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Abstract

Thelazia callipaeda, originally known as an “Oriental eyeworm,” is a small nematode parasitizing the conjunctival sacs of
domestic and wild animals and humans. Previous studies conducted in Serbia have reported the eyeworm infections in dogs,
cats, and foxes, as well as in a human patient. As the data regarding thelaziosis from wildlife is still scarce, the aim of this study
was to investigate the presence of 7. callipaeda in gray wolf (Canis lupus) from Serbia. All collected nematodes were morpho-
logically identified as T. callipaeda males (n = 64) or females (n = 225). Molecular characterization, conducted by PCR
amplification followed by sequence analysis of partial cytochrome ¢ oxidase subunit 1 gene (coxI), revealed only haplotype 1
of T. callipaeda. The overall prevalence of thelaziosis was 38.1% (8/21). In all positive animals, both eyes were affected, with a
total parasitic load ranging from four to 132 worms per animal. Our results indicate the important epidemiological role of wolves
as wildlife reservoirs of 7. callipaeda, expanding geographic range of infection, as well as intra- and interspecies contact rates,

although the role of other wild carnivore species (i.e., foxes and jackals) should be investigated in future studies.
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Introduction

Thelazia callipaeda (Spirurida, Thelaziidae) is an insect-borne
nematode living in the conjunctival sac of domestic and wild
carnivores, rabbits, and humans (Anderson 2000). Regardless
of the definitive host species, the only confirmed vector for 7.
callipaeda under natural conditions in Europe is a zoophilic
fruitfly Phortica variegata (Drosophilidae, Steganinae)
(Otranto et al. 2006). The nematode was traditionally known
as “Oriental eyeworm” due to its occurrences in some Asian
countries and the former Soviet Union (summarized in
Otranto et al. 2009).
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After the first detection in dogs from Northern Italy
(Rossi and Bertaglia 1989), T. callipaeda has been in-
creasingly reported in dogs and cats from other
European countries including France (Dorchies et al.
2007), Switzerland (Malacrida et al. 2008), Germany
(Magnis et al. 2010), Spain (Mird et al. 2011), and
Portugal (Vieira et al. 2012). More recent findings indi-
cate that thelaziosis has been spreading in both domestic
and wild carnivores across the Balkan countries (Colella
et al. 2016), such as Bosnia and Herzegovina and
Croatia (Hodzi¢ et al. 2014) and Greece (Papadopoulos
et al. 2018). Although ocular infection was detected in
several species of wild animals (Otranto et al. 2009),
only a few cases of infection were confirmed in wolves
(Otranto et al. 2007, 2009; Mihalca et al. 2016).

In Serbia, thelaziosis was initially reported in dogs and cats
(Gaji¢ et al. 2014), with the first human case confirmed only a
few years later (Tasi¢-Otasevic et al. 2016). Despite the recent
detection of eyeworm infection in foxes (Pavlovi¢ et al. 2017),
data regarding wildlife from Serbia is still scanty. Therefore,
the aim of this study was to investigate the occurrence and
prevalence of zoonotic 7. callipaeda in a population of gray
wolf (Canis lupus) from different locations in Serbia.
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Material and methods

During the hunting season, 2016/2017 and 2017/2018, 21
wolves (11 males and 10 females) of different ages (6 year-
lings and 15 adults) were shot at 18 localities in Serbia. At
necropsy, both conjunctival sacs of shot animals were visually
examined and additionally flushed with saline solution (0.9%
NaCl) in order to retrieve present eyeworms. Collected nem-
atodes were stored in vials containing 70% ethanol. After
parasite counting and morphological identification according
to literature keys (Skrjabin et al. 1967; Otranto et al. 2003),
DNA was extracted from one specimen per infected animal by
DNeasy Blood and Tissue Kit (Qiagen). For PCR amplifica-
tion of a 689-bp DNA fragment of the cox/ gene, we used
primers described in Casiraghi et al. (2001) and PCR condi-
tions as in Otranto et al. (2005). Sequencing of the PCR prod-
ucts was obtained by a third party (Macrogene). Acquired
sequences were analyzed using BioEdit ver. 7.2.5, FinchTV
1.4.0 chromatogram viewer (Geospiza Inc.) and compared
with those currently available in GenBank by means of
Basic Local Alignment Search Tool (BLAST) analysis.

Results and discussion

Filiform, whitish-yellow nematodes were found in the con-
junctival sacs of 38.1% (8/21) wolves (one yearling and seven
adults) from seven localities with altitude ranging between
100 and 1100 m a.s.l. (Table 1; Fig. 1). In addition, both eyes
were affected in all positive animals, with a total parasitic load
ranging from four to 132 worms per animal. All collected
nematodes were morphologically identified as 7. callipaeda
adult males (Fig. 2a, b) or adult females (Fig. 2c¢).
Morphological findings were confirmed by molecular
methods and exclusively haplotype 1 (hl) of T. callipaeda
(GenBank accession no. AM042549; Otranto et al. 2005)

Fig. 1 Adults of T callipaeda in the conjunctival sac of a gray wolf
(Canis lupus)

was detected in all analyzed samples (n = 8). Additionally,
representative sequences were deposited to the NCBI
GenBank accession nos. MK034880, MK034881,
MK034882, and MK034883.

Previous studies investigating thelaziosis in wolves in
Europe were scarce and based on small sample size.
Parasites have been reported in only six infected animals out
of 18 examined, with the prevalence of infection ranging from
7.7 to 100%, depending on the study (Otranto et al. 2007,
2009; Mihalca et al. 2016). However, we showed the overall
T. callipaeda prevalence of 38.1%, with a maximum parasitic
load of 132 nematodes per animal. To the best of our knowl-
edge, this is the first report of 7. callipaeda in gray wolf from
Serbia.

Wolves with the highest parasite burden detected in the
present study (132 and 70 eyeworms, respectively) originated
from the same Serbian county (BraniCevo) as a pet dog from

Table 1 Geographical

distribution of Thelazia Locality Altitude (m)  Hunting date  Host data Number of parasites

callipaeda—infected wolves in

Serbia Age Sex Left/righteye ~ M/F Total

examined

Negotin 300 06 Jan 2017 Adult Male 12/9 7/14 21
Sjenica 1100 14 Jan 2017  Adult Male 7/5 2/10 12
Jagodina 400 15Jan 2017  Adult Male 4/3 1/6 7
Brani¢evo 100 28 Jan 2017  Adult Female  44/88 27/105 132
Brani¢evo 100 28 Jan 2017  Adult Male 28/42 16/54 70
Razanj 300 11 Feb 2017  Adult Female  14/21 9/26 35
Despotovac 550 15 Feb 2017  Yearling  Female 5/3 2/6
Svrljig 600 24 Dec 2017  Adult Male 1/3 0/4 4

M, male; F, female
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Fig. 2 Light micrographs of
Thelazia callipaeda. a Anterior
end of T. callipaeda male. b
Posterior end of 7. callipaeda
male with long (black arrow) and
short (white arrow) spicules. ¢
Anterior end of 7. callipaeda
female, showing vulva (black
arrow) and esophago-intestinal
junction (white arrow)

the previous study, harboring 91 nematodes (Gajic¢ et al.
2014). Moreover, one out of three infected foxes originated
from the same county (Pavlovi¢ et al. 2017). According to the
high intensity of infection recorded in both domestic and wild
animals, this study area might be considered as hyper-endemic
for thelaziosis, although further investigations involving more
animals and animal species should be conducted to confirm
this hypothesis. Similar findings of simultaneous infections
have also been reported in other host species such as dogs,
cats, and foxes (summarized in Otranto et al. 2015).

All infected animals from the current study originated from
localities with an altitude between 100 and 1100 m a.s.l. This
is a broader altitude range than previously observed for canine
and feline thelaziosis in Serbia (Gaji¢ et al. 2014), but compa-
rable to that in 7. callipaeda hyper-endemic area in southern
Italy, where different animal species were found infected
(Otranto et al. 2009). In addition, bilateral eye infection de-
tected in all positive wolves irrespective of an altitude of the
locality suggests an intensive exposure of host animals and
ubiquitous distribution of the fruitfly vector in Serbia, al-
though there is no study investigating P. variegata so far.

Despite the limited number of examined animals (n = 21),
we showed that 7. callipaeda has been widely present in
wolves from Serbia. Importantly, only h1 haplotype was de-
tected by the molecular assay, thus confirming the previous
findings of a unique genetic haplotype of 7. callipaeda circu-
lating across Europe, regardless of the geographic region and

100 ym

100 ym

definitive host species (Otranto et al. 2005, 2007, 2009; Tasi¢-
Otasevic et al. 2016). The emergence of thelaziosis throughout
Europe was rapid since the primary report in Italy, with com-
plex roles of vectors, reservoir hosts, and the environment
(Otranto and Deplazes 2019). However, the pan European
distribution of the vector Phortica variegata is crucial to ex-
plain the spread of T. callipaeda (Maca and Otranto 2014).
The authors further explain that wild canids and felids are
exposed to the vector since they frequently share the same
environment-forested, meadow hilly areas, regions around
rivers with high relative humidity, which is essential for the
spread of 7. callipaeda. The importance of wild canids is
confirmed by the high prevalence of infection, with foxes
being the most reported wildlife host in Europe (Otranto
et al. 2009; Hodzi¢ et al. 2014; Cabanova et al. 2018).
Nevertheless, the high prevalence of thelaziosis observed in
our research (38.1%) along with the wolves’ tendency to
move a long distance (more than 1000 km; see RaZen et al.
2016) emphasize the role of gray wolf as a natural reservoir for
T. callipaeda in its sylvatic life cycle as well as the role in the
dissemination of infection within its natural territories. Results
of genetic studies on populations of wolves from the Balkan
area (Moura et al. 2014; Karamanlidis et al. 2016) suggest that
wolves stroll and breed among bordering countries and may
support the introduction of pathogens such as 7. callipaeda,
further in range. Our study, therefore, corroborates the com-
petence of gray wolf as a definitive host for 7. callipaeda
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(Otranto et al. 2007, 2009) as well as seasonality of parasite’s
reproductive cycle (Otranto et al. 2004), since only adult par-
asites were found in infected wolves shot between December
and February.

In order to complete epidemiological puzzle regarding this
emerging zoonosis, the role of more abundant wild carnivore
species (i.e., foxes and jackals) should be investigated in fu-
ture studies. Better awareness of this parasitosis is vital to limit
the risk of further infections in both, humans and animals, in
European countries.
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