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Abstract

To date, sand flies (Phlebotominae) are the only recognized biological vectors of Leishmania infantum, the causative agent
of human visceral leishmaniasis, which is endemic in the Mediterranean basin and also widespread in Central and South
America, the Middle East, and Central Asia. Dogs are the main domestic reservoir of zoonotic visceral leishmaniasis, and
the role of secondary vectors such as ticks and fleas and particularly Rhipicephalus sanguineus (the brown dog tick) in trans-
mitting L. infantum has been investigated. In the present paper, the presence of Leishmania DNA was investigated in quest-
ing Ixodes ricinus ticks collected from 4 rural areas included in three parks of the Emilia-Romagna Region (north-eastern
Italy), where active foci of human visceral leishmaniasis have been identified. The analyses were performed on 236 DNA
extracts from 7 females, 6 males, 72 nymph pools, and 151 larvae pools. Four samples (1.7%) (i.e., one larva pool, 2 nymph
pools, and one adult male) tested positive for Leishmania KDNA. To the best of our knowledge, this is the first report of the
presence of Leishmania KDNA in questing I. ricinus ticks collected from a rural environment. This finding in unfed larvae,
nymphs, and adult male ticks supports the hypothesis that L. infantum can have both transstadial and transovarial passage
in [. ricinus ticks. The potential role of I. ricinus ticks in the sylvatic cycle of leishmaniasis should be further investigated.
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Introduction cycle, the dog is traditionally recognized as a reservoir (Podaliri

Vulpiani et al. 2011), for its high susceptibility to the infection

Leishmania infantum (Kinetoplastea, Trypanosomatida) is the
causative agent of human visceral leishmaniasis, an important
zoonosis endemic in the Mediterranean basin and also wide-
spread in Central and South America, the Middle East, and Cen-
tral Asia (Alvar et al. 2012). The parasite is naturally transmitted
to humans by phlebotomine sand flies and, in the peridomestic
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and heavy skin parasitism (Dantas-Torres 2007).

Sand flies are the only recognized biological vectors for L.
infantum, and their rapid geographical spread is followed by
the spread of leishmaniasis into previously free areas (Dujar-
din et al. 2008), although secondary routes of transmission
(i.e., transfusions, vertical in utero transmission, and venereal
transmission) of little epidemiological relevance have been
reported in dogs (de Freitas et al. 2006; Silva et al. 2009;
Boggiatto et al. 2011). However, a possible role of secondary
vectors such as ticks and fleas has been suggested (Coutinho
et al. 2005; 2007). In particular, the brown dog tick Rhipi-
cephalus sanguineus has received a lot of attention mainly due
to its parasitic life cycle and its close relationship with dogs in
both rural and urban areas, being highly adapted to live within
human dwellings (Dantas-Torres 2010). Although a consider-
able amount of research has been carried out to investigate the
presence of L. infantum in R. sanguineus collected from dogs
(Colombo et al. 2010; Dantas-Torres et al. 2010a; Solano-
Gallego et al. 2012; Campos and Costa 2014; Medeiros-Silva
et al. 2015) and possible transmission routes (e.g., ticks bites,
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ingestion of infected ticks) (McKenzie 1984; Coutinho et al.
2005), their role in the transmission of L. infantum has been
debated (Otranto and Dantas-Torres 2010) and is still ques-
tioned. L. infantum DNA was also detected in the castor bean
tick Ixodes ricinus: particularly, Trotta et al. (2012) found it
in ticks collected from dogs in Central Italy, and subsequently
Salvatore et al. (2014) detected it in I. ricinus from both dogs
and cats in Northern Italy, areas where human visceral leish-
maniasis is endemic. To the best of our knowledge, no previ-
ous research has been performed to establish the presence of
Leishmania spp. in questing ticks from rural environments.
The present study is focused on the search of Leishmania
spp. in I. ricinus questing ticks collected from three parks
of Emilia-Romagna region (northeastern Italy), in hilly areas
where human visceral leishmaniasis has long been described.

Material and methods
Sampling

The analyses were performed on DNA extracts from quest-
ing Ixodes ricinus ticks collected from April to October
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2010 in 4 sites within 3 parks of the Emilia-Romagna region
(Fig. 1). The parks are located along the hilly area of the
Apennines, where the presence of autochthonous cases of
leishmaniasis has been described in both humans and dogs
(Mollicone et al. 2003; Varani et al. 2013). The area is char-
acterized by a series of gypsum outcrops, closed valleys,
cliffs, forested mountains, and gray calanques alternated
with farmland. The sampling sites are natural pathways and
picnic areas with habitual human attendance. Questing ticks
were collected every 15 days by continuously flagging with
a 1 m? white cotton cloth, from transects of 20 m along
the uphill side of the pathways, usually reported as having
higher tick density than the downhill side, while the pic-
nic areas were flagged completely as described in detail by
Aureli et al. (2015). Collected ticks were preserved in 70%
ethanol at room temperature. Following morphological iden-
tification performed according to Manilla (1998) and Iori
et al. (2005), ticks (individual adults, and pools consisting
of either 5 nymphs or 10 larvae) were processed for DNA
extraction as described by Aureli et al. (2015). Overall, 236
DNA extracts from 7 females, 6 males, 72 nymphs pools
(i.e., 380 nymphs) and 151 larvae pools (i.e., 1510 larvae)
were analyzed.
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Fig.1 Map of the four sampling sites distributed in three parks
of Emilia-Romagna region. Gessi Bolognesi and Calanchi
dell’Abbadessa Park: “number 1 in yellow circle” Ca’ de Mandorli
and “number 2 in blue circle” Ciagnano. Monteveglio Abbey, Park
site: “number 3 in green circle”; Carn¢ Park site “number 4 in pink
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circle”. Park borders are marked with black lines. “Asterisk symbol in
red circle”Active foci of human visceral leishmaniasis in Valsamog-
gia and Pianoro (VL single cases have been reported along the whole
foothill side)
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DNA analysis

To detect the presence of Leishmania kDNA, a real-time
PCR protocol was performed targeting a 71-bp region of the
minicircle kinetoplast DNA using the primer pair Leish71Up
(5'-CCAAACTTTTCTGGTCCTYCGGGTAG-3") and
Leish71Do (5-TGAACGGGATTTCTGCACCCATTTTTC-
3") (Tsakmakidis et al. 2017) and following the conditions
reported by Magri et al. (2022a, b).

Results and discussion

Out of the 236 I. ricinus DNA extracts, 4 (1.7%) tested posi-
tive for Leishmania sp. in 2 of the four sites examined: 2
nymph pools (5.4%) and 1 adult male (33.3%) from Mon-
teveglio Abbey Park and 1 larva pool (2.3%) from Carné
Park (Table 1).

Previous research mainly investigated the brown dog tick as
apossible vector of L. infantum, and several studies showed the
presence of L. infantum DNA in R. sanguineus collected from
dogs affected by canine leishmaniasis (Coutinho et al. 2005; Paz
et al. 2010; Campos and Costa 2014; Medeiros-Silva et al. 2015;
Viol et al 2016) and from seronegative dogs living in endemic
areas (Solano-Gallego et al. 2012). Nevertheless, the finding
of Leishmania DNA in R. sanguineus ticks could be expected,
given their blood feeding habits. Further work speculated that
brown ticks can transmit canine leishmaniasis: Dantas-Torres
et al. (2010a) reported the presence of L. infantum KDNA in
the salivary glands of R. sanguineus ticks, corroborating the
hypothesis that ticks could inject Leishmania parasites while

blood feeding. Colombo et al. (2010) found viable Leishma-
nia by RNA analysis in ticks 7 to 10 days after their removal
from the dogs, showing that the parasite could survive for a long
period in ticks, even after ecdysis had occurred in laboratory
conditions. Dantas-Torres et al (2010b) demonstrated the transo-
varial passage of L. infantum kDNA in artificially infected R.
sanguineus, and a subsequent study (Dantas-Torres et al. 2011)
reported the detection and quantification of L. infantum DNA
in field-collected engorged females and in their eggs and larvae.
The transstadial and transovarian transmission of L. infantum in
R. sanguineus was further confirmed by Dabaghmanesh et al.
(2016). Medeiros-Silva et al. (2015), isolated Leishmania spp.
in cultures from salivary glands and intestines of ticks collected
from dogs; interestingly, it was possible to culture the parasite
also from pools of unfed male ticks suggesting that Leishmania
could persist in the brown tick after blood digestion (Medeiros-
Silva et al. 2015). L. infantum DNA was also reported from
questing Rhipicephalus spp. from Israel (Mumcuoglu et al.
2022). Finally, further studies demonstrated the capability of
R. sanguineus nourished on infected dogs to transmit the para-
sites to hamsters (Almeida et al. 2016). Based on these findings,
although sand flies are the recognized vectors of Leishmania, a
minor role of the dog brown tick could not be excluded.

Concerning tick species other than R. sanguineus, also I.
ricinus collected from dogs in central Italy was found posi-
tive for L. infantum (Trotta et al. 2012). Moreover, Salva-
tore et al (2014) found Leishmania KDNA in I. ricinus ticks
removed from 4 dogs and 1 cat living in areas of northeast-
ern Italy where canine leishmaniasis is endemic, although
no anamnestic data related to infection in these animals were
reported.

Table 1 Number of specimens

. . . Gessi Bolognesi
examined according to sampling

. and Calanchi
sites and developmental stages. dell’Abadessa
T = total; P = positive Park -
1Ca 2 Ciag- 3 Monteveglio Abbey 3 Carne Park  Total
de nano Park
Man-
dorli
T P T P T P T P T P
Adult females 301 0 3 O 0 - 7 0
Adult males 2 0 1 3 1(33.3%) 0 - 6 1 (16.6%)
(95% CI: 0.0-53.3) (95% CI: 0.0-46.37)
Nymphs (pools) 24 0 11 0 37 2(54%) 0 - 72 2(2.8%)
(95% CI: 0.0-12.7) (95% CI: 0.0-6.61)
Larvae (pools) 13 0 74 0 21 43 1(2.3%) 151 1(0.66%)
(95% CI:
0.0-
35.5)
Total 42 0 87 0 64 3(47%) 43 1 236 4 (1.7%)

(95% CI- 0.0-9.9) (95% CI- 0.05-3.3)

T total; P positive
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In the Argentine Patagonia, Millan et al. (2016) observed
the presence of Leishmania DNA in the gray fox Pseu-
dalopex griseus and in pools of Amblyomma tigrinum ticks
collected from both positive and negative foxes, in a remote
non-endemic area of South America, where dogs are scarce
and sand flies are not known to be present, supporting the
hypothesis that L. infantum could maintain a sylvatic cycle
in the studied area, not involving dogs or sand flies.

Interestingly, in the same areas where the present study
was carried out, a high positivity rate for L. infantum
(33.3%) was observed in the roe deer Capreolus capreolus
(Magri et al. 2022a, b), and blood meal preference for this
species was found in sand flies (Calzolari et al. 2022), sug-
gesting the possible involvement of C. capreolus (frequently
hosts of the adult stages of 1. ricinus) in the epidemiology of
leishmaniasis in the area under study.

Conclusions

To the best of our knowledge, this is the first description of
Leishmania DNA in questing 1. ricinus ticks collected from a
rural environment. This finding in unfed larvae, nymphs and
males support the hypothesis that, even in this tick species, L.
infantum could have both transstadial and transovarial trans-
mission. The percentage (1.7%) of ticks positive to Leishmania
DNA obtained in our study appears lower than the one reported
in sand flies in other research (2.9-57.1%), stressing the fact
that phlebotomine flies are the sole Leishmania efficient proven
vector (Aransay et al. 2000; G6mez-Saladin et al. 2005; Ergunay
et al. 2014; Gonzalez et al. 2017; Latrofa et al. 2018). Neverthe-
less, a role of I. ricinus in a sylvatic cycle, albeit minor, could
not be excluded in the endemic areas under study.
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