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ARTICLE INFO ABSTRACT

Keywords: Thelazia callipaeda is a zoonotic parasite causing ocular disease in domestic dogs, cats, several wild carnivores,

Alps hares, and humans. This nematode is widely distributed in Europe, where it is transmitted by the drosophilid fly

Eyeworm Phortica variegata. Since the first report of infection in grey wolves (Canis lupus) from southern Italy, other cases

Thelazia callipaeda - . . . . . . . .

WildIif of thelaziosis have been recorded in this animal species throughout Europe, raising questions about their role in
1 1re . - . . . . PR .

Wolf spreading T. callipaeda. Indeed, for their wandering behavior through long distances and living in woody areas

Zoonosis where the vectors thrive, wolves may act as reservoirs and spreaders of thelaziosis. In this study we reviewed the

literature about wolves acting as reservoirs of T. callipaeda in Europe. In addition, we report the first detection of
T. callipaeda eyeworms in grey wolves in the Italian Alps, discussing its possible implications in the epidemiology
of thelaziosis in the Alpine landscape. Animals (n = 3) included in this study were originated from the Italian
Alps, one juvenile male wolf was found dead, and the other two were seven-year-old males translocated from
Piedmont region to a Zoological Garden, in Tuscany. All animals were infected with eyeworms, which were
morphologically and molecularly identified as T. callipaeda. Data herein presented confirm those available in the
literature about the circulation of a unique cox1 haplotype in Europe. In addition, the report of T. callipaeda in
wolves from the Alps suggests an ecological continuity of habitats which are suitable for the distribution of
T. callipaeda from the southern to northern Italy through the Apennine backbone. Retrospectively, it could also
explain the spreading of the oriental eyeworm infection in Europe over the last 20 years with many wild car-
nivores, such as foxes and possibly wolves, playing a pivotal role as reservoirs of the infection for dogs, cats and
humans.

1. Introduction above-mentioned vertebrate hosts (Otranto et al., 2004; Vale et al.,

2020), after being transmitted by drosophilid flies of the Phortica genus

Among the zoonotic parasites affecting wildlife and humans, Thelazia
callipaeda is widely distributed in Europe, representing a health concern
for domestic dogs and cats, several wild carnivores (e.g., foxes, wolves,
bears), hares, and humans (Dorchies et al., 2007; Otranto et al., 2009;
Mir¢ et al., 2011; Baneth et al., 2016; Papadopoulos et al., 2021). This
nematode is known as eyeworm since its late larval stages (i.e., L3, L4
and L5) and adults develop in the conjunctival sac of the

(Otranto et al., 2005). To date, two Phortica spp. are recognized as
vectors of T. callipaeda (i.e., Phortica variegata in Europe, and Phortica
okadai in Asia) under natural and experimental conditions (Otranto
et al., 2005; Jin et al., 2021). Recently, a third species, Phortica old-
enbergi has shown to be a competent vector of this nematode, under
experimental conditions (Bezerra-Santos et al., 2022 [submitted]).
Records of T. callipaeda in wildlife species in the European Alps are
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scanty, with an autochthonous case of thelaziosis reported in a dog from
this landscape in Germany (Magnis et al., 2010). In addition, the
infection was reported in foxes, dogs and cats in surrounding areas in
Southern Switzerland, as well as in Phortica spp. vectors (Roggero et al.,
2010; Malacrida et al., 2008) suggesting that a transmission cycle of
T. callipaeda in the Alps may occur among domestic and wildlife carni-
vores. The wild fauna of this area includes several vertebrates such as
foxes, wolves, red and roe deer, Northern chamois, Alpine ibex, wild
boars, hares, rodents, lizards, amphibians, and birds (Spagnesi et al.,
2017), including rare and protected taxa. The most iconic one, the grey
wolf (Canis lupus), successfully recolonized the Western Alps in the last
three decades, after more than 50 years of extirpation due to formerly
legal persecution (Musto et al., 2021). Nowadays, the expansion of grey
wolf population has also being observed in anthropized areas due to the
saturation of undisturbed environments (Bassi et al., 2015; Meriggi
et al., 2020; Musto et al., 2021), leading to human-wildlife contacts and
increasing the risks of transmission of zoonotic parasites (Jenkins et al.,
2015; Moroni et al., 2020). Here, we report the first detection of this
eyeworm species in grey wolves in the Italian Alps, discussing its
possible implications in the epidemiology of thelaziosis.

2. Material and methods
2.1. Case reports

The study was carried out in two locations in the Italian Western
Alps. Wolf 1 was an illegally culled juvenile (5-month-old) from Lozzolo
in the province of Vercelli, Piedmont, Italy (45°38'N 8°19'E). Eyeworms
in active motion were observed during the forensic necropsy of the fresh
wolf cadaver carried out at the Department of Veterinary Sciences of the
University of Turin (Italy) in the frame of the Life WolfAlps EU pro-
gramme (https://www.lifewolfalps.eu/). Nematodes were collected and
placed in 70% alcohol for posterior analysis. Wolves 2 and 3 were 7
years old siblings translocated from “La Torbiera” wildlife park in Agrate
Conturbia in the province of Novara (45°40'35"N 8°33'08"E) to the
“Zoological Gardens” of Pistoia in Tuscany (Italy). Animals arrived with
ocular discharge, and 20 days later one of them presented blepharo-
spasm, corneal redness, and palpebral wounds (i.e., paracentral corneal
ulcer with perforation and prolapse of the iris probably caused by
scratching). Ocular thelaziosis was suspected and both animals sharing
the same enclosure were examined under general anesthesia by a
veterinarian. Several adult worms were manually collected and stored in
70% alcohol. Both animals were treated with ivermectin (Noromectin®
1%, Vetoquinol, 0.2 mg/kg, once subcutaneous), and the one with
palpebral injuries also received an antibiotic therapy with injectable
cefovecin sodium (Convenia®, Zoetis Italia s. r.l., 8 mg/kg, once
subcutaneous).

2.2. Morphological and molecular analysis

Adult nematodes were firstly identified according to morphological
keys (Otranto et al., 2003, 2004). Molecular analysis was performed to
confirm the morphological identification. For this, genomic DNA was
extracted from individual worms using Dneasy Blood & Tissue Kit
(Qiagen, Hilden, Germany). Thereafter PCR analysis was performed
using the primers NTF (5-TGATTGGTGGTTTTGGTAA-3') and NTR
(5'-ATAAGTACGAGTATCAATATC-3') that amplify a portion (689bp) of
the mitochondrial cytochrome c oxidase subunit 1 (cox1) gene. Ampli-
cons were purified and sequenced in both directions using the Big Dye
Terminator v.3.1 chemistry in a 3130 Genetic analyzer (Applied Bio-
systems, California, USA) in an automated sequencer (ABI-PRISM 377).
Sequences were analyzed using MEGA7 software and compared with
sequences available in GenBank through the BLAST search tool.
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3. Results

Nematodes were detected in both eyes of all three animals (n = 41 in
wolf 1; n = 8 in wolf 2; n = 7 in wolf 3; Fig. 1). Specimens were
morphologically and morphometrically identified as T. callipaeda
(Table 1). The specimens were characterized by striated cuticle
throughout the body. Females were 13.5 mm (SD =+ 1.24) long and 0.42
mm (SD + 0.03) wide, with the vulva located anteriorly to the
oesophagus-intestinal junction (Fig. 2a and b). All females observed
were gravid with presence of L1 in the uterus and close to the vaginal
opening (Fig. 2c). Males were 10.8 mm (SD + 1.47) long and 0.39 mm
(SD =+ 0.007) wide, presenting a short spicule on the right side, and a
long spicule on the left side (Fig. 2d). Molecular analysis and sequencing
of a portion of the mitochondrial cytochrome ¢ oxidase subunit 1 (cox1)
gene confirmed the species identification. Sequences presented 100%
nucleotide identity with T. callipaeda haplotype 1 available in GenBank
(AMO042549.1; OK662943.1). Obtained nucleotide sequences were
submitted to GenBank under the accession number: OM462655.

4. Discussion

This study reports the first cases of ocular thelaziosis by T. callipaeda
in grey wolves from peripheral zones of the Italian Alps. Since the first
report of T. callipaeda in wolves in Italy (Otranto et al., 2007), other
records on this host species have been published in different European
countries such as Romania (Mihalca et al., 2016), Serbia (Bojan et al.,
2019), Spain (Najera et al., 2020), and Greece (Papadopoulos et al.,
2021), demonstrating that this ecologically plastic canid is involved in
the transmission cycle of T. callipaeda in diverse habitat types in Europe.

In general, wild canids are particularly susceptible to infection by
T. callipaeda eyeworm and may harbor heavy infections by this parasite
(Vale et al., 2020). For example, red foxes (Vulpes vulpes), have been
reported with infection intensity of up to 192 T. callipaeda specimens
(lonica et al., 2018). The infection in carnivore hosts may vary from
asymptomatic to clinical signs characterized by conjunctivitis, mucus,
corneal ulcers, red eyes, blepharospasm, corneal oedema, and muco-
purulent discharge (Sargo et al., 2014; Papadopoulos et al., 2021). In
addition, the presence of adult worms in the eyes causes discomfort and
may expose the animals to opportunistic bacterial infections, which may
have more severe consequences (Rolbiecki et al., 2021).

Wolves are characterized by ample home-ranges, a dispersal
behavior of subadult individuals over long distances and an ecological
preference for woody areas where the Thelazia vectors also thrive. The
association of these characteristics make the wolf a candidate for acting
as a sylvatic reservoir and spreader of thelaziosis (Hodzic et al., 2014;
Liang et al., 2019). Indeed, several studies have demonstrated the direct
and indirect contact of these wild canids with humans and companion
animals (Bassi et al., 2021), which may contribute to the exchange of
zoonotic pathogens among wildlife, people and domestic hosts (Otranto
et al., 2015; Jenkins et al., 2015; Moroni et al., 2020; Bezerra-Santos
et al., 2021a,b). For example, a recent study on Dirofilaria immitis,
demonstrated the role of these wild canids as competent hosts of this
zoonotic nematode in a complex multi-environmental scenario
involving urban and domestic interface (Moroni et al., 2020). This
interaction in endemic areas for ocular thelaziosis may be an important
route of transmission of T. callipaeda to humans and domestic hosts. Data
herein reported highlight the need for passive-surveillance programs of
this zoonotic nematode in wild carnivores, eventually leading to rein-
forcement of awareness raising initiatives on actual ocular thelaziosis
distribution amongst companion animal practitioners.

In the Italian Alps, wolves thrived until the early 1900’s when they
were gradually extinguished; however, this wild carnivore became le-
gally protected in Italy in the early 1970’s, resulting in strengthening of
the survived peninsular population and the successive recolonization of
the alpine bioregion since the late Eighties, with an increase to a mini-
mum of 300 individuals by winter 2016/2017 (Marucco et al., 2012;


https://www.lifewolfalps.eu/

M.A. Bezerra-Santos et al.

International Journal for Parasitology: Parasites and Wildlife 17 (2022) 239-243

Fig. 1. Presence of Thelazia callipaeda in the conjunctival sacs of wolves (Canis lupus) from the Italian Alps.

Table 1
Morphometry of 5 specimens (2 male and 3 female) of Thelazia callipaeda from
naturally infected Canis lupus.

Representative samples S1g S23 S3¢ S4Q S5¢Q

Body length (mm) 11.84 9.76 12.61 12.90 14.88

Body width (u) 375 388 390 420 447

Buccal capsule length (1) 28 27 28 30 31

Buccal capsule width (p) 25 24 26 27 27

Nerve-ring from anterior 300 260 341 310 351
extremity (p)

Oesophagus length (mm) 680 630 710 720 728

Vulva from anterior - - 602 654 671
extremity (p)

Left spicule length (mm) 1.980 1.620 - - -

Right spicule length (1) 171 154 - -

Tail length (p) 65 61 69 71 74

Eggs (1) - - 60 x 41 58 x 41 59 x 44

Larvae L1 length (p) -range  — - 376-420  391-400  390-421

Pilgrim et al., 2018). Under the above circumstances, the first record of
T. callipaeda infecting grey wolves from the Italian Alps is of veterinary
and public health interest, as this wildlife species, along with other
carnivores (e.g., foxes, wild cats), may be acting not only as regional
wildlife sentinel but also in the maintenance and spreading of the

oriental eyeworm, increasing the risk of infection to humans and com-
panion animals inhabiting the Alps.

It is reasonable to assume that T. callipaeda infection risk in colo-
nizing wolves recently started when these wild carnivores established
themselves in low altitude peripheral zones of the Alps following the
saturation of remote wilderness areas at higher altitude and conse-
quently harsher climate. Modelling studies showed that optimum
ecological conditions for T. callipaeda vectors occurrence are found
mainly in hilly areas at a mean altitude of 804.8 m above sea level
(Marino et al., 2020). Furthermore, it is known that besides over-
wintering as adult in the conjunctival sac of competent hosts,
T. callipaeda is also capable to overwinter in Phortica spp. vectors before
the transmission to susceptible vertebrate hosts, in the next spring
(Otranto et al., 2006; Pombi et al., 2020). Nevertheless, further studies
are needed to understand if low mountain-dwelling wolves are able to
play a role as additional maintenance host of this zoonotic nematode,
aside dogs and red foxes.

5. Conclusions
The records of T. callipaeda in wolves from the Alps suggest an

ecological continuity of habitats which are compatible with the occur-
rence of this zoonotic nematode from the southern to northern Italy

Fig. 2. Thelazia callipaeda collected from the eyes of wolves. a) anterior end of a female; b) anterior end of a female highlighting the striated cuticle throughout the
body; c) presence of L1 in the uterus; d) posterior end of a male highlighting the short and long spicules.
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through the Apennine backbone. Retrospectively, it could also explain
the spreading of these oriental eyeworm infection in Europe over the last
20 years with many wild carnivores such as red foxes and possibly
wolves, playing a pivotal role as reservoirs of the infection for dogs, cats
and humans.
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