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ARTICLE INFO ABSTRACT

Keywords: Greece is an endemic country for human and canine leishmaniosis. Studies about the role of lagomorphs and
Leishmania minks in the epidemiology of the diseases are, so far, limited. The aim of the present study was to investigate the
Rabbits prevalence of Leishmania infection in these animals, in different areas of the country. Samples from 393 domestic
nges and wild rabbits, 90 hares and 200 minks were collected and examined by cytology (spleen imprints) and
I(\;[::::e serology (ELISA), while spleen samples of 116, 56 and 95 of the rabbits, hares and minks, respectively, were

examined by a PCR assay targeting the ITS1 region. For every animal examined a form was created, recording
information like date, area, animal species, sex, etc. All imprint smears examined were negative, while serology
revealed infection in 7.6% (C.I. 5.0-10.3%) rabbits, 6.7% (C.I. 1.5-11.8%) hares and 20% (C.I. 14.5-25.5%)
minks. Infection was confirmed by molecular methods in 2.6% (C.I. 0.0-5.5%), 3.6% (C.I. 0.0-8.4%) and 2.1%
(C.I. 0.0-5.0%) of the animals, respectively. The statistical analysis showed that minks are most likely to be
seropositive and that in rabbits, the breeding method (i.e. homestead reared animals) was associated with in-
fection. Because of the proximity of lagomorphs and minks to humans and dogs it is necessary to further elu-
cidate their role in the epidemiology of leishmaniosis.

1. Introduction

The protozoa of the genus Leishmania are the agent of leishmaniosis,
a disease encountered in tropical, subtropical and temperate regions of
the world. Human Leishmaniosis (HumL) is a major public health
problem with approximately 2 million new human cases and around
59.000 deaths reported annually (WHO, 2010). The great majority of
deaths occur in cases of visceral leishmaniosis (VL), the most severe
form of the disease, caused by Leishmania donovani and Leishmania in-
fantum (syn. L. chagasi) (Alvar et al., 2006, 2012).

The domestic dog is considered the primary host in the domestic
transmission cycle for L. infantum in Europe (Pennisi, 2015). However,
recent published data have altered this scenario, showing that other
animal species, i.e. lagomorphs, may also play the role of reservoir host
(Molina et al., 2012; Arce et al., 2013). Apart from lagomorphs, there is
ongoing research regarding Leishmania infection in various, domestic
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and wild, animal species in Europe (Millan et al., 2014; Risueno et al.,
2018). The investigation of infection in animals that are abundant and
in close proximity to dogs and humans is of great importance, as they
could increase the infection pressure in a certain area.

Greece is recognized as an endemic country for human and canine
leishmaniosis (WHO, 2010). In a recent study, the average ser-
opositivity in dogs was 22.1%, while in humans, the average annual
incidence was 0.51/100.000 in the period 2004-2014 (Ntais et al.,
2013). Identification of other animal species, besides the dog, that
could be involved in the preservation of the parasite would provide
important information, both for animal and public health perspectives
(Arce et al., 2013). In this context, the aim of the present study was to
investigate the prevalence of Leishmania infection in rabbits (Or-
yctolagus cuniculus), hares (Lepus europaeus) and minks (Mustela vison) in
Greece, in order to provide information about the possible role of ani-
mals other than dogs as alternative hosts of the parasite, and hence

Received 22 October 2018; Received in revised form 14 February 2019; Accepted 26 February 2019

Available online 27 February 2019
2405-9390/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/24059390
https://www.elsevier.com/locate/vprsr
https://doi.org/10.1016/j.vprsr.2019.100279
https://doi.org/10.1016/j.vprsr.2019.100279
mailto:diakou@vet.auth.gr
https://doi.org/10.1016/j.vprsr.2019.100279
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vprsr.2019.100279&domain=pdf

1. Tsakmakidis, et al.

contribute to the elucidation of leishmaniosis epidemiology.
2. Materials and methods
2.1. Animals

A total of 683 animals (393 rabbits, 90 hares and 200 minks) were
examined. For every animal, a form was completed, recording the date
of sampling, area, species, sex, body condition (good or bad, except for
hares) (FAO, 1997; Lariviere, 1999), external and visceral signs (sple-
nomegaly or hepatomegaly) of disease and for domestic rabbits and
minks age also. Wild rabbits' and hares' samples were obtained oppor-
tunistically, with the help of hunters, members of the local Hunting
Federations. The samples from domestic rabbits and minks were col-
lected after their death, by slaughtering or euthanasia.

Domestic rabbits (n = 292) were examined during a two year period
(11/5/2014-6/6/2016), originating from 3 Regional Units of Central
Macedonia: Thessaloniki (n = 201), Chalkidiki (n = 53), Serres
(n = 38). The animals were raised in intensive farms (201) or as
homestead (backyard animals or in home farms) (91). In the same time
interval, wild rabbits' samples were collected in the Island of Lemnos
(n = 101), North Aegean See, during the period of 2 hunting seasons
(i.e. August-March).

Hares were examined during the course of 3 hunting seasons (i.e.
September-December) in a two and a half year period (24/9/2014-22/
2/2016). The animals were hunted in 6 Regional Units of Northern
Macedonia, i.e. Thessaloniki (n = 32), Chalkidiki (n = 34), Serres
(n = 16), Kavala (n = 1), Kilkis (n = 6) and Imathia (n = 1).

Seven-month old minks, reared in farms were examined during a
three month period (1/10/2014-20/12/2014). The sampling period
and the animal age were selected so that all animals have lived one
period of sandfly activity (spring-autumn). Samples were obtained from
6 farms located in the Regional Unit of Kastoria, Western Macedonia.

2.2. Tissue samples

From each animal, spleen and blood samples were collected, im-
mediately to 3h (for the hares) after the death of the animal. The
samples were immediately placed at 2-5 °C and were transferred to the
Laboratory in 1 to 24 h after collection, where they were immediately
processed as follows. From the spleen an imprint smear was performed
and a 20-25 mg fragment was sliced, placed in a sterile tube and stored
at -80°C until DNA extraction. Selection of spleen was based on prior
observations which showed both early dissemination of Leishmania
parasites (Almeida et al., 1996) and high parasitic burden that remains
at high levels when in other organs (i.e. the liver) ultimately declines
(Liese et al., 2008).

Blood samples were obtained from the jugular vein during the
slaughtering procedure for the domestic rabbits, or from the heart
chambers for the rest of the animals, centrifuged at 3000 rpm for
15min and sera were collected and stored at —20 °C until their ex-
amination.

2.3. Parasitological examination (cytological smears)

The spleen imprints were fixed with methanol for 5 min and stained
with Giemsa stain (1/20 dilution). The stained smears were examined
under a light microscope at 1000 X magnification. Microscopic ex-
amination included a total of 1000 fields of view per smear or the whole
smear (when there were < 1000 oil immersion fields per smear).

2.4. Serological examination
A total of 683 sera (393 from rabbits, 90 from hares and 200 from

minks) were examined for the detection of specific IgG antibodies
against Leishmania spp. by an in house enzyme-linked immunosorbent
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assay (ELISA) as described before (Kouam et al., 2010; Kantzoura et al.,
2013), using specific secondary antibodies, i.e. peroxidase labelled goat
Anti-Ferret IgG (H + L), KPL®USA for the mink sera and Anti-rabbit IgG
whole molecule alkaline phosphatase conjugate A-8025 SIGMA®USA,
for the rabbit and hare sera. Optical densities were measured with a
405 nm measurement for the reactions with alkaline phosphatase and at
450 nm for the reactions with peroxidase and a 630 reference filter to
reduce background signal, using the microplate reader HUMAN
READER (HUMAN Diagnostic Systems, Germany). Positive and nega-
tive control sera for the lagomorphs were kindly provided by Dr. R.
Molina (Unidad de Entomologia Médica, Servicio de Parasitologia,
Centro Nacional de Microbiologia, Instituto de Salud Carlos III, Madrid,
Spain). For the examination of the minks, dog positive and negative
control sera were used. The cut off value was determined for every
ELISA plate as the mean of negative controls plus three standard de-
viations (Voller et al., 1980).

2.5. DNA extraction and PCR amplification

DNA was extracted from spleen tissue samples using the Nucleo Spin
Tissue Kit (Macherey-Nagel, Duren, Germany) according to the manu-
facturer's instructions.

DNA concentration and quality were determined spectro-
photometrically. Absorbance readings were taken at 230, 260 and
280 nm, and the ratio As3p.260:280 Was calculated for DNA purity de-
termination. All samples used had ratios around 1:1.8:1. DNA samples
were stored at —20 °C until further processing.

A PCR assay of 25 pl volume was used, targeting the internal tran-
scribed spacer 1 region (ITS1) using primers LITSR (5’-CTGGATCATT
TTCCGATG-3") and L5.8S (5-TGATACCACTTATCGCACTT-3") (El Tai
et al., 2000). The PCR mixture comprised of 1 x PCR buffer (50 mM
KCl, 10 mM Tris-HCI pH 8.5,1.5 mM MgCl,, 0.1% Triton X-100), 2U
Taq DNA polymerase (MINOTECH, Heraklion, Crete, Greece), 0.2 mM
dNTPS, 0.5 uM of each primer, 4 pl of extracted DNA and distilled water
up to 25ul (Schonian et al., 2003). The thermal cycling (T100™
Thermal Cycler, Bio-Rad, California, USA) conditions comprised of in-
itial denaturation at 94 °C for 2 min, followed by 35 cycles of dena-
turation at 94 °C for 60s, annealing at 53 °C for 30s and extension at
72 °C for 60s, followed by final extension at 72 °C for 10 min (Schonian
et al,, 2003). As positive control extracted DNA from L. infantum
(MCAN/GR/2009/GD70) cultures of strains (Ntais et al., 2013), iso-
lated in the Laboratory of Clinical Bacteriology, Parasitology, Zoonoses
and Geographical Medicine of the Faculty of Medicine, University of
Crete was used. As negative control, blood samples from a dog that had
been proved negative for Leishmania according to serology, culture and
PCR amplification was used. PCR products were subjected to electro-
phoresis in 1.5% agarose at 90 V in 1 X TAE (Tris-acetate-EDTA) buffer
and visualized under UV light. The agarose was stained by adding Gel
Star™ Nucleid Acid Gel Stain (Lonza Rockland, Inc., Rockland, ME USA)
prior casting the gel.

2.6. Statistical analysis

The prevalence of Leishmania infection among the populations of
rabbits, hares and minks was assessed using 95% confidence intervals
(C.L). Subsequently, the association of animal species with Leishmania
infection was evaluated using the Fisher's exact test. The same statis-
tical test was also used to determine the relation between the pre-
valence of the infection in each animal population with different ani-
mal's characteristics (i.e. sex, body condition, locality and breeding
method).

2.7. Mapping of the results

Geographical coordinates were obtained for all samples and the
proportion of positive cases, for each animal species in each Regional
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Table 1

Sample size and proportion with the corresponding 95% C.I. of Leishmania in-
fection as determined with serology and molecular analysis methods in three
animals species, i.e. rabbits, hares and minks, in Greece.

Method Rabbits Hares Minks
ELISA

N# positive 30 6 40

N# total 393 90 200
Prevalence 7.6% 6.7% 20%
95% C.I (5.0-10.3) (1.5-11.8) (14.5-25.5)
PCR

N# positive 3 2 2

N# total 116 56 95
Proportion 2.6% 3.6% 2.1%
95% C.L (0.0-5.5) (0.0-8.4) (0.0-5.0)

Unit, was mapped using the geographical information system software
(GIS; ArcGIS 10.2).

3. Results

3.1. Percentage of L. infantum positive spleen smears and estimated ELISA
and PCR prevalence

Microscopic examination of the spleen imprints was negative for
Leishmania spp. amastigotes in all 683 prepared samples. In the ser-
ological examination, specific anti-Leishmania IgG antibodies were
detected in 30 rabbits (7.6%, C.I. 5.0-10.3%), 6 hares (6.7%, C.I
1.5-11.8%) and 40 minks (20%, C.I. 14.5-25.5%). In the molecular
analysis, parasite DNA was detected in 3 rabbit spleen samples (2.6%,
C.I. 0.0-5.5%), 2 hare samples (3.6%, C.I. 0.0-8.4%) and 2 mink
samples (2.1%, C.I. 0.0-5.0%) (Table 1). All samples positive by mo-
lecular methods belonged to seropositive animals.

The GIS mapping of the seropositive samples is presented in Fig. 1.

3.2. Relationship between L. infantum infection and animal explanatory
variables

The localities from where the examined animals originated are
shown in Fig. 1. According to the sex determination, the animals ex-
amined were 240 male and 116 female rabbits, 51 male and 31 female
hares and 85 male and 23 female minks. The sex was not recorded in 37
rabbits, 8 hares and 23 minks. Regarding body condition assessment,
329, 35, 29 rabbits and 176, 18 and 6 minks were classified in good,
bad and unassessed body condition, respectively (FAO, 1997; Lariviére,
1999). No external lesions, splenomegaly or hepatomegaly, were ob-
served in any of the animals.

The prevalence of infection according PCR results was similar in the
different animal species and didn't differ according to any of the other
independent variables examined (Fisher's exact test, p =.788). In
contrast, seroprevalence was significantly greater in minks than in
rabbits and hares (p < .001) and marginally greater in rabbits than in
hares (p = .063).

Furthermore, the relation of seropositivity within species, regarding
different animals' characteristics, is presented in Table 2. In rabbits,
neither sex nor body condition was related to seropositivity. On the
contrary, breeding method was found highly related to seropositivity
(p < .001), with homestead rabbits showing the highest prevalence
(22%). On the other hand, wild and rabbits in intensive farms were less
prevalently infected with corresponding percentages of 1% and 5%
respectively. The locality the rabbits were reared was also statistically
associated with seropositivity (p < .001), but this was also influenced
by the breeding method practiced in each locality. More precisely,
Serres Regional Unit had the highest prevalence of seropositive rabbits
(28.9%), but at the same time it had the highest number of homestead
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rabbits examined than the other Regional Units. Regarding hares, none
of the two assessed factors, i.e. sex and locality, was statistically asso-
ciated with seropositivity. On the contrary, in minks, sex was related to
positive serological result (p = .004), with females being almost twice
more prevalently infected than males (0.282 vs 0.174). Furthermore,
infection was to be associated with body condition in minks
(p < .001), i.e. seropositivity was found to be much higher in minks
with bad (55.6%) than with good (17%) body condition.

4. Discussion

Despite the indications of possible involvement of lagomorphs in the
epidemiology of leishmaniosis and the consequent implications to
public health (Arce et al., 2013; Gomez-Barroso et al., 2015; de la Cruz
et al., 2016), information regarding the infection rates of these animals
in Greece is limited to a previous study conducted on 166 hares, ori-
ginating from only two Regional Units in Northern Greece. In that
survey, 23.49% of the animals were found by PCR to be infected
(Tsokana et al., 2015). However, information about sex or signs of
disease in these animals is lacking. In the present study, the hares were
collected from 6 Regional Units of Northern Greece and it is noteworthy
that all positive samples belonged to hares originating exclusively from
the Regional Units where the positive animals of the previous study
(Tsokana et al., 2015) were found, i.e. Thessaloniki and Chalkidiki
(Fig. 1). These results warrant further epidemiological investigation in
this animal species, in various areas of the country, ideally combined
with entomological surveys that may reveal different dominant sand fly
species in each area.

In a similar study conducted by molecular methods in free-ranging
hares in Spain, the prevalence of infection was found to be 43.6% (Ruiz-
Fons et al., 2013). This result indicates that these animals may poten-
tially play the role of reservoir host for Leishmania parasites in Europe,
as they are abundant and frequently translocated for hunting purposes
among European countries, a fact that increases the possibility of in-
troducing the parasite to new areas via infected animals (Ruiz-Fons
et al., 2013). The same conclusion was suggested in a study conducted
in the area of the outbreak in Madrid, which revealed 74.1% prevalence
of infection by serology (Moreno et al., 2014). The impressively high
percentages of infected lagomorphs found in Spain may be attributed to
the known preference of P. perniciosus, the main sandfly species in-
volved in the transmission of the parasite in the country, for hares
(Jiménez et al., 2014). Similar studies involving the proven or the po-
tential vectors of L. infantum in Greece, i.e. P. neglectus, P. perfiliewi, P.
tobbi (Ntais et al., 2013), would provide important information about
the possible contribution of lagomorphs in the epidemiology of leish-
maniosis in Greece.

Infected wild rabbits were reported in Spain, where the prevalence
of infection ranged between 0%-75.4% by serology and between
0.6%-20.7% by molecular methods (Chitimia et al., 2011; Garcia et al.,
2014; Jiménez et al., 2014; Moreno et al., 2014). This wide range of
prevalence results provoked controversial conclusions among the cor-
responding studies in regard to the possible role of rabbits in the epi-
demiology of leishmaniosis (Chitimia et al., 2011; Diaz-Saez et al.,
2014; Jiménez et al., 2014).

Data about Leishmania infection in minks are scarce worldwide. In a
relevant report from Spain, one of the two (1/2) European minks
(Mustela lutreola) examined by real time PCR was found positive (Del
Rio et al., 2014).

There is also a report of Leishmania detection by PCR, in a Greek
farm, in 3 out of 14 examined neonatal minks with haemorrhagic
pneumonia attributed to Pseudomonas aeruginosa (Filioussis et al.,
2018). The species of minks examined is not reported, while a sug-
gested interpretation of how a high percentage of neonatal minks were
found infected in April (no previous sandfly activity) is missing. How-
ever, species of minks would be worth investigating further as potential
reservoirs of the parasite, because they are abundant wild animals and
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Fig. 1. Geographical distribution of Leishmania seropositi

Table 2
Statistical analysis of the factors related to Leishmania infection in three animals
species, i.e. rabbits, hares and minks, in Greece.

Species  Factor Factor levels N# of Proportion of p-Value
positives positives
Rabbits  Sex Male 23 0.100 0.235
Female 7 0.006
Body Good 30 0.093 0.058
Condition Bad 0 0.000
Breeding wild 1 0.010 < 0.001
method Homestead 19 0.220
Farmstead 10 0.050
Location Limnos 1 0.010 < 0.001
Thessaloniki 12 0.060
Chalkidiki 6 0.113
Serres 11 0.289
Hares Sex Male 3 0.020 1.000
Female 3 0.032
Location Thessaloniki 3 0.031 1.000
Kilkis 0 0.000
Serres 0 0.000
Chalkidiki 3 0.029
Imathia 0 0.000
Minks Sex Male 16 0.174 0.004
Female 24 0.282
Body Good 10 0.170 < 0.001
condition Bad 30 0.556

ive rabbits, hares and minks in the examined areas of Greece.

also, in some areas, are being raised for their fur. The fact that Spain
and Greece are the 7th and 8th biggest contributors in mink fur farming
in Europe respectively, according to the European Fur Breeder's Asso-
ciation data of 2011, make further studies in these endemic countries
relevant. In the present study Leishmania DNA was detected in 2 out of
the 95 minks examined. Interestingly, seroprevalence was determined
quite higher, at 20%, showing that these animals often come in contact
with the parasite through sandfly bites. The use of control sera from
dogs in the present study may be considered a drawback. However, we
selected to use control sera from the closest, from a zoological point of
view, animal to minks available (both species belonging to the order
Carnivora). Furthermore, it was observed that dog negative sera
showed similar ODs with the majority of the mink sera (evaluated as
negative). More precisely the mean OD value for dog negative sera from
all ELISA plates was 0.238 (0.203-0.273) and the mink sera evaluated
as negative had a mean OD value of 0.242 (0.185-0.300). The fact that
minks were found statistically more likely to be seropositive than la-
gomorphs cannot be unequivocally interpreted, because minks origi-
nated from a different area than the examined lagomorphs, thus mul-
tiple factors could have influenced the result. For example, it is possible
that the variation in sand fly species and abundance in different areas
influence the seropositivity rates in these animals. It is noteworthy that
female minks showed significantly higher prevalence of infection, most
probably because of the rearing system applied in the farms, on the
basis of which females are bred for a longer period of time than males,
hence having higher chance of contact with the vector due to their
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longer life. The question remains whether these animals acquire and
establish an infection and, most importantly, whether they pass the
parasite to competent vectors.

Estimation of Leishmania seroprevalence in wild animals is chal-
lenging, as the performance of serological tests has not been ultimately
optimized (Portts et al., 2002; de la Cruz et al., 2016). It has been
suggested that the accuracy of these tests could be affected by cross
reactions, mostly with other trypanosomatids (Diaz-Saez et al., 2014).
Furthermore, the absence of species-specific antibodies for the various
wild animal species makes standardisation of serological tests and the
comparison of results in serology between studies challenging (Millan
et al., 2014). The inconsistency between the diagnostic methods (ELISA,
PCR) applied in the present study has also been recorded in previous
studies in wild animals (Tsakmakidis et al., 2017), and may be attrib-
uted to the limited specificity of serological tests (Garcia et al., 2014),
but also to the level of sensitivity of the molecular method applied, that
depends on various factors such as the tissue sample used, target se-
quence, primers set selected, parasitic load, and stage of infection
(Lachaud et al., 2002; Paradies et al., 2010; Hitakarun et al., 2014; de la
Cruz et al., 2016). As documented, Real-Time PCR targeting kinetoplast
DNA (kDNA) is more sensitive for the detection of subclinical L. in-
fantum infections compared to end-point PCRs targeting ITS sequences
techniques, as the one applied here (Mohammadiha et al., 2013; Pereira
et al., 2014; Ceccarelli et al., 2017). Another reason for such incon-
sistencies could be that some animals are probably capable of elim-
inating infection whilst antibodies may persist for several months
(Martin-Sanchez et al., 2007). At the same time, we do not know for
how long antibodies remain detectable (after inoculation of the parasite
by the sand fly) in the different animal species, if infection is not es-
tablished; this may affect the results of a survey depending on the time
of the year it is conducted. Furthermore, the negative results in mi-
croscopic examination of spleen imprint smears in all the animal species
examined, could be attributed to the low parasitic burden (Marcelino
et al., 2011; Garcia et al., 2014) and also to the random selection of
fragments for the preparation of imprint smears (Helhazar et al., 2013).
The evidenced low parasitic burden, considered together with the re-
latively low prevalence of infection in lagomorphs and minks found by
molecular analysis in the present study, rather suggest low infectivity of
these animals to the vectors. On the other hand, the absence of both
skin and visceral lesions suggests a limited clinical impact in these
animals, which is the case in most infections of wild animals (Millan
et al., 2011), a characteristic that may enhance parasite availability to
the vectors, as infected animals may survive for a long time.

From an epidemiological point of view, it is interesting to note that
in rabbits, infection was strongly related to the breeding method, with
homestead rabbits showing the highest seroprevalence (22%). This
could be explained by the insufficient measures of insect control ap-
plied in homestead farms, and also, by the fact that in such farms the
rabbits are usually reared in an environment where dogs are abundant.
In such conditions, where lagomorphs, dogs and humans live close to-
gether, the role of lagomorphs in the epidemiology of leishmaniosis
may become important, as it has been evidenced before (Diaz-Saez
et al., 2014).

To the best of the authors' knowledge, this is the first report of
Leishmania infection in Mustela vison and farmed Oryctolagus cuniculus.
The results of the present study would suggest that lagomorphs and
minks may play a minor role in the epidemiology of leishmaniosis in the
examined areas. On the other hand, under favouring circumstances, e.g.
high infection pressure formed by close co-existence with humans and
infected dogs, these animals would fulfil the requirements of reservoirs
hosts. In this context, further epidemiological studies on a larger scale,
involving lagomorphs and minks as well as other animal species are
warranted.
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