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Abstract.

Overthe past 20 years, Thelazia callipaeda (the oriental eyeworm) has become endemic in Europe, infecting

domestic and wild carnivores and humans. The vector of this nematode, the fruit fly Phortica variegata, has recently been
discovered in the United States, and its vector competence is demonstrated for T. callipaeda in this article, therefore
representing a potential new threat for infection of carnivores and humans in the United States.

Amongst vector-borne helminths, the eyeworm Thelazia
callipaeda (Spirurida, Thelaziidae) is considered as an emer-
gent zoonotic agent spreading in several European countries.
This nematode lives in the orbital cavities and associated
ocular tissues of domestic (dogs and cats) and wild (e.g.,
foxes, wolves, beech martens, and wild cats) carnivores and
lagomorphs causing ocular disease of public health concern,
because of its zoonotic potential.? Named as “oriental eye-
worm” for its distribution in Far Eastern regions, T. callipaeda
has been until recently described in dogs, cats, and foxes from
Italy® and then increasingly reported in both animals and hu-
mans from several other countries from western to eastern
Europe.*® Such a spreading of T. callipaeda throughout
Europe was largely predicted by an ecological niche model®
based on data of the ecology and the seasonal occurrence of
its vector, the fruit fly Phortica variegata (Diptera, Drosophili-
dae, Steganinae), in a highly endemic area of southern Italy.
Therefore, data on the distribution, biology, and ecology of
this drosophilid, both under laboratory” and natural condi-
tions,® have been pivotal for understanding the risk of the in-
troduction of the parasite into a previously nonendemic area.®

The only Thelazia species so far described in carnivores and
humans from the United States is Thelazia californiensis,
which is confined to California in the western United States.'°
Information about the vector of this eyeworm species is lim-
ited, and both Fannia canicularis and Fannia benjamini (Dip-
tera, Fanniidae), the little house flies, have been implicated in
its transmission.”” Nonetheless, P. variegata has recently
been discovered at some sites in New York in the eastern
United States,'? but no data are available about its compe-
tence as intermediate hosts of T. californiensis or T. callipaeda.

Here, we infected P. variegata flies captured in Rochester,
New York, with T. callipaeda nematodes collected from a dog
in southern ltaly, to demonstrate their competence as in-
termediate hosts of the oriental eyeworm.

Flies were collected by J. J. in a mature hardwood forest,
consisting primarily of oaks (Quercus spp.) in Highland Park,
Rochester, New York (43.133°N, 77.612°W, 240 m a.s.l.).
Collections were made by walking slowly through the forest
and netting Phortica spp. around the collector’s face. Once
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captured, flies were identified as P. variegata,'® being char-
acterized by multiple large dark spots on the scutum, wings
hyaline with two interruptions along the costal vein, legs with
brown coxa, and yellow tibia with three dark rings (Figure 1).
After preliminary identification, 62 wild-caught individuals of
P. variegata (37 males and 25 females) were placed in vials
containing the sugar-agar medium and sent to the De-
partment of Veterinary Medicine, University of Bari, Italy.
Briefly, T. callipaeda specimens were collected from the eyes
ofanaturally infected dog in the Basilicata region, and the first-
stage larvae (L1) were recovered from adult mature females by
slitting the uterus into a drop of saline solution. Infection
procedures were described in Otranto et al.”

Fifty-four P. variegata flies were experimentally infected by
L1, and the remaining eight were used as control. Forty-four
flies died at different time points. Dead flies (n. 38) were stored
in 70% ethanol in individual vials for molecular detection of
T. callipaeda partial (689 bp) cytochrome ¢ oxidase subunit
1 (cox1), as described.'* The remaining 10 were dissected at
21 dpi in a drop of saline solution to recover T. callipaeda larvae,
resulting one female infected by L3 in the proboscis (Figure 2)
and molecularly processed (Table 1). Of the 48 specimens
processed by polymerase chain reaction (PCR), 20 (41.7%)
scored positive at different time points (Table 1). Overall, the
positive rate of flies at both dissection and molecular detection
was 37%. The noninfected P. variegata scored negative to
T. callipaeda at dissection and PCR. The L3 isolated at the dis-
section of the fly at 21 dpi measured 2.1 mm in length and
77.70 ymin width at amedium body (Figure 2), with blunt cephalic
and tapering caudal ends. Cuticle with delicate transversally
striated, particularly at the anterior end (Figure 2A). Buccal
opening was almost rounded, with the buccal capsule resembling
a vase-shaped, 9.40 uym deep, and 10.15 ym wide rest of di-
gestive tract. The nerve ring was located at the level of middle of
the esophagus (not clearly), approximately 20.0 ym from the ce-
phalic end. The larvae showed a well-developed digestive tract.

In addition, 14/48 (29.2%) flies were molecularly pro-
cessed through amplicons sequencing to confirm the mor-
phological identification.® Affiliation of all processed flies to
P. variegata was assessed molecularly (99% nucleotide ge-
netic identity with GenBank AN = EF576934). The study of
genitalia of one male specimen by J.M. also confirmed this
determination.

Data indicate that T. callipaeda from Europe may develop in
the population of P. variegata flies collected in the United
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Ficure 1. Morphological key characters of Phortica variegata: orbita with pale stripe (A), legs with brown coxa, dark femur (base and apex yellow),
yellow tibia with three dark rings, and yellow tarsus (B), cross-veins shaded, the discal and second basal cells separated by the additional cross-vein
(C) and the costal vein with two interruptions (D). This figure appears in color at www.ajtmh.org.

States, therefore representing a potential threat for infection of
carnivores and humans in areas where this fly is present.
Based on their relationships to known Thelazia hosts in
Europe,? potential hosts in New York State include coyotes,
red fox, gray fox, black bear, raccoon, mink, least weasel,
striped skunk, cottontail rabbit, and snowshoe hare.'®
Therefore, the role of wildlife (e.g., foxes, jackal, hares, and
wolves)® "8 as reservoirs of T. callipaeda should be
assessed, considering that the infection most likely estab-
lishes in wildlife before spreading to dogs and other domestic
animals.? In Europe, eyeworm infection is often reported in
foxes, most likely because of the more frequent exposure of
wild carnivores to Phortica spp. flies.® Also, the absence of
genetic variation among nematodes collected from different
hosts (i.e., dogs, cats, foxes, wolves, beech martens, wild
cats, lynxes, jackals, and humans) in Europe might indicate
that the same zoonotic T. callipaeda circulates among differ-
ent animal species examined, including humans, and rein-
forces their tight association with its vector P. variegata.®
However, because T. callipaeda has been firstly isolated in
Asia, further studies are required to assess the origin of its
vector in the United States from Europe or from Asia.

Interestingly, aninfective L3 T. callipaeda was recoveredina
P. variegata female fly at 21 dpi, and 41.7% of flies (i.e., 20/48)
scored positive for T. callipaeda at the molecular examination
at different time points (i.e., 1, 3, 6, 7, and 21 dpi). This per-
centage of positivity was higher than that recorded in Otranto
et al.” (i.e., 18.4%). Although the presence of T. callipaeda
DNA alone cannot demonstrate the vector role of P. variegata,
it clearly indicates that the DNA of T. callipaeda is present in
the flies at detectable levels. Although male flies are consid-
ered the vector in natural conditions, T. callipaeda may like-
wise develop both in males and females in experimental
settings, and both males and females were attracted to the
collector’s face in this study.” The nematode DNA detected at
different time points (i.e., from 1 to 21 dpi) matches with the
timing of the developmental stages in Phortica flies, as de-
scribed.” In particular, most of the dissected flies (80-100%)
scored positive to T. callipaeda DNA within 3 dpi (Table 1),
suggesting that a high percentage of L1 were ingested during
the experimental feeding. At 6-7 dpi, the presence of larvae
DNA in 50% of flies may be related to the molted L2, which
finally develop into the infective stage (L3) at 21 dpi, when only
one fly scored positive at both the molecular diagnosis and at
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Ficure2. Third-stage larva of Thelazia callipaeda at the dissection of the proboscis of Phortica variegata on day 21 dpi in the square box—a detail
at higher magnification of the anterior part of the larvae with a delicate transversally striated cuticle and buccal opening bearing a buccal capsule
resembling a vase-shaped and a well-developed digestive tract. This figure appears in color at www.ajtmh.org.

dissection. Although information on the distribution of
P. variegata in the United States is sparse, data here pre-
sented suggest that the American population of P. variegata is
susceptible for T. callipaeda infection, and this geographic
area might be potentially suitable for the spreading of eye-
worms, thus requiring an awareness of veterinarians,
ophthalmologists, and medical doctors. Under the above
circumstances, an ecological niche model for P. variegata
distribution would be useful to predict future trends for the
presence of this infection, similarly to what has been assessed
in Europe.® Importantly, the occurrence of eyeworm infections
in California should be carefully assessed in consideration of
the number of the reported cases in dogs (https://wagwalking.
com/condition/eyeworm-thelazia-califomiensis). In the meantime,
the potential role of P. variegata as vectors of T. californiensis
would require further investigation in relationship to data
available on Fannia spp.

TaBLE 1

Number and percentage of Phortica variegata (males, M and females,
F) positive for Thelazia callipaeda in the molecular analysis at dif-
ferent days after infection

Molecular assay

Number examined Number infected

Days after infection M F Total M (%) F (%) Total (%)
1 2 3 5 2(100) 2(66.7)  4(80)
3 11 2 1(100) 1(100)  2(100)
6 13 7 20 6(46.1) 4 (57.1) 10 (50)
7 4 3 7 2 (50) 1(33.3) 3(42.8)
19 3 1 4 - - -
21 7 3 10 - 1(33.3) 1(10)
Total 30 18 48 11(36.7) 9(50)  20(41.7)
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