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Summary

Canine thelaziosis is widely distributed in Far Eastern countries and considered endemic in many European
countries, between latitudes 39’ and 46’ N. Because of the unique relationship between the causer and its
intermediate and final hosts, the genus Thelazia is one of the most specialized nematodes in the taxon. Thelazia
callipaeda (superfamily: Thelazioidea) infects the conjunctivas of several mammalians, including dogs and
humans. Since dogs may also represent a reservoir of infection for humans, the aim of the study was to show
the epidemiological situation of thelaziosis in dogs in the Republic of Serbia, after it was first diagnosed in
2014, which is crucial for the successful treatment, control, and prevention of the disease. The research was
performed on privately owned dogs in the period from the end of April 2013 to the end of October 2015 in
7 different regions in Serbia. Adult parasites were mechanically removed from dogs with manifested ocular
disorders, and thelaziosis was diagnosed in 178 out of 501 animals. The high prevalence of T. callipaeda in
dogs (35.52%) in the analyzed areas of Serbia indicates the endemicity of eyeworm infestation in these areas.

Keywords: dog, moxidectin, Serbia, Thelazia callipaeda

Sixteen species of the genus Thelazia parasitic nema-
todes (Spirurida: Thelaziidae) have been reported to
infect bovines, equines, canines, felines and humans,
causing eye infections (31) in Europe, Asia, North
America, South America, and South Africa.

T callipaeda (33) and T. californiensis (32) are
parasites of the conjunctival sac and nasolacrimal duct
in dogs, cats, rabbits, foxes, and humans (1). Thelazia
californiensis occurs in western areas of the United
States, whereas Thelazia callipaeda is distributed in
Far Eastern countries and throughout Europe (36). The
first evidence of Thelazia callipaeda was from Asian
countries (3, 34). In areas with the poorest hygienic
conditions in this region, human infections with this
nematode have shown a notable increase in the last
two decades (35, 36).

Morphologically adult worms are creamy white,
tread-like, up to 2 cm in length (12). Male adults are
4.5-13 mm in length and 0.25 to 0.75 mm in diameter,
whereas females are longer, from 6.2 to 17 mm, and
from 0.3 to 0.85 mm in diameter (40). The anterior
end is tapered, and the bluntly rounded posterior end
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is recurved ventrally. The body surface is covered
with a heavily striated cuticle. The anterior extrem-
ity bears a conspicuous buccal capsule divided in
festoons. The esophagus is essentially muscular,
0.47 mm long, and there is a conspicuous nerve ring.
The male reproductive tube recurves distally and ter-
minates near the esophago-intestinal junction. There
are numerous paired perianal papillae surrounding
the cloacal opening and paired unequal spicules. The
right spicule is short and measures 0.14 mm; the left
is slender and very long, measuring 0.94 mm (12).
First-stage larvae (L,, body lenght 0.31-0.4 mm; body
width 0.013-0.046 mm) present a shell membrane (i.e.
embryonated eggs) and are arranged in a row in the
distal uterus of adult females (25). The dimensions of
the other developmental stages of . callipaeda are as
follows: second-stage larvae (L,) — body lenght 0.46-
-3.2 mm, body width 0.055-0.070), third-stage larvae
(L,) —body lenght 3.2-3.69 mm, body width 0.12-0.72
mm), and the morphology of fourth-stage larvae (L,)
is not described (26).

The Thelazia nematodes have an indirect life cycle;
the vectors play the role of an intermediate host.
Intermediate hosts are the Diptera species of the family
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Drosophilidae (subfamily: Steganinae), which, besides
fruit and tree sap, feed on ocular secretions of animals
and humans (2). Intermediate hosts for 7. callipaeda
are Phortica variegata in Europe (21) and P. okadai
in China (39). Otranto et al. (28) contend that Musca
domestica is not a vector of 7. callipaeda, either under
natural or experimental conditions.

The transmission of canine thelaziosis occurs when
the intermediate host, a drosophila fly of the genus
Phortica, feeds on lacrimal secretions of infected dogs
and ingests first-stage larvae (L) produced by adult
females of 7. callipaeda, which live together with
males in the conjunctival sac. After being ingested by
the fly, T callipaeda larvae migrate in the vector’s body
(i.e. testis of the male) and undergo development from
L, to the infective, third-stage larvae (L,) within 14-21
days. Following this migration, the L, of Thelazia
emerge from the labella of the infected fly. They are
deposited on the eye as the vector feeds on lacrimal
secretions and develop into dioecious adult stages in
the ocular cavity within 35 days (11, 27).

Clinical manifestations resulting from the patho-
genic action of the larvae and adult parasites include
pruritus, lacrimation, congestion, epiphora, exudative
conjunctivitis, corneal edema evolving to keratitis and
corneal ulceration in severe cases (31). In dogs and
cats, chronic conjunctivitis may lead to photophobia,
blepharitis marginalis, lacrimation, corneal opacity,
ulcerations, corneal perforation, and blindness (14).

The causative agents of canine thelaziosis (7. cal-
lipaeda and T. californiensis) may infect humans.
Human infections, mainly in children and the elderly,
occur predominantly in rural communities with poor
living conditions and low socioeconomic standards.

The aim of this study is to evaluate the prevalence
of thelaziosis in the Republic of Serbia.

Material and methods

The research was performed on dogs in the Republic of
Serbia from the end of April 2013 to the end of October
2015. In this period, thelaziosis was diagnosed in 178 out
of 501 privately owned dogs with manifested ocular dis-
orders. Of all positive dogs, 39 were from northern Serbia
(North Banat District and Novi Sad suburbs, i.e. south Backa
District), 59 were from central Serbia (Belgrade suburbs
and Branicevo District), and 68 were from eastern Serbia
(Bor and Zajecar districts), and 12 from southern Serbia
(P¢inja District) (Fig. 1). Infected dogs were of different
breeds (mixed breeds, German Shepherd, Airedale Ter-
rier, German Jagdterrier, Weimaraner, German Shorthaired
Pointer, Samoyed, and other) and of both sexes. Their age
ranged from 10 months to 13 years, they lived outdoors,
and some were used for hunting. All animals were in good
body condition, but were referred to the practice because
of ocular discharge. The total prevalence of ocular mani-
festations amounted to 35.52% (178/501). The prevalence
of mild ocular manifestacions (ocular discharge, follicular
conjunctivitis and blepharospasm) was 32.53% (163/501),
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Fig. 1. The distribution of Thelazia callipaeda in Serbia

whereas severe signs of keratitis were observed in 2.99%
(15/501) of the dogs (Fig. 2).

Adult parasites were removed mechanically with micro-
surgical instruments (suture-tying forceps without teeth)
after eversion of the third eyelid. Depending on the number
of parasites present and the patient’s aggressiveness, the
removal was performed under local anesthesia (bupivacain,
tetracain), mild sedation (ketamin hydrochloride, diazepam)
with local anesthesia or under general anesthesia (cevoflu-
ran, induced with propofol; ketamin). After the removal of

Fig. 2. Thelazia callipaeda in a dog’s eye
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the parasites from the conjunctival sac and after lavage,
therapy was carried out with topical antibiotics (gentamicin
was applied to 65 out of 178 dogs, tobramycin to 93 out of
178, and ofloxacin to 44 out of 178 dogs), systemic antibi-
otic, and anti-inflammatory drugs (in 117 dogs with severe
follicular conjunctivitis). When the removal procedure had
been completed, antiparasitic treatment was performed.
Ivermectin (s/c 0.2 mg/kg) was used in 104 out of 178 dogs,
and a spot-on solution of 100 mg imidacloprid and 25 mg
moxidectin in 74 out of 178 dogs.

No adverse effects were observed in dogs treated with
ivermectin, since breeds sensitive to ivemerctin had not
been subjected to this therapeutic protocol.

Adult parasites collected from each dog were put in
a vessel with saline solution (0.9% NaCl) and then trans-
ferred to a test tube with saline solution (Fig. 3). After that,
the parasites were well rinsed and prepared for identifica-
tion by native preparation. They were placed on microscope
slides with a few drops of glycerol and examined under
a microscope.

Worms collected from each dog were identified morpho-
logically (species and sex) according to keys proposed by
Otranto et al. (29) Their sex was determined on the basis of
the position of the vulva anterior to the esophagus-intestinal
junction (females), the presence of five pairs of postcloacal
papillae (males), and the number of cuticle stripes (Fig. 4).

Both adult and third-stage larval parasites were found in
dogs with severe ocular changes. Third-stage larvae, after
being washed out of the saccus conjunctivae, were identi-
fied by measurements, and their length ranged from the 3.3
to 3.5 mm (26).

Results and discussion

In the period from the end of April 2013 to the end of
October 2015, T callipaeda was diagnosed in 35.52%
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Fig. 4. A) Anterior portion of 7. callipaeda (male), x 100; B) Tail part of
the male worm, x 100; C) Anterior portion of 7. callipaeda (female), X 100;
D) Tail part of the female worm, x 400

| Fig. 3. Adult parasites collected from an eye

Tab. 1. Geographical distribution and prevalence of Thelazia
callipaeda in dogs in Serbia

: o Thelazia caléipaeda—infecled
Ragion dogs examined o
N %
North Banat District 39 17 43.58
South Bagka District 76 22 28.94
Belgrade City 98 4 41.83
Brani¢evo District 83 18 21.68
Bor District 80 38 47.50
Zajedar District 98 30 30.92
Péinja District 48 12 25.00
Total 501 178 35.52

(178/501) of the dogs examined in Serbia. The highest
prevalence of ocular thelaziosis was found in the Bor
District — 47.50% (38/80 dogs examined), the North
Banat District — 43.58% (17/39 dogs examined) and
the Belgrade suburbs —41.83% (41/98 dogs examined)
(Tab. 1).

Infected dogs showed different intensity of infection
with adult forms of T callipaeda. In 67.97% (121/178)
of the animals examined, up to 20 individual parasites
were found. In 23.59% (42/178), 20-70 individual
parasites were found, and in 8.42% (15/178) more than
70 individual parasites were found (Tab. 2).

The parasites collected from the infected dogs were
counted to determine the infection rate. The number of
worms collected per dog ranged from 1 (one female
parasite only in one eye of one dog) to 78. Most dogs
had a high infection rate (Fig. 2). The highest infection
rate was detected in a 5-year-old male German shep-
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Tab. 2. Intensity of infection and location of Thelazia callipaeda nematodes in infected dogs
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tion revealed the existence

in Serbia of seven distinct haplo-
: Number of Number of |:Iaras,nes diagnosed P AT, types of T. callipaeda in

Region infected dogs in dogs’ eyes dogs, cats, and foxes in

<20 20-70 >70 | Righteye | Lefteye | Botheyes | Asia, but only one hap-

North Banat District 17 12 1 10 7 = lotype in Europe. The
South Batka District 2 13 1 5 14 3 finding of haplotype 1
Belgrade City M 29 10 2 15 21 5 (h1) of I callipaeda in

. I red foxes in Spain indi-
Brani¢evo District 18 15 1 9 3 6 .

— cates the potential role
BorDEIch gt & 4 L L g of foxes as reservoirs for
Zajecar District 30 22 3 6 13 11 this Thelazia species (4).
Péinja District 12 5 3 5 - From the parasitologi-
Total 178 121 42 15 70 75 33 cal point of view, these
% 100 67.97 23.59 8.42 3932 | 4213 1850 | Tesultsare very interesting

herd living in Avala (Belgrade suburb), from whose
eyes 78 adult parasites were collected (33 males and
45 females) — more from the left eye (Fig. 3, 4).

In most of the infected dogs (75/178 — 42.32%),
adults of 7. callipaeda were found in the left eye.
In 39.32% (70/178) of the dogs, thelasiosis affected
the right eye, and 18.54% (33/178) of the dogs had
nematodes in both eyes (Tab. 2). In dogs with small
infection intensity, it was not necessary to collect the
parasites mechanically, because they abandoned the
conjunctival sack spontaneously after therapy. Since
canine thelaziosis has epidemiological significance, the
geographical distribution of Thelazia callipaeda is of
great importance for successful treatment, control and
prevention of this parasitosis.

Thelazia callipaeda is widely distributed in dogs,
cats, and humans in the former Soviet republics, and,
because it is widespread in Far Eastern countries
(China, Korea, Myanmar, Japan, Indonesia, Thailand,
Taiwan, and India), it is called the oriental eyeworm
(1). Climate in the countries where 7. callipaeda has
been reported varies from tropical (Indonesia) and
subtropical (Japan) in the Far East to temperate in the
Russian Federation. In Europe, infections by 7. calli-
paeda have been reported in Italy (25), Germany (9),
Switzerland (14), France (34), Spain (16), Portugal
(13, 38), Belgium (5), Serbia (18), and Romania (15).

Hodzi¢ et al. (10) reported autochthonous cases of
T. callipaeda infection in red foxes, dogs, and cats in
Bosnia Herzegovina and in Croatia, and these find-
ings suggest that thelaziosis could be present in other
Balkan areas.

Gajic¢ et al. (8) reported the first cases of autochtho-
nous canine and feline thelaziosis in different locali-
ties in Serbia. Reports of thelaziosis in cats have been
significantly rarer. The prevalence of infection by this
Thelazia in cats is lower, since they are less exposed
to the population of intermediate hosts (17, 25, 37).

In the wild animal population, 7. callipaeda was
recorded in wolves (20), and a little later it was also
diagnosed for the first time in wild cats, ferrets, and
brown rabbits (23). A thorough molecular examina-

because 7. callipaeda has
the largest number of direct host species of all Thelazia
species, which are mostly host-specific (1).
Seasonality in the reproductive activity of female
Thelazia corresponds with the presence/absence of the
intermediate host populations. Infection is endemic in
dogs. It occurs during the most intensive vector activity
in the warm period of the year (19). T_ callipaeda first-
stage larvae (L,) can be found in the lachrymal secre-
tions of dogs in summer (June-July), when infections of
intermediate hosts occur. The evidence of fourth-stage
larvae (L,) in March-April and July-October may be
accounted for by the presence of Diptera population
from early spring to early autumn. The presence of
immature stages in October indicates an overlapping
of Thelazia generations and a second cycle of vector
infection (26). The parasite remains only in the final
host during winter. To produce a new infection, dipteras
have to ingest the larvae of Thelazia in spring, which
must remain in them for about a month to become
infectious (21). Research conducted in southern Italy
showed that P. variegata is most active during July
and August, at 20-25°C and 50-75% relative humidity,
due to which a higher number of infections caused by
T callipaeda could be expected, even in non-endemic
regions (22). Special climatic conditions, suitable for
the activity of the intermediate host population, are
also typical of Serbia, where rains concentrate in the
period of May-June, when relative humidity increases.
Serbia is a continental country, located in south-
eastern Europe in the middle of the Balkan Peninsula,
between latitudes 41°53” and 46°11° N. Given these
geographic coordinates, the presence of 7. callipaeda
in Serbia is not surprising, since thelaziosis has been
reported as endemic in many countries of the world
at similar latitudes, between 39° and 46° (22). Serbia
belongs to the region of Central Europe. Geographically
and climatically, its northern regions are similar to the
Pannonian basin, whereas its southern part resembles
Mediterranean countries. The largest part of the ter-
ritory of Serbia has a temperate continental climate,
and the climate in the southwestern part is between
subtropical and continental, resembling the condi-
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tions in countries where thelaziosis has been reported.
The average annual rainfall for the entire country is
896 mm. Most of the infected dogs examined in this
study came from the north (Province of Vojvodina) and
east of Serbia (cities of Zajecar and Bor). In northern
Serbia, T. callipaeda was diagnosed in 39 dogs from
an area lying at 45°15’ north latitude. The Zajecar
District and the Bor District form an administrative
region called Timocka krajina, with an average altitude
of 353 m above sea level, at latitude 44°04°. The area
with the second largest number of infected dogs was
the Belgrade city and its vicinity. The geographical
coordinates of Belgrade are consistent with the pro-
visional geoclimatical model typical of Thelazia cal-
lipaeda, especially considering the elevation (altitude
116.75 m) (Fig. 1).

The first isolated cases of ocular thelasiosis in dogs
and cats in Serbia were diagnosed in the central, west-
ern and southern parts of the country, where only hap-
lotype hl of T_ callipaeda was found (8). Results of our
investigations on the prevalence of thelaziosis in dogs,
show a relatively high prevalence in two regions in cen-
tral Serbia (Belgrade suburb —41.83% and Brani¢evo
District —21.68%) and in one region in southern Serbia
(P¢inja District — 25.00%). A high prevalence of this
nematodosis in dogs was also found in further two,
still undiscovered epizootiologic regions in the north
(43.58% in North Banat District and 28.94% in South
Backa District) and east of Serbia (47.50% in Bor
District and 30.92% in Zajecar District).

These findings suggest that Serbia may be an
endemic region for this nematodosis, which carries
great risks for canine and human health. After the para-
site had spread among domestic and wild carnivores in
Europe, the first human cases of this zoonotic disease
were described in Italy, France, and Serbia (18, 24).
Although humans are competent hosts, they usually act
as accidental final hosts, in whom the third-stage larvae
can grow into adults, but without epidemiologic effects
on parasite transmission (7). All cases of thelaziosis in
humans were reported during summer, in the period
of the most intensive vector activity (19, 21). The
occurrence of thelaziosis and allergic (pollen-induced)
conjunctivitis in humans in spring and summer may
affect the validity of the etiological diagnosis of this
disease. From the clinical point of view, the present
findings indicate the epidemiological importance of
this parasitosis, and its significance during the differ-
ential diagnosis of bacterial or allergic conjunctivitis.

Clinical diagnosis of canine and human thelaziosis
can be difficult if only a small number of parasites
are present. In such cases, clinical signs related to the
inflammatory response associated with the develop-
ment of third- and/or fourth-stage larvae are similar
to allergic conjunctivitis (24). The final diagnosis is
based on the parasites present in the conjunctival sac
of the final host. First-stage larvae (L,) can be seen
when eye secretions are examined under a microscope.
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T callipaeda can be distinguished morphologically
from T californiensis on the basis of the number of
pre- and postcloacal papillae in the male, the position
of the vulva in the female, and the number of cuticle
stripes (3, 6, 25). Analysis based on the molecular
characterization of 7. callipaeda (SSCP single-strand
conformation polymorphism) is important for the study
of the population genetics of this species (30). Only
one genetically identified haplotype of 7. callipaeda
circulates among dogs, cats, and foxes in Europe (hap-
lotype 1 —h1) (4, 8, 15, 30).

This finding confirms that the species of the genus
Thelazia have metazoonotic potential. Therefore, it is
necessary to treat infected domestic animals, which
may represent a reservoir of infection for humans.
The treatment of infected dogs in this study included
the mechanical removal of adult parasites from the
eye, local application of antibiotics, and antiparasitic
treatment. Diagnosed infections were of high-intensity,
and most of Thelazia were diagnosed deep in the lower
bulbar fornix, between the eyeball and the third eyelid.
The antiparasitic treatment of dogs was conducted with
ivermectin (s/c 0.2 mg/kg) and a spot-on solution of
100 mg imidoclopride and 25 mg moxidectin.

The climatic conditions of Serbia are consistent with
the expected geoclimatical model, and the presence
of T. callipaeda in dogs in Serbia confirms that this
region has optimal conditions for the activity of the
intermediate vector population: dipteral species of the
family Drosophilidae, genus Phortica.

The relatively high prevalence of thelaziosis caused
by T. callipaeda in dogs (35.52%) in some areas of
Serbia indicates the endemicity of eyeworm infec-
tion in these areas. Climate changes, global warm-
ing, frequent interstate and intercontinental travel of
people and animals, as well as the import of dogs from
European and other countries, facilitate the spread of
Thelazia species and increase the risk of infection in
other dogs and humans in this region. The presence of
T callipaeda in dogs in Serbia demonstrates the need
to identify the reservoirs of infection and to imple-
ment appropriate protective measures, especially in
view of the biological and environmental risk fac-
tors existing in the region. The high infection rate of
canine thelaziosis reported in this paper suggests that
practitioners should include this eye infection among
differential diagnoses of ocular diseases in dogs from
the specified areas of Serbia.

In the clinics of the Faculty of Veterinary Medicine
in Belgrade, we examined the effect of several spot-on
products from different manufacturers (containing imi-
dacloprid + moxydectin) applied to more than 50 dogs.
We found that in the case of low-intensity infections
(less than 10 parasites per eye), the mechanical removal
of thelasias was unnecessary, except when the parasites
were partially located in the nasolacrimal duct.

For countries with a moderate continental climate
(such as Serbia) where ocular thelasiosis has not yet
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been diagnosed, it is recommended to introduce a man-
datory examination of the eyes. All dogs presented to
veterinary clinics should undergo a detailed ophthal-
mologic examination, particularly in the period of the
seasonal occurrence of the parasite population and
intermediate hosts.

In all dogs with symptoms of conjunctivitis, blepha-

ritis, and keratitis, one should pay particular attention
to the parasitic etiology of the changes. The aim of
this screening is to interrupt the developmental cycle
of the parasite, since the symptoms in animals can be
identified only by the owners or ordinary veterinar-
ians, who are responsible for removing the parasites
and treatment.

Future investigations should be focused on deter-

mining the local distribution and density of the insect
vector (Phortica variegata) in this geographical area.
This emergent zoonosis should be included by vet-
erinarians, physicians, and ophthalmologists in the
differential diagnosis of ocular manifestations in their
patients, particularly in areas where 7. callipaeda is
endemic, as it is in Serbia.
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