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First evidence of Leishmania infection in European brown hare
(Lepus europaeus) in Greece: GIS analysis and phylogenetic
position within the Leishmania spp
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Abstract Although the existence of a sylvatic transmission
cycle of Leishmania spp., independent from the domestic cy-
cle, has been proposed, data are scarce on Leishmania infec-
tion in wild mammals in Greece. In this study, we aimed to
investigate the presence of Leishmania infection in the
European brown hare in Greece, to infer the phylogenetic
position of the Leishmania parasites detected in hares in
Greece, and to identify any possible correlation between
Leishmania infection in hares with environmental parameters,
using the geographical information system (GIS). Spleen sam-
ples from 166 hares were tested by internal transcribed spacer-
1 (ITS-1)-nested PCR for the detection of Leishmania DNA.

Phylogenetic analysis was performed on Leishmania se-
quences from hares in Greece in conjunction with
Leishmania sequences from dogs in Greece and 46
Leishmania sequences retrieved from GenBank. The
Leishmania DNA prevalence in hares was found to be
23.49 % (95 % confidence interval (CI) 17.27–30.69). The
phylogenetic analysis confirmed that the Leishmania se-
quences from hares in Greece belong in the Leishmania
donovani complex. The widespread Leishmania infection in
hares should be taken into consideration because under spe-
cific circumstances, this species can act as a reservoir host.
This study suggests that the role of wild animals, including
hares, in the epidemiology of Leishmania spp. in Greece de-
serves further elucidation.
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Introduction

Leishmaniasis is a vector-bornemammalian disease caused by
a protozoan flagellate of the genus Leishmania, transmitted by
phlebotomine sandfly species. Dogs are the major reservoir
host of Leishmania infantum. However, Leishmania infection
has been also described in cats, equines, and wild mammals
including lagomorphs (Gramiccia 2011; Molina et al. 2012;
Ruiz-Fons et al. 2013; Moreno et al. 2014; Jiménez et al.
2014; Souza et al. 2014).

Greece is considered to be an endemic country for leish-
maniasis. The visceral form of the disease, caused by
L. infantum, is the predominant one, endemic in nearly all
geographical areas of the country. Cutaneous leishmaniasis,
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caused by Leishmania tropica and L. infantum in some cases,
is also present but it occurs sporadically (Gkolfinopoulou et al.
2013). The overall reported seroprevalence in the canine pop-
ulation in seven regions of the Greek mainland was nearly
20 % ranging from 2.05 % in Florina to 30.12 % in Attiki
(Athanasiou et al. 2012), while the seroprevalence was 3.87%
in clinically healthy stray cats living in the area of
Thessaloniki (Diakou et al. 2009), and a very low seropreva-
lence (0.3 %) has been reported in horses in Attiki (Kouam
et al. 2010).

Although the existence of a sylvatic transmission cycle that
is independent from the domestic cycle has been proposed
(Sobrino et al. 2008; Molina et al. 2012; Millán et al. 2014),
there is a scarcity of data on Leishmania infection in wild
mammals in Greece, a highly endemic country for canine
leishmaniasis. Regarding the lagomorphs, there are no data
in the countries of the Mediterranean basin including
Greece. However, several studies conducted in Spain revealed
a 43.6% LeishmaniaDNA prevalence (Ruiz-Fons et al. 2013)
and 74.1 % seroprevalence in hares (Moreno et al. 2014).
Moreover, four out of seven apparently healthy hares submit-
ted to xenodiagnosis were able to infect a mean 4.7 %
Phlebotomus perniciosus sandflies (0–10.6 %), a competent
L. infantum vector, suggesting that hares may represent a sec-
ondary reservoir in the sylvatic transmission cycle of
L. infantum in that region (Molina et al. 2012).

Sequence data of the ribosomal RNA (rRNA) gene, in par-
ticular the two highly variable internal transcribed spacer re-
gions (ITS-1 and ITS-2), have been used to resolve taxonomic
questions and to determine phylogenetic affinities among
closely related Leishmania species (Dávila and Momen
2000; Schönian et al. 2000; El Tai et al. 2001; Kuhls et al.
2005; Parvizi et al. 2008; Yang et al. 2010; Wang et al. 2010;
Hajjaran et al. 2013). The sequences of seven Leishmania
parasites detected in hares were used for the phylogenetic
analysis in conjunction with three sequences of Leishmania
parasites detected in dogs in Greece and 46 Leishmania se-
quences retrieved from GenBank. Our work is a first attempt
to investigate the presence of Leishmania infection in hares
(Lepus europaeus) in Greece, to identify the environmental
parameters related to Leishmania infection in hares using geo-
graphical information system (GIS) and statistical analysis,
and to infer the phylogenetic position of the Leishmania se-
quences from hares in Greece.

Materials and methods

Hare and canine samples, DNA extraction, ITS-1-nested
PCR, and sequencing

Spleen hare samples (n=166) were collected in the prefectures
of Thessaloniki (n=82) and Chalkidiki (n=84) (Northern

Greece) from 2007 to 2011. The samples were stored at the
Research Division, Hunting Federation of Macedonia and
Thrace, Thessaloniki, Greece and later submitted still frozen
to the Laboratory of Microbiology and Parasitology, Faculty
of Veterinary Medicine, University of Thessaly, Greece,
where they were stored at −80 °C. Data on hare specimens
were located in the field using handheld global positioning
system (GPS) units. Canine lymph node aspirates were col-
lected from three dogs with diagnosed canine leishmaniasis in
the prefecture of Thessaloniki. The canine samples were sub-
mitted to the Laboratory of Microbiology and Parasitology,
University of Thessaly, Greece, within 24 h after collection,
and they were immediately stored at −20 °C pending DNA
extraction.

Total genomic DNA extraction was performed using a
commercially available DNA extraction kit (Thermo
Scientific GeneJET Genomic DNA Purification Kit) accord-
ing to the manufacturer’s protocol. The purified DNA was
stored at −20 °C.

The samples were analyzed by ITS-1-nested PCR (ITS-1
nPCR) as described previously (Leite et al. 2010). Primers
addressed to ITS-1 between the genes coding for SSU rRNA
and 5.8SrRNAwere used. For the first amplification, 5 μl of
DNA solution was added to 45.0 μl of PCR mix containing
25 pmol of the primers 5′-CTGGATCATTTTCCGATG-3′
and 5′-TGATACCACTTATCGCACTT-3′ and 0.2 mM
deoxynucleoside triphosphates, 1.5 mM MgCl2, 5 mM KCl,
75 mM Tris–HCl pH 9.0, and 2 U of AmpliTaq DNA poly-
merase (Applied Biosystems). The cycling conditions were
initial denaturation at 95 °C for 2 min followed by 34 cycles
consisting of denaturation at 95 °C for 20 s, annealing at 53 °C
for 30 s, and extension at 72 °C for 1 min, followed by a final
extension at 72 °C for 6 min. Amplification products were
subjected to electrophoresis in 2 % agarose gel stained with
ethidium bromide (0.5 μg/ml) and visualized under ultraviolet
light. The PCR product size stays between 300 and 350 bp.
For the second amplification, 10.0 μl of a 1:40 dilution of the
first PCR product was added to 15 μl of PCR mix under the
same conditions as the first amplification but with the follow-
ing primers: 5′-CATTTTCCGATGATTACACC-3′ and 5′-
CGTTCTTCAACGAAATAGG-3′. Amplification products
were visualized on 2 % agarose gel stained with ethidium
bromide (0.5 μg/ml). The PCR product size stays between
280 and 330 bp.

Amplicons from seven randomly selected Leishmania
PCR-positive hares were sequenced in order to perform the
initial identification of the phylogenetic position of the
Leishmania parasites detected in hares within the
Leishmania spp. Furthermore, amplicons from three
Leishmania PCR-positive dogs were sequenced. Sequence
analysis was performed on a part of the rRNA gene (ITS-1
region). The positive PCR product was purified using the
PureLink PCR purification kit (Invitrogen) and was

Parasitol Res (2016) 115:313–321314



bidirectionally sequenced using the fluorescent BigDye
Terminator Cycle sequencing kit v3.1 (Applied Biosystems),
followed by fragment separation with a 3730xl DNA analyzer
(Applied Biosystems). The sequences have been deposited in
GenBank under accession numbers KP410398–KP410407
(Table 1), and they were used for the phylogenetic analysis
in this study.

GIS and statistical analysis

The GIS layers were obtained from climate, elevation, and
land cover data bases acquired from the network. Altitude

was extracted from a digital elevation model (DEM) with a
spatial resolution of 1 km2. Land uses were determined from
the Corine Land Cover 2000 database (European
Environment Agency (EEA)) and the ArcGIS online applica-
tion. Climate data were derived from World Clim database.

The livestock raw data were provided from Payment and
Control Agency for Guidance and Guarantee Community
Aid. New layers were created to represent the towns and vil-
lages, the distance from the nearest village, the distance from
water presence, and the density of livestock. Crop types were
calculated in a buffer zone of 1 km from the sample coordi-
nates (Table 2). All data layers were converted to a common
projection, map extent, and resolution. ArcGIS 10.1 GIS soft-
ware (ESRI, Redlands, CA, USA) was used for data analysis.

Statistical analysis was performed with IBM SPSS 22.0 using
basic descriptive and multivariate statistics (Gray and Kinnear
2012).We used the aforementioned bioclimatic and environmen-
tal variables in order to test if the bivariate dependent variable
(DV)—Leishmania-positive or Leishmania-negative hares—is
related to some of the independent variables (IV). Because of
the big set of IVs, we first tried to find some factors (new

Table 1 List of database accession numbers and origin of the
Leishmania strains used in this study

Leishmania species GenBank accession
number

Origin

L. donovani AJ634360 Ethiopia

L. donovani AJ634359 Sudan

L. donovani AM901450 India

L. infantum GQ444144 Iran

L. infantum FM164420 Uzbekistan

L. infantum EU326227 Brazil

L. infantum AJ634355 Spain

L. infantum AJ634354 Italy

L. infantum AJ634351 France

L. infantum AJ634350 Malta

L. infantum AJ634344 Portugal

L. chagasi AJ000306 Brazil

L. infantum AJ000289 Tunisia

L. infantum GQ367487 China

L. donovani AJ000294 China

L. donovani HM130608 China

L. donovani AM901452 Iraq

L. donovani EU753232 India

L. donovani AM901449 India

L. donovani AJ276258 Sudan

L. donovani AM901453 Morocco

L. donovani AJ249614 Sudan

L. donovani AJ276260 Sudan

L. donovani AM901448 Sri Lanka

L. donovani AJ634374 Kenya

L. donovani AJ634373 Ethiopia

L. infantuma AJ634371 Sudan

L. donovani AJ249616 Sudan

L. donovani AJ249615 Sudan

L. donovani AJ249621 Sudan

L. donovani complex (GRE 3 hare) KP410403 Greece

L. donovani complex (GRE 1 dog) KP410398 Greece

L. donovani complex (GRE 2 dog) KP410399 Greece

L. donovani complex (GRE 3 dog) KP410400 Greece

Table 1 (continued)

Leishmania species GenBank accession
number

Origin

L. donovani complex (GRE 1 hare) KP410401 Greece

L. donovani complex (GRE 2 hare) KP410402 Greece

L. donovani complex (GRE 5 hare) KP410405 Greece

L. donovani complex (GRE 6 hare) KP410406 Greece

L. donovani complex (GRE 7 hare) KP410407 Greece

L. donovani complex (GRE 4 hare) KP410404 Greece

L. tropica AJ300485 Tunisia

L. tropica GQ913688 Afghanistan

L. tropica FJ460459 India

L. major AY260965 Iran

L. major AJ300482 Kenya

L. major AJ272383 Turkmenistan

L. turanica EF413079 Iran

L. turanica AJ272378 Uzbekistan

L. turanica AJ272379 Turkmenistan

L. gerbilli AJ300486 Uzbekistan

L. aethiopica GQ920677 –

L. aethiopica GQ920673 –

L. mexicana AF466383 –

L. mexicana FJ948433 –

L. amazonensis AF339753 –

L. panamensis FJ948442 –

a Identified as L. infantum according to the zymodeme, MON30, whereas
recent analyses have shown that it is L. donovani (Zemanová et al. 2004;
Jamjoom et al. 2004)
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variables) which may represent the most of the variability of the
data. We used the exploratory factor analysis for this. The pur-
pose was to use these factors in a bivariate logistic regression
model that would be able to predict the positive hares when some
IVs would take a range of values (Tabachnick and Fidell 2007).
We set the significance level to p=5 %.

Phylogenetic analysis

Molecular evolutionary analyses were conducted on nucleo-
tide sequences of Leishmania parasites detected in hares and
dogs in Greece and on Leishmania sequences that were re-
trieved from the EMBL database, using the programMEGA 6
(Table 1).

To determine the appropriate model of sequence evolution
and statistically compare successively nested more parameter-
rich models for this data set, the program MODELTEST
Version 3.6 (Posada and Crandall 1998) was used. With a
statistical significance of p=0.01, the HKY85 model
(Hasegawa et al. 1985), with gamma correction, obtained the
best likelihood score and was thus selected for subsequent
analysis. Maximum parsimony (MP) tree was constructed un-
der the heuristic search option with 100 random-taxon-
addition replicates and tree bisection–reconnection branch
swapping, using PAUP*. Node support was assessed on the
basis of 1,000 bootstrap replicates.

A Bayesian analysis was also performed with MRBAYES
version 3.1 (Huelsenbeck and Ronquist 2001), under the
HKY85 model of sequence evolution. Depending on the data
set, random starting trees run for 2×106 to 8×106 generations
were used, sampled every 100 generations. Burn-in frequency
was set to the first 25% of the sampled trees.With someminor

differences, the phylogenetic tree based on the Bayesian anal-
ysis as well as MP tree showed similar topologies (the tree is
available on request).

Results

ITS-1-nested PCR and sequencing

Overall, 39 out of 166 hare samples (23.49%, 95%CI 17.27–
30.69) were positive for the presence of Leishmania DNA
(Thessaloniki 17.1 %, 95 % CI 9.7–27.0; Chalkidiki 29.8 %,
95 % CI 20.3–40.7). The distribution of the Leishmania-pos-
itive hares is shown in Fig. 1. The three canine samples col-
lected from dogs diagnosed with canine leishmaniasis were
PCR-positive. Seven amplicons from Leishmania PCR-
positive hares and the three amplicons from Leishmania
PCR-positive dogs were sequenced.

GIS and statistical analysis

The Leishmania-positive hares were found in shrubland with
pastures, in agricultural areas, and in broadleaved forests with
a mean altitude of 225.38 m asl (range 35–750±200.48 SD),
while the mean distance from villages and towns was 2.472 m
asl (range 850–4,661±1,029.02 SD). Fifty-four percent and
42 % of the positive hare samples were found in crop types of
wheat fields and in olive tree plantations, respectively. The
remaining 4 % of the positive hare samples were found in
cotton and forage plants types. The mean livestock density
in the study area (1 km buffer zone) was 38.42 livestock an-
imals (range 0–200±47.36 SD). The number of sheep and

Table 2 Environmental variables used in the analysis

Variable Value Source

Slope (degrees) at 500- and 1,000-m radii X, SD, min, max DEM

Topographic position index (4 classes) Binary DEM

Altitude Continuous DEM

Aspect N, W, S, E DEM

Distance from nearest village (m) Continuous ArcGIS-WMS

Distance from water (m) Continuous ArcGIS-DEM

Distance from rivers (m) Continuous ArcGIS-DEM

Distance from game refuges Continuous GEoDatabase

Distance from road network (2 classes: forest-paved) Continuous GEoDatabase

Distance from livestock farms Continuous GEoDatabase

Farms density-livestock density Continuous GEoDatabase

Habitat types (9 classes: forests, cultivations, etc.) Categorical transform to continuous ArcGIS-Corine LC (EEA)

19 climatic variables (temperature 11 indices, precipitation 8 indices) Continuous World Clim Database

NDVI (normalized difference vegetation index) 12 indices Continuous World Clim Database

Population density Continuous GEoDatabase
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goats ranged from 5 to 880 (±151.9 SD), and the number of
cattle ranged from 2 to 330 (±77.48 SD). The positive hare
samples were detected within a mean distance of 1,169.85 m
(range 10–7,285±1,240.94 SD) from bodies of water. The
mean annual temperature was 14.8 °C (range 11.7–16.4±
12.24 SD) in the prefectures studied during the study period,
while the mean annual precipitation recorded was 474.82 mm
(range 443–527±23.76 SD) and the annual average humidity
reached 67.5 %.

We used the exploratory factor analysis three times: one to
reduce the variables related to temperature, one to reduce the
variables related to precipitation, and one for the vegetation
index variables. Using the criterion of eigenvalues of more
than 1, the procedure generated three factors for every group
of variables. By entering these variables to the bivariate logis-
tic regression procedure, together with the variables related to
the distance from rivers, villages, etc., we did not find a single
significant relationship between the DVand the IVs. We then

checked the simple biserial correlations between the DV and
the IVs. We found that five bioclimatic variables were corre-
lated with the DV, as shown in Table 3. We used these vari-
ables in a logistic regression procedure and found only one
slightly significant relationship. We found that the presence of
Leishmania DNA in hares may be influenced by the precipi-
tation seasonality variable. This variable is produced by the
division of the standard deviation of the annual precipitation
with the mean value of annual precipitation, that is, the
coefficient of variation. However, this relationship is
significant only at the 90 % level. Table 3 shows the
results of the logistic regression. We can interpret this
finding as follows: we are 90 % sure that an increase of
one unit in the precipitation seasonality is expected to
increase by 6.1 % the odds of hares to be Leishmania
positive. This means that in such a case, a hare will
have a probability of about 52 % to be Leishmania
positive. Since we do not know the real probability

Fig. 1 Map of Greece showing the geographical distribution of Leishmania PCR-positive hares between 2007 and 2011 in the prefectures of
Thessaloniki and Chalkidiki. Red and blue dots indicate the Leishmania PCR-positive and the Leishmania PCR-negative hares, respectively
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for positives (instead of the initial scenario of 50 %
probability), the above finding may be indicative.
However, the fact that the 95 % confidence interval
for the odds includes value 1 should be taken into
consideration.

Phylogenetic analysis

The phylogenetic analysis performed on 56 Leishmania se-
quences, including seven Greek hare and three Greek canine
Leishmania sequences, revealed that the homology of the nu-
cleotide sequences between the seven Greek Leishmania se-
quences from hares was 99.1 %. The homology of the nucle-
otide sequences between the seven hare and the three canine
Leishmania sequences fromGreece was 98.9%, as well as the
homology of the nucleotide sequences between the Greek
Leishmania sequences and the strains belonging to
Leishmania donovani complex which were retrieved from
GenBank.

The Greek sequences belonged to the L. donovani com-
plex, and they did not form a monophyletic group. Two major
clades (I and II) could be recognized for the L. donovani com-
plex in the maximum parsimony tree based on the ITS-1 se-
quences (Fig. 2). Clade I included six Leishmania sequences
detected in hares in Greece. These sequences formed a strong-
ly supported clade (clade I: Leishmania sp.; BP=81 %) which
was further divided into two subclades (Ia and Ib). Clade II
included three canine (GRE1 dog, GRE2 dog, GRE3
dog) and one hare Leishmania sequence from Greece
(GRE3 hare) and all the L. donovani complex strains
retrieved from GenBank. This clade was further divided
into two subclades (IIa and IIb).

Discussion

This study was a preliminary attempt to detect Leishmania
infection in European brown hares (L. europaeus) in Greece
and to identify the environmental parameters related to
Leishmania infection using GIS and statistical analysis.
Moreover, we aimed to infer the phylogenetic position of the

Leishmania sequences from hares and dogs in Greece. This is
the first report of Leishmania infection in hares in Greece, and
our results are in close agreement with the previous reports
regarding the susceptibility of hares to Leishmania infection
(Ruiz-Fons et al. 2013). The high prevalence of infection
(23.49 %) found in our study together with the infectiousness
of hares to sandflies and the feeding preference of the latter for
hares as documented earlier in Spain (Molina et al. 2012;
Jiménez et al. 2013) raises a concern about the role of hares
in the epidemiology of Leishmania spp. in Greece. Moreover,
the similarity detected between the hare and the canine
Leishmania sequences from Greece (98.9 % homology of
the nucleotide sequences) could probably be indicative of a
possible overlapping of wild and domestic transmission cycles
of Leishmania spp. However, this hypothesis needs further
investigation.

Interestingly, the GIS analysis revealed that the positive
hare samples were found in a mean altitude of 225.38m above
sea level (range 35–750±200.48 SD), while the mean distance
was 2.472 m (range 850–4,661±1,029.02 SD) and 1,
169.85 m (range 10–7,285±1,240.94 SD) from villages and
towns and bodies of water, respectively. Moreover, in a buffer
zone of 1 km, the mean livestock density was 38.42 (range 0–
200±47.36 SD). The Leishmania-positive hares were found
in areas with 67.5 % annual average humidity, 474.82 mm
(range 443–527±23.76 SD) mean annual precipitation, and
14.8 °C (range 11.7–16.4±12.24 SD) mean annual tempera-
ture. The statistical analysis showed that the presence of
Leishmania DNA in hares may be influenced by the precipi-
tation seasonality variable, suggesting that an increase of one

Table 3 Independent variables related to the dependent one

Mean temperature
of coldest quarter

Precipitation seasonality
(coefficient of variation)

Mean diurnal range (mean of
monthly (max temp−min temp))

Temperature seasonality
(standard deviation×100)

Temperature
annual range

Biserial
correlation R

0.167 0.184 -0.178 -0.170 0.161

p value for R 0.017 0.008 0.011 0.015 0.021

Odds 1.061

p value for odds 0.082

95 % CI for odds 0.993–1.134

�Fig. 2 Phylogenetic tree constructed based on ITS-1 sequences of 56
Leishmania isolates in this study. Phylogenetic tree based on maximum
parsimony analysis from 56 Leishmania sequences (ITS-1 between the
genes coding for SSU rRNA and 5.8SrRNA) including the ten Greek
Leishmania sequences under study, GRE1 hare, GRE2 hare, GRE3
hare, GRE4 hare, GRE5 hare, GRE6 hare, GRE7 hare, GRE1 dog,
GRE2 dog, and GRE3 dog. With some minor differences, the
phylogenetic tree based on the Bayesian analysis (available on request)
showed similar topologies. The main branches exhibited high bootstrap
values and high posterior probabilities (Bayesian analysis) and clearly
separated groups in distinct clades
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unit in the precipitation seasonality is expected to increase the
odds of hares to be Leishmania positive by 6.1 %. However,
this relationship was significant only at the 90 % level, and it
should be correlated with the vector abundance and the
phlebotomine sandfly species diversity.

The hare and canine Leishmania sequences in this study
had a basal position in the L. donovani complex. Six hare
sequences (clade I) formed a separate branch from the three
canine and one hare Leishmania sequence fromGreece and all
the L. donovani complex strains retrieved from GenBank
(clade II).

The mean annual incidence of reported human leishmani-
asis cases in Greece between 1998 and 2011 was 0.36 cases
per 100,000 population, with fluctuation during this period,
generally decreasing after 2007, with a small re-increase in
2011 (Gkolfinopoulou et al. 2013). During our study time
period, three human cases were reported in the prefecture of
Thessaloniki, whereas no human cases were reported in the
prefecture of Chalkidiki (HCDCP). Regarding the canine pop-
ulation, the seropositivity reported from 2005 to 2010 was
29.81–42.00 % in Thessaloniki and 0.01–10.66 % in
Chalkidiki (Ntais et al. 2013). Thus far, we have no indication
that there is an association between the human leishmaniasis
cases and the infected hares in the prefectures studied partly
due to the low number of officially reported human cases and
also probably because they do not share the same living space.
Moreover, the Leishmania DNA prevalence found in hares in
Chalkidiki and Thessaloniki in conjunction with the seropos-
itivity rates in canine population (Ntais et al. 2013) and the
reported human leishmaniasis cases (HCDCP) in the same
prefectures during the same study period leads to the hypoth-
esis that leishmaniasis is still in the sylvatic transmission cycle
in Chalkidiki, whereas it seems that an overlapping of sylvatic
and domestic transmission cycles occurs in Thessaloniki. It is
well known that leishmaniasis involves a complex interplay
between the protozoon pathogen Leishmania, the arthropod
vectors sandflies, the environmental influence on vector dis-
tribution, the primary and secondary reservoirs of infection,
and the susceptible human populations, thus making neces-
sary the simultaneous investigation of these factors in order to
infer the role of a mammalian host in the epidemiology of
leishmaniasis. However, the investigation of Leishmania in-
fection in different hosts is crucial in order to design further
epidemiological studies, control, and prevention strategies.
Thus, the widespread Leishmania infection in hares in the
prefectures studied in Greece should be taken into consider-
ation because as reported by Molina et al. (2012), under spe-
cific circumstances including an unusual increase in hare pop-
ulation, high density of sandflies, and a low level of immunity
in the human population, this species can act as a reservoir
host.

Further studies including Leishmania sequences from hu-
man cases, domestic and wild animals, and sandflies from

Greece and the neighboring countries will give insight into
the phylogenetic position of the Leishmania spp. circulating
in Greece and the evolutionary history among Greek isolates.
The role of the different hosts in the epidemiology of leish-
maniasis in Greece deserves further investigation together
with the estimation of the vector abundance, distribution,
and diversity. In particular, the role of wild mammals in the
transmission cycle of Leishmania spp. which remains largely
unknown in Greece, a highly endemic country for canine
leishmaniasis, needs further elucidation. Studies in endemic
and non-endemic areas in the mainland and the islands of
Greece, including the vector abundance and the species diver-
sity, will reveal the role of hares in the epidemiology of
Leishmania spp. in Greece.
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steps to ameliorate suffering were not applicable in this study. Research
on animals as defined in the EU Ethics for Researchers document
(European Commission, 2007, Ethics for Researchers—Facilitating
Research Excellence in FP7, Luxembourg: Office for Official
Publications of the European Communities, ISBN 978-92-79-05474-7)
is not a part of the study.

The canine samples included in this study were collected by private
practicing veterinarians. No animals were euthanized during the study
and efforts were taken to ameliorate animal suffering. The study did not
involve any experimentation but was based on samples that had been
collected from the dogs for routine diagnostic purposes. Diagnostic vet-
erinary procedures are not within the context of relevant EU legislation
for animal experimentations (Directive 86/609/EC) and may be per-
formed in order to diagnose animal diseases and improve animal welfare.
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