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ARTICLE INFO ABSTRACT

Keywords: Purpose: We report the clinical findings and molecular identification of ocular Thelazia callipaeda from Niigata
Eye worm Prefecture in the Hokuriku area of Japan during winter.
Haplotype

Observations: A 77-year-old male visited an ophthalmology clinic in Niigata Prefecture in January 2022 after a 2-
week-duration of a conjunctival injection in the left eye and foreign body sensation. Slit-lamp microscopy
revealed 11 active nematodes in the left conjunctival sac. Morphological characteristics included longer female
body length than male, buccal cavity lacking teeth and lips, and serrated striations along the body surface. The
specimens were determined to be T. callipaeda. Genetic analysis of the mitochondrial cytochrome ¢ oxidase
subunit 1 (cox1) gene revealed an h9 haplotype.

Conclusions and Importance: T. callipaeda infection, especially the h9 haplotype, commonly occurs in western
Japan owing to its higher incidence in warmer climates, suggesting the origin of the case. Here, we report a
human case of Thelaziasis diagnosed in a cold region of Japan (the Hokuriku area) during winter. This human
case of T. callipaeda infection from a cold, previously unassociated region, raises concerns about the potential
geographical widening of its distribution, and further investigation may be warranted to prevent its spread.

Ocular thelaziasis
Oriental eye worm
Thelazia callipaeda
Zoonosis

worm”.*® However, in the last three decades, since the early 1990s,
cases of T. callipaeda infections have been found in European
countries,” ° which may indicate a geographical widening of

1. Introduction

Thelazia callipaeda is a parasitic nematode that frequently infests the

conjunctival sac of human hosts and uses Drosophilid flies as interme-
diate hosts. More common definitive hosts for T. callipaeda are dogs,
cats, foxes, rabbits, and other mammals. These nematodes are zoonotic
and may also infect the human eye, leading to conjunctivitis, keratitis,
corneal ulcers, and various other ocular manifestations.' ™

The first known case of thelaziasis occurred in a dog in 1910, fol-
lowed by a human case in 1917 from China.” T. callipaeda is largely
distributed around southeast Asia-spanning from China to Indonesia-
-and India, likely contributing to its other moniker, the “oriental eye

T. callipaeda distribution. The first case of thelaziasis in Japan was re-
ported in 1957 in Kumamoto Prefecture in the Kyushu area.'’ Since
then, there have been an increasing number of human and animal cases
of thelaziasis in West Japan, particularly in the Kyushu region,'’:'?
where the climate tends to be warmer than in the remaining areas of the
country.

The current standard for diagnosing thelaziasis is two-fold: the
morphology of the parasite of interest is first visualized under a micro-
scope, followed by molecular identification of the inciting parasite
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through polymerase chain reaction (PCR)-based techniques.®*%!! 18
Interestingly, detailed PCR analysis and comparison of T. callipaeda from
different regions, based on variants of the mitochondrial cytochrome c
oxidase subunit 1 (cox1) gene, revealed a pattern in the observed coxI
variants based on geography. Haplotype 1 (hl) was found in Italy,
Germany, and the Netherlands, h2-5 were found in China, and h5-8
were identified in South Korea.'! In Japan, there have been three cases
with two variants (h9 and h10) locally identified through PCR at the
time of this report: one case of the h9 variant from Okayama Prefecture
by Kumase et al.,'? and two cases of h10 variants from Oita and
Kumamoto Prefectures by Ishibe et al.'® From an epidemiologic
perspective, haplotype determination during thelaziasis diagnosis may
not only help with specifying a definitive diagnosis but may provide
crucial information on infection routes and changes in their distribution.
In this case report, we discuss a case of human thelaziasis infection
from Niigata Prefecture in the Hokuriku area of Japan, along with its
haplotype, identified through molecular analysis.

2. Case report

A 77-year-old male arrived at an ophthalmology clinic located in
Joetsu-shi, Niigata Prefecture of the Hokuriku area of Japan in January
2022 after a 2-week-duration of foreign body sensation in the left eye.
The patient had no medical history, family history, tobacco use or
known allergies. The patient reported an average drinking pattern of
approximately 180 ml per day (one “go0”). His primary occupation was
agricultural work during summer and unemployment during winter. He
resided with five other family members and a pet parrot; no other pet
history was shared. The patient denied having hiking as a hobby. He had
no history of foreign travel. An in-clinic examination revealed 20/13
best-corrected visual acuity in both eyes and intraocular pressure mea-
surements of 12 and 15 mmHg in the right and left eyes, respectively.

Slit-lamp microscopy of the anterior segment of the left eye revealed
conjunctival injection, and retraction of the left lower eyelid revealed
multiple white nematodes with active peristaltic movement in the
conjunctival sac (Fig. 1A). The peristaltic movements of the isolated
nematodes were better visualized using the blue light-free filter of a slit-
lamp microscope (Fig. 1B). Due to the high activity of the parasite and
concern for further penetration through the conjunctival sac, topical
administration of 4% Xylocaine Ophthalmic Solution (Lidocaine HCl eye
drops, Sandoz Pharmaceutical, Switzerland) was first performed to
decrease the activity, with subsequent extraction of 11 nematodes using
ophthalmic forceps under microscopy. Three samples of isolated para-
sites were sent to the Department of Tropical Medicine and Parasitology,
Juntendo University Graduate School of Medicine, Tokyo, Japan. For
morphological analysis, two samples were preserved in 10% formalin
solution, and for genetic analysis, one sample was preserved in 99%
ethanol. After parasite extraction, the patient’s left eye was treated with
a 4-times-a-day administration of 1.5% Cravit Ophthalmic Solution
(levofloxacin hydrate; Santen Pharmaceutical Co., Ltd., Osaka, Japan)
for one week. At one-week follow up, the patient reported a reduction in

American Journal of Ophthalmology Case Reports 34 (2024) 102030

foreign body sensation and improved conjunctival injection. No new
parasites were detected during the patient’s most recent exam at one-
year follow up.

2.1. Morphological identification

The first of the two morphologically analyzed specimens was a male
with a body length of 12 mm, and the second specimen was a female
with a body length of 15 mm (Fig. 2A). A detailed examination of the
female specimen using light microscopy revealed a rectangular oral
cavity lacking lips and teeth (Fig. 2B). Additionally, the vulva was
located anterior to the esophagointestinal junction (Fig. 2C), and its
body surface was covered with serrated annulations (Fig. 2D). In the
male T. callipaeda, a long left spicule (Fig. 2E) and a short right spicule
were observed in the caudal region of the body. In contrast, the female
sample had a straight anatomy at the tail end (Fig. 2F). The specimens
were determined to be T. callipaeda based on the observed morpholog-
ical characteristics of the extracted specimens, which were consistent
with those reported previously.'>'°

2.2. Sequence and phylogenetic analyses

One of the 11 extracted nematodes was sent for genetic analysis to
obtain its cox] gene sequence. DNA extracted from the T. callipaeda
isolated from the patient was used as a template for the PCR amplifi-
cation of cox1 genes. The DNA was extracted using the DNeasy Blood &
Tissue Kit (Qiagen, Hilden, Germany). Primers for T. callipaeda (TcF: 5'-
AGCTGGTTTAGGTGGGTCTG-3) and (TcR: 5-AAACTGTAAGTTCAA-
CACAACAAAGG-3') were designed based on the genomic sequences of
reference strains of T. callipaeda (NC018363) isolated from a dog. The
following cycling parameters were used: initial denaturation at 95 °C for
5 min; 35 cycles of 95 °C for 10 s, 60 °C for 30 s, and 68 °C for 1 min; and
a final extension at 68 °C for 5 min. The obtained PCR products were
directly sequenced using an ABI Prism BigDye Terminator v3.1 cycle
sequencing ready reaction kit in an ABI Prism 3500 Genetic Analyzer
(Applied Biosystems, California, USA). Multiple alignments and phylo-
genetic analysis of the cox1 gene sequences of T. callipaeda were per-
formed using the ClustalW and Neighbor-Joining (NJ) method,'9
respectively, in the MEGA version X software.”’ The NJ tree was derived
using the Kimura 2-parameter model.”! The tree was drawn to scale,
with branch lengths in the same units as those of the evolutionary dis-
tances used to infer the phylogenetic tree. The evolutionary distances
were computed using the Maximum Composite Likelihood method??
and are in the units of the number of base substitutions per site. Sta-
tistical significance was evaluated using bootstrapping with 1000
replicates.

The sequence of DNA isolated from the sample was deposited in
DDBJ/EMBL/GenBank under accession number LC790039. A 960-bp
portion (102-1061) of the coxI gene (total length:1647 bp) was
compared to the T. callipaeda mitochondrial DNA sequence released by
the National Institutes of Health (NIH),'® which revealed 12 nucleotide

Fig. 1. Slit-lamp microscopy showing a representative photograph of the worm. A. Actively peristaltic white linear worm in inferior tarsal conjunctiva in the left eye
(magnification, x 6). B. Slit-lamp microscope with blue filter showing the worm in inferior tarsal conjunctiva in the left eye (magnification, x 6).
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Fig. 2. Microscopic examination showing a representative photograph of Thelazia callipaeda. A. Photograph of a female worm body of T. callipaeda. B. Light mi-
croscopy image showing the anterior region of a female T. callipaeda with a rectangular oral cavity, which lacks teeth and lips (scale bar, 100 pm). C. Vulva located
anterior to the esophago-intestinal junction in a female T. callipaeda (scale bar, 100 pm). D. Marked fine striations (white arrow) are seen on the body surface and
serrated annulation at the edges (scale bar, 100 pm). E. Caudal region of the body of a male T. callipaeda presenting a long left spicule (*) and short right spicule
(black arrow) (scale bar, 100 pm). F. Caudal region of a female T. callipaeda showing straight tail end (scale bar, 100 pm).

differences (1.33%) between them, and a match rate of 98.7%. Gener-
ally, less than 6% difference in the coxI gene sequence is seen in an
intraspecies comparison, whereas a congeneric comparison yields a
sequence difference exceeding 10%.'' The extracted specimen was
determined to be T. callipaeda based on genetic analysis. Notably, a
583-bp portion (309-891) of the analyzed 960-bp sequence for our
specimen matched a previously reported sequence of T. callipaeda cox1
registered in the NIH GenBank by Kumase et al.'? in 2010 (Fig. 3,
Accession number: AB538283.1). According to a subsequent analysis of
this sequence by Zhang et al.,'® it corresponds to h9 haplotype of
T. callipaeda. Hence, it was determined that the specimen obtained from
Niigata Prefecture was also an h9 haplotype.

Fig. 4 shows the phylogenetic analysis of the isolates (Tc: LC790039)
and T. callipaeda species (Haplotypes 1-10) according to the cox1 se-
quences using the NJ method'® that were based on the partial coxI gene
nucleotide sequences of T. callipaeda. The results indicated that our

sample belonged to h9. Fig. S1 shows the phylogenetic analysis, in
addition to that presented in Fig. 4, with an outgroup.

3. Discussion

Thelaziasis, specifically that caused by T. callipaeda, is a zoonotic
disease frequently reported in warmer climates, in which parasites infect
the conjunctival sac of the host. In this case study, we report a human
thelaziasis incident in Niigata Prefecture, Hokuriku area, during the
winter season. Further molecular analysis revealed the inciting parasite
to be h9 T. callipaeda. Determination of the h9 haplotype suggested that
the thelaziasis infection found in Niigata Prefecture may have originated
in western Japan. Considering that thelaziasis was previously associated
with warmer climates, this case raises concerns about the ongoing na-
tional distribution of T. callipaeda, including that in the colder regions of
the country.
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Fig. 3. Mitochondrial cytochrome C oxidase subunit 1 (cox1) gene sequence analysis. A 960-bp portion (102-1061) of the entire cox1 gene (total length: 1647 bp)
was sequenced. A 583-bp portion (309-891) of the analyzed 960-bp sequence from our specimen fully matched a previously reported sequence of T. callipaeda cox1
registered in the NIH GenBank by Kumase et al.'” in 2010 (Accession number: AB538283.1). The collected cox1 gene sequence matched that described by Kumase
et al.,'? which was determined to be an h9 specimen. The two specimens from Ishibe et al.'® were h10 specimens.
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Fig. 4. Phylogenetic analysis of a partial sequence of the mitochondrial cytochrome oxidase subunit 1 (cox1) gene of Thelazia callipaeda. Phylogenetic analysis of the
isolates (Tc: LC790039) and T. callipaeda species (Haplotype 1-10) based on coxI sequences. An NJ tree was derived using the Kimura-2 parameter model. Significant
bootstrap support (>500) from 1000 replicates is indicated on the left of the supported nodes. The scale bar represents the evolutionary distance based on the number

of changes per site. Numbers in parentheses represent GenBank accession numbers.

Phortica variegata, the intermediate host for T. callipaeda, exhibits
high activity within the 20-25 °C temperature range,”> which likely
contributes to the association between a warm climate and thelaziasis.>*
According to the Japan Meteorological Agency,?” the average temper-
atures in Okayama Prefecture during October 2008,'? in Kumamoto
Prefecture during April 2020, and in Oita Prefecture during June 2020'°
were 19.1, 14.1, and 24.0 °C, respectively; the three cases of thelaziasis
were reported from these regions in the mentioned month and year
(Table 1). The incident in this study was diagnosed during winter
(January 2022) in Niigata Prefecture of the Hokuriku area. The annual
average temperature of Niigata Prefecture was 2.5 °C in January 2022,
when this particular incident was diagnosed. Therefore, considering the

substantially colder temperatures than those commonly associated with
thelaziasis, this case study suggests that T. callipaeda infections can
occur beyond warm seasons and locations. Additionally, the geograph-
ical distribution of T. callipaeda may encroach on eastern Japan,
including the Hokuriku area.

Considering the h9 haplotype of T. callipaeda determined in this case
study through PCR analysis, the likely origin of the parasite was western
Japan, known for its warmer climate, which spread to the Hokuriku
area, with an appreciably lower average annual temperature. The
mitochondrial genome of T. callipaeda is circular in form, 13,668 bp in
length, and contains 12 protein-coding genes, 22 transfer RNA genes,
and two ribosomal RNA genes'; cox1 is the most well conserved of the

Table 1
Characteristics of reported cases with haplotype identification in human ocular Thelazia callipaeda in Japan.
Author Year of Age, Sex Residential district, Date of Average of monthly temperature, No. Of Haplotype
publication years prefecture onset °C worms
This study 2023 77 Male  Niigata Jan. 2022 2.5 11 ho
Kumase Y. 2010 89 Male  Okayama Oct. 2008 19.1 9 h9
et al.’”
Ishibe T. et al.'® 2021 78 Male  Kumamoto Apr. 2020 14.1 6 h10
Ishibe T. et al.’® 2021 80 Male Oita Jun. 2020 24.0 2 h10

Abbreviation: h, haplotype.
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contained genes, which is the basis for its use in T. callipaeda identifi-
cation and haplotype determination.'®> A comprehensive population
analysis of T. callipaeda haplotypes and their distribution by Zhang
et al.'* revealed two major classes of T. callipaeda populations in Japan
(h10 vs. h9, 11, and 12), based on phylogenetic diversion. Currently, the
majority of research on T. callipaeda haplotype analysis is performed in
Europe and China. In contrast, there have been three known reports of
T. callipaeda infections in Japan, followed by haplotype determination
by Kumase et al.'? (one case) and Ishibe et al.'® (two cases). The
T. callipaeda described by Kumase et al.'? from Okayama Prefecture in
the Chugoku area was an h9 haplotype. Similarly, the two specimens
described by Ishibe et al.'® from Oita and Kumamoto Prefectures in the
Kyushu area were both h10 haplotypes. In this case study of a patient
presenting in Niigata Prefecture in the Hokuriku area with a colder
climate, the parasite was determined to be the h9 haplotype, matching
the haplotype reported in Okayama Prefecture. This result may indicate
that the geographic origin of the inciting parasite may be western Japan,
where the climate tends to be warmer than that of the rest of the country,
ultimately spreading to the colder Hokuriku area.

This case report had several limitations. This study primarily focused
on human infections of T. callipaeda, and animal cases were not
considered in the discussion. However, due to the zoonotic nature of the
disease, further analysis of the epidemiology of animal thelaziasis may
elucidate the route of infection. Additionally, no conclusion was reached
regarding how the parasite reached the conjunctival sac. However, this
case warrants investigation of the current state of thelaziasis spread in
both humans and animals, and we encourage researchers and clinicians
to share clinical findings of thelaziasis and the characteristics of
T. callipaeda from known cases to increase awareness and prevent the
extensive spread of the disease.

4. Conclusions

In this report, we describe the clinical findings of a case of ocular
T. callipaeda infection in the Hokuriku area, which is known for its cold
climate. Molecular analysis through PCR of the specimen suggested that

it originated from west Japan, which has a warm climate, raising con-
cerns about the widening distribution of T. callipaeda in Japan.
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