dogs per year, than in France, with a mean
of 6.1 cases per 1000 dogs per year. The highest incidence (284 CanL
cases per 1000 dogs per year) was found in the province of Huelva, in
southwestern Spain. High incidence rates were also found in the south
and eastern areas of Spain, mostly in regions located along the Medi
terranean coast, which were also the regions with the highest response
rates. Sporadic cases of CanL were reported up to the most northern
departments of France, where 8 veterinarians reported to have diag
nosed 20 cases with CanL. The geographical distribution of the veteri
narians and their reported CanL incidence is visualised in Fig. 1 by the
coloured dots. The mean incidence of canine leishmaniosis per province
in Spain and per department in France is also presented in Fig. 1.
Fig. 2 presents the interpolated incidence based on ordinary kriging.
These results revealed a minimum of 20–30 cases per 1000 dogs per year
for the largest part of Spain. The highest estimated CanL rates varied
between 50 and 100 CanL cases per 1000 dogs per year and are situated
in south-eastern and southwestern Spain and the Balearic Islands. In
most parts of France, the estimated incidence was between zero and five
cases per 1000 dogs per year. However, in south-eastern parts of France,
up to 20 CanL cases per 1000 dogs per year were estimated. Prediction
errors were calculated for each data point after cross-validation with an

2.2. Data handling
Respondents located outside of Spain and France and those who saw
less than five dogs per week were excluded from the data analyses. To
link the veterinarians' postal codes to longitude and latitude coordinates
the GeoNames database was used, which is available from the download
server (www.aggdata.com). The respondents were also grouped at
Nomenclature of Territorial Units for Statistics level three region, which
corresponds to departments in France, and provinces in Spain.
The following formula was used to calculate the incidence of canine
leishmaniosis per 1000 dogs per year:
Incidence =

Number of reported new cases of CanL per year
∙1000
(Unique number of dogs seen weekly∙47)/4

The average number of times a dog visits a clinic per year is fixed at
four, and the number of workweeks per year at 47, both in concordance
with previous literature, allowing us to compare our outcomes with
those of other studies (“https://www.eurofound.europa.eu/obse
rvatories/eurwork,” n.d.; Mattin et al., 2014). No follow-up has taken
2

E.A. Le Rutte et al.

Veterinary Parasitology: Regional Studies and Reports 25 (2021) 100613

Fig. 1. Distribution of the locations of veterinarians,
their reported canine leishmaniosis incidence, and the
mean incidence of canine leishmaniosis per province
in Spain and per department in France. The dots
correspond to the locations of the 273 veterinarians
who completed the survey with the colours repre
senting the incidence of canine leishmaniosis cases
per 1000 dogs per year. When data points were within
15 km, the data points were plotted in rings around
the actual data point. The colours of the provinces and
departments represent the mean incidence of the data
points located within. There were no respondents
located in the grey provinces and departments, hence
no mean incidence could be determined.

Fig. 2. Interpolation of incidence of canine leishmaniosis cases per 1000 dogs per year using ordinary kriging. Results are based on answers from 273 veterinarians.
The colours correspond to the estimated incidence rates. The coloured dots indicate the reported canine leishmaniosis incidence per veterinarian per 1000 dogs per
year. When data points were within 15 km, the data points were plotted in rings around the actual data point.

average of 9.29 and an MRSPE of 35.89. This means that the incidence
was predicted to be on average 10 cases per 1000 per year lower or
higher than the real incidence, and were found to be higher in high
incidence areas compared to low incidence areas. In the Supplementary
Information we present a map of the predicted incidence as estimated

through cross-validation for all the data points (Fig. SI-4) and a map of
the prediction errors of the kriging (Fig. SI-5).
Nine respondents diagnosed leishmaniasis in species other than dogs;
cases were diagnosed in ten cats and one ferret. In Spain, 29% of the
veterinarians (n = 49) were aware of cases of human VL in their area in
3
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the past 10 years, in France 12% (n = 13). The 62 respondents reported a
total of 128 cases of human VL in their area in the past ten years; 108
cases were reported in Spain and 20 cases were reported in France.
Veterinarians that were aware of human VL cases reported a signifi
cantly higher mean incidence of CanL compared with veterinarians who
were not aware of human VL cases in their region (35.2 versus 16.4 cases
of CanL per 1000 dogs per year (t-test: p < 0.01; 95%CI: 7.4—30.3).

France is likely to be much larger than the CanL incidence estimated in
this study. Thirdly, species other than dogs may also transmit the
parasite.
Interestingly, in our survey some veterinarians also mentioned the
diagnosis of leishmaniasis in other animal species than dogs, namely cats
and a ferret. Since current preventive interventions do not focus on these
species, it is important to be aware of this. Based on these data however,
it remains unclear whether they reflect a reservoir of infection or a case
of accidental spill over. On top of that, wild animals may also be res
ervoirs of L. infantum. For example, wild hares were implicated as the
reservoir hosts during the 2009–2012 outbreak of VL in Madrid (Arce
et al., 2013; Millán et al., 2011; Quinnell and Courtenay, 2009).
The data presented in this study on the incidence and distribution of
the reservoir of infection of CanL and VL are essential for various public
health related reasons. Firstly, monitoring cases of CanL is needed to be
able to evaluate the trend in incidence, but also to evaluate the impact of
ongoing interventions. However, both need longitudinal data, requiring
a sustainable monitoring tool. Secondly, the knowledge gained
regarding the geographical distribution of the reservoir allows for tar
geted preventive One-Health measures to be taken in areas with re
ported incidence as well as surrounding areas. Such preventive measures
can be the implementation of active vaccination programs, vector con
trol methods, as well as assuring the availability of diagnostic tests and
awareness among veterinarians. Thirdly, knowledge of the incidence
and distribution of the reservoir of infection is important in supporting a
one-health approach, through which physicians, mainly general prac
titioners, are informed about the presence of CanL cases in their region.
Monitoring the trends in the geographical distribution of the animal
reservoir and taking appropriate measures will benefit both veterinary
and human public health.
WHO emphasises the importance of monitoring CanL in Europe for
controlling VL, and highlights the need for proper use of preventive
measures. A study from 2018 investigated the implementation of these
guidelines among veterinarians in Spain and France and found that
although 60% of the 459 veterinarians were aware of the current in
crease of L. infantum in Europe, 70% were not familiar with any
guidelines for its control (Le Rutte et al., 2018). Most of these veteri
narians' preventive and treatment actions were, however, in line with
intervention strategies recommended by the guidelines. But the fact that
88% of confirmed cases of clinical CanL were not reported by them
suggests inadequate disease monitoring and evaluation (Le Rutte et al.,
2018). Our study provides new insights into the current incidence and
distribution of CanL in Spain and France as reported by veterinarians.
Similar investigations through surveys based on a geographically
representative sample of veterinary sentinel clinics with a standardized
protocol for CanL assessment at regular time intervals are required to
track the incidence of CanL in time and space. Such an approach could
generate an informative monitoring tool for CanL in the region. How
ever, this task will be time consuming and restricted by the limitations
mentioned above. Therefore, we strongly recommend implementing an
online system that allows veterinarians from all over Europe to easily
upload confirmed CanL cases to continuously monitor the canine
reservoir of L. infantum.

4. Discussion
The average CanL incidences obtained from our survey were highest
in south-eastern Spain, but cases were found up to the northern part of
France, where veterinarians diagnosed cases of CanL, an area tradi
tionally considered to be non-endemic. The incidence estimates pre
sented in this study are consistent with or higher than those reported for
Spain and France in recent literature (Bourdeau et al., 2014; Maia and
Cardoso, 2015; Mattin et al., 2014; Ready, 2010; Savoia, 2015). When
compared with national level incidences reported in 2014, the detected
average incidences in this study were higher both in France: 6.1 versus
4.6 cases of CanL per 1000 dogs per year, as well as in Spain: 30.5 versus
25.2 cases of CanL per 1000 dogs per year (Mattin et al., 2014). Our
findings likely reflect a true increase of CanL, however, increased
awareness among veterinarians and changes in the availability of
diagnostic tests may also have played a role.
The veterinarians who participated in the current survey cannot be
considered representative of all veterinarians in Spain and France due to
voluntary response bias (veterinarians who are familiar with a disease
are more likely to respond to a survey about that disease). However, a
wide range of incidence rates were reported in this study, and 26% of all
veterinarians reported zero or only one case of CanL in the past 12
months. As this study relied on the self-report of veterinarians, the
geographic variation of CanL in the study region could also be influ
enced by geographical variation in diagnostic criteria and individual
veterinary capabilities influenced by the frequency of dogs with CanL in
the region. We emphasize, that our numbers represent a very small
percentage (approximately 1%) of all registered veterinarians in both
countries (European Board of Veterinary Specialisation - France, 2021;
European Board of Veterinary Specialisation - Spain, 2021). Conclusions of
the study should be taken with caution since it is based on a small
convenience sample of veterinarians that cannot be considered repre
sentative of the whole community of veterinarians attending CanL in
both countries and is likely to be geographically biased. Although the
data were subject to earlier described bias, their wide geographical
distribution and wide range in confirmed CanL cases, did allow us to
interpret the data and compare variables between the regions.
Cases were also found in areas formerly considered non-endemic for
L. infantum, such as the departments of Nord, Pas de Calais, Eure, Orne,
Morbihan, and Loire Atlantique in north and western France. Based on
our questionnaire, we could not determine whether these cases were
autochthonous or imported. Nonetheless, canine reservoirs in these
areas (autochthonous or imported), combined with the increasing
geographical distribution of the sand fly (Dereure et al., 2009; Maroli
et al., 2008; Medlock et al., 2014), increase the risk of local L. infantum
transmission.
The incidence calculations based on our survey only include do
mestic dogs that attended veterinary clinics regularly. Therefore, our
incidence values likely only represent the tip of the iceberg of the L.
infantum reservoir. Firstly, incidence rates may be different in the
investigated group than in domestic dogs who never or hardly visit a
veterinarian. Incidence rates may be even higher in stray dogs, who live
outside and are more at risk of infection (Mattin et al., 2014). Secondly,
the majority of dogs infected with L. infantum remain asymptomatic and
therefore will not be diagnosed by a veterinarian, however they may still
contribute to transmission as sand flies have been found able to transmit
the parasite after feeding on the blood of asymptomatic dogs (Miró et al.,
2013; Pennisi, 2015). Therefore, the actual canine reservoir in Spain and

5. Conclusion
Our study has confirmed the increasing incidence and geographical
expansion of CanL in Spain and France. Monitoring the reservoir of
infection in dogs is essential for implementing timely and
geographically-targeted interventions to prevent further spread of CanL
and VL in Europe. The outcomes of this study, combined with patterns of
increasing sand fly distribution in Europe, may help to identify areas
where (preventive) interventions are currently most urgent. We urge the
development of an easy to use online One-Health tool in which both
veterinarians and physicians can continuously report confirmed cases of
L. infantum in dogs and humans. This is crucial to improve both public
4
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and veterinary public health, through monitoring, controlling, and
preventing the further spread of L. infantum in Europe at regional, na
tional and international level.
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Dujardin, J.-C., Campino, L., Cañavate, C., Dedet, J.-P., Gradoni, L., Soteriadou, K.,
Mazeris, A., Ozbel, Y., Boelaert, M., 2008. Spread of vector-borne diseases and
neglect of Leishmaniasis, Europe. Emerg. Infect. Dis. 14, 1013–1018. https://doi.
org/10.3201/eid1407.071589.
Ejov, M., Dagne, D., 2014. Strategic Framework for Leishmaniasis Control in the WHO
European Region 2014–2020. World Heal. Organ, pp. 1–17.
European Board of Veterinary Specialisation - France. http://ebvs.eu/countries/france,
2021 [WWW Document].
European Board of Veterinary Specialisation - Spain. http://ebvs.eu/countries/spain,
2021 [WWW Document].
Franceschini, E., Puzzolante, C., Menozzi, M., Rossi, L., Bedini, A., Orlando, G.,
Gennari, W., Meacci, M., Rugna, G., Carra, E., Codeluppi, M., Mussini, C., 2016.
Clinical and microbiological characteristics of visceral Leishmaniasis outbreak in a
northern Italian nonendemic area: a retrospective observational study. Biomed. Res.
Int. 2016, 1–7. https://doi.org/10.1155/2016/6481028. https://www.eurofound.eu
ropa.eu/observatories/eurwork.
Kasbari, M., Ravel, C., Harold, N., Pesson, B., Schaffner, F., Depaquit, J., 2012. Possibility
of leishmaniasis transmission in Jura, France. Emerg. Infect. Dis. 18, 1030. https://
doi.org/10.3201/eid1806.120158.
Laurenti, M.D., Rossi, C.N., da Matta, V.L.R., Tomokane, T.Y., Corbett, C.E.P.,
Secundino, N.F.C., Pimenta, P.F.P., Marcondes, M., 2013. Asymptomatic dogs are
highly competent to transmit Leishmania (Leishmania) infantum chagasi to the natural
vector. Vet. Parasitol. 196, 296–300. https://doi.org/10.1016/j.vetpar.2013.03.017.
Le Rutte, E.A., van Straten, R., Overgaauw, P.A.M., 2018. Awareness and control of
canine leishmaniosis: a survey among Spanish and French veterinarians. Vet.
Parasitol. 253, 87–93. https://doi.org/10.1016/j.vetpar.2018.01.013.
Maia, C., Cardoso, L., 2015. Spread of Leishmania infantum in Europe with dog travelling.
Vet. Parasitol. 213, 2–11. https://doi.org/10.1016/j.vetpar.2015.05.003.
Maroli, M., Rossi, L., Baldelli, R., Capelli, G., Ferroglio, E., Genchi, C., Gramiccia, M.,
Mortarino, M., Pietrobelli, M., Gradoni, L., 2008. The northward spread of
leishmaniasis in Italy: evidence from retrospective and ongoing studies on the canine
reservoir and phlebotomine vectors. Tropical Med. Int. Health 13, 256–264. https://
doi.org/10.1111/j.1365-3156.2007.01998.x.
Martín-Sánchez, J., Morales-Yuste, M., Acedo-Sánchez, C., Barón, S., Díaz, V., MorillasMárquez, F., 2009. Canine leishmaniasis in southeastern Spain. Emerg. Infect. Dis.
15, 795–798. https://doi.org/10.3201/eid1505.080969.
Mattin, M.J., Solano-Gallego, L., Dhollander, S., Afonso, A., Brodbelt, D.C., 2014. The
frequency and distribution of canine leishmaniosis diagnosed by veterinary
practitioners in Europe. Vet. J. 200, 410–419. https://doi.org/10.1016/j.
tvjl.2014.03.033.
Medlock, J.M., Hansford, K.M., Van Bortel, W., Zeller, H., Alten, B., 2014. A summary of
the evidence for the change in European distribution of phlebotomine sand flies
(Diptera: Psychodidae) of public health importance. J. Vector Ecol. 39, 72–77.
https://doi.org/10.1111/j.1948-7134.2014.12072.x.
Millán, J., Zanet, S., Gomis, M., Trisciuoglio, A., Negre, N., Ferroglio, E., 2011. An
investigation into alternative reservoirs of canine leishmaniasis on the endemic
island of Mallorca (Spain). Transbound. Emerg. Dis. 58, 352–357. https://doi.org/
10.1111/j.1865-1682.2011.01212.x.
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