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Abstract

Background: Equine thelaziosis is a neglected vector-borne parasitic disease in modern veterinary medicine, lack-
ing recent reports. It is transmitted by Musca autumnalis, and potentially other Muscidae species, by ingesting the
lachrymal secretions of its equine host. The distribution of both Thelazia lacrymalis and its intermediate hosts remains
largely unknown throughout Europe, with most studies dating back 20 years. The aim of this study was to assess the
presence, prevalence and distribution of T. lacrymalis in horses from Romania.

Methods: The eyes of 273 horses, slaughtered at two abattoirs from the Northwestern and Western regions of
Romania, were examined for the presence of T. lacrymalis between March and November 2021. Upon detection, the
nematodes were collected and morphologically identified using the keys from literature. Following identification,
one specimen from each animal was selected for molecular analysis while the rest underwent detailed morpho-
metric measurements. Mapping and distribution, according to ecoregions, was done using the QGis 3.20 software,
while sequences obtained were compared to those available in GenBank through BLAST analysis using the MEGA X
software.

Results: Of the 273 animals sampled, 12 (4.39%) were positive for Thelazia spp. infection. Eighty-seven nematodes
were recovered, all morphologically identified as T. lacrymalis. The intensity of infestation varied between one and 33
nematodes/animal while five animals presented a bilateral infestation and seven a unilateral one. The highest preva-
lence was encountered in Pannonian ecoregion (12.12%) while the lowest was in the Alpine ecoregion (0%). Seventy-
five intact specimens underwent detailed morphometric analysis, of the 18-20 parameters, resulting in notable dif-
ferences in striation lengths compared to the data available in other reports. BLAST analysis identified a 96.46—98.60%
similarity to the only other COI gene sequence available for T. lacrymalis.

Conclusions: The current study represents the first report of T. lacrymalis in horses in Romania. The low prevalence
rates are probably linked to the wide use of macrocyclic lactones.
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[1]. For elazia spp. infecting large ruminants and
horses, Musca autumnalis seems to be the main vec-
tor. Musca domestica as well as other Muscidae species
have also been suggested as vectors [2, 3]. e disease
has garnered much attention within the past 2 decades,
following the emergence of elazia callipaeda in car-
nivores and other hosts, including humans, throughout
much of Europe [4]. Additionally, occasional reports of
cases in large ruminants still emerge from time to time
in Europe [5, 6]. In Romania, elazia spp. were so far
found in domestic and wild carnivores [7—10] and cat-
tle [6, 11].

In horses, the disease is poorly studied, and its epi-
demiology remains largely unknown. e only spe-
cies reported in horses is elazia lacrymalis, first
described in Germany in the nineteenth century [12].

e species is cosmopolitan, ranging from Asia to the
Americas and Europe [3, 13-19]. However, reports
of thelaziosis in horses in Europe are scarce, with the
last published case in 2007 in Germany [20]. With the
exception of the former USSR, where equine thelazio-
sis has been reported in the region of Bashkortostan
(at the very eastern limit of geographical Europe) [3],
equine thelaziosis has not been documented in East-
ern Europe. One report of T. lacrymalis was published
from Switzerland in horses imported from Poland and
Hungary, but the infection site of horses is not identi-
fied with certainty [2].

e aim of our study was to investigate the occurrence
of elazia spp. in horses from Romania. Additionally,
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we provide detailed morphometric data to improve the
species description.

Materials and methods

Samples consisted of both eyes belonging to 273 horses
slaughtered at two di erent abattoirs from Northwestern
and Western Romania between March and December
2021 (Table 1). For each horse, the following data were
collected: sampling date, age, sex and origin (locality,
geographic coordinates, altitude and ecoregion).

In the slaughterhouse, the eyes of each animal were
removed along with adjacent tissues, namely eyelids and
lachrymal glands, without perforating the conjunctival
sack and individually placed in a sealed zip bag. Any vis-
ible  elazia worms were collected in a 1.5-ml plastic
tube with saline and placed in the same zip bag as the
eyes they belonged to. All samples were then transported
to the Department of Parasitology and Parasitic Diseases
of the University of Agricultural Sciences and Veterinary
Medicine of Cluj-Napoca for detailed examination. Upon
arrival, the samples were transferred to a refrigerator
prior to examination, which was done in maximum 48 h.

Each eye and adjacent structures were carefully
examined by opening the lateral canthus followed
by the eversion of the eye globe. e third eyelid was
inverted and partially detached allowing the lachry-
mal ducts to be dissected. Subsequently, each eye was
flushed with physiological saline along with their corre-
sponding bag into a Petri dish. e content of the Petri
dish was examined under a zoom stereomicroscope. All

Table 1 Sampled horses according to their age category, altitude interval, sex and ecoregion

Variable Sampled Positive Prevalence (%) 95% Cl
Sex Males 136 5 367 158-8.32
Females 137 7 511 25-10.17
Age interval (months) 1-131 81 7 864 4.25-16.78
132-251 125 4 32 125-7.94
252-371 60 1 166 0.29-8.86
>372 7 0 0 0-35.43
Altitude interval (meters) 0-100 38 0 0 0-9.18
101-200 73 6 822 3.82-16.79
201-300 50 2 4 11-1346
301-400 58 2 344 0.95-11.73
401-500 23 2 8.69 242-26.8
>501 30 0 0 0-11.35
Ecoregion Pannonian 33 4 1212 4.82-27.33
Continental 161 7 435 212-87
Alpine 45 0 0 0-7.87
Steppic 34 1 294 0.52-14.92
Total 273 12 439 253-752
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collected nematodes were placed in vials with physi-
ological saline and kept in a refrigerator until morpho-
logical identification.

Each nematode was morphologically identified to
species and developmental stage based on morpho-
logical keys described in literature [3, 16, 21]. e
undestroyed specimens were preserved in 4% formalin
solution and processed by detailed morphometric anal-
ysis including 19 parameters in adult males and larvae
and 20 in adult females, as shown in Table 3. Morpho-
logical identification and measurements were carried
out using the Olympus microscope (Olympus BX61)
and dedicated software. e number of nematodes was
independently recorded for each animal, by stage and
sex.

One nematode from each horse was randomly selected
and stored in 70% ethanol for further molecular char-
acterization. DNA was extracted individually from 12
nematodes using ISOLATE Il Genomic DNA Kit (Bio-
line Meridian Bioscience, Luckenwalde, Germany),
according to the manufacturer’s instructions, and stored
at— 20 °C until further use. A PCR amplification target-
ing the mitochondrial cytochrome oxidase | (COI) gene
region (670 bp) was performed in 25 pl reaction volume,
containing 12.5 pl My Taq® Red PCR Mastermix (Bioline
Meridian Bioscience, Luckenwalde, Germany), 6.5 ul of
ultrapure water, 1 pl (10 pmol) of each of the two previ-
ously described primers [22], COlintF 5-TGATTGGTG
GTTTTGGTAA-3' and COIlintR 5-ATAAGTACGAGT
ATCAATATC-3, and 4 pl aliquot of isolated DNA. One
negative control (PCR water) was included. e PCR
was performed using a C1000™  ermal Cycler (Bio-
Rad, London, UK), with the following conditions: initial
denaturation at 95 °C for 5 min, followed by 40 cycles of
denaturation at 95 °C for 45 s and annealing at 47 °C for
45 min with extension at 72 °C for 1 min. A final exten-
sion at 72 °C for 5 min was performed. Amplification
products were visualized by electrophoresis on 1.5% aga-
rose gel stained with ECO Safe 20,000 x Nucleic Acid
Staining Solution (Pacific Image Electronics, New Tai-
pei, Taiwan), and their molecular weight was assessed
by comparison to a molecular marker (HyperLadder™
100 bp, Bioline Meridian Bioscience, Luckenwalde, Ger-
many). e quality of the samples was visually assessed
via gel electrophoresis before samples underwent puri-
fication. All PCR products were purified using the I1SO-
LATE Il PCR and Gel Kit (Bioline Meridian Bioscience,
Luckenwalde, Germany) and sent for sequencing in both
directions (Macrogen Europe, Amsterdam, e Nether-
lands). e attained chromatograms were assembled, and
consensus sequences were edited and translated to cor-
responding proteins using Geneious 4.8.5 software (Bio-
matters Ltd., Auckland, New Zealand). e consensus

Page 3 of 10

sequences were compared to those available in the
GenBank® database by means of Basic Local Alignment
Search Tool (BLAST).

e statistical analysis was performed using Epilnfo
7 software (CDC, USA). e frequency prevalence and
95% confidence interval (Cl) of infestation were calcu-
lated both overall and according to various categories
(Table 1). edi erences among categories were assessed
by means of Chi-square testing. Mapping and distribu-
tion were carried out using the QGis software (version
3.20).

e evolutionary analyses were conducted using
MEGA X software [23]. e analysis involved 18 nucle-
otide sequences: 12 attained within the present study,
five sequences of  elazia spp. retrieved from GenBank
and one Dirofilaria immitis sequence as outgroup. e
sequences were aligned using the MUSCLE algorithm,
and the evolutionary history was inferred by using the
maximum likelihood method and Tamura-Nei model
[24]. A discrete gamma distribution was used to model
evolutionary rate di erences among sites.

™

Results
Of the 273 animals sampled, 12 (4.39%) were positive for
elazia spp. infestation (Table 1). A total of 87 nema-
todes were collected (Table 2). Of the infected animals,
five presented a bilateral infestation (41.66%) while the
rest had a unilateral one (58.33%). e intensity varied
between one and 33 nematodes per animal (mean inten-
sity 7.25 nematodes/infected horse and median of 4) with
an intensity between one and 20 nematodes/infested
eye (mean intensity of 2.66 and 4.58 nematodes per eye,
respectively). e adult female-to-male ratio was 3.4 to 1.
All individuals were morphologically identified as adults
and larvae (L5) of T. lacrymalis.  ere were no statisti-
cally significant di erences between the prevalence in
any of the considered categories (sex, age group, altitude,
ecoregion). Of the four ecoregions from which samples
were collected, T. lacrymalis was found in three (Fig. 1).

Of the 85 T. lacrymalis specimens, 75 were selected for
a detailed morphometric analysis (Fig. 2) (16 adult males,
36 adult females, 22 female L5). e results are shown in
Table 3.

All 12 specimens selected for molecular analysis were suc-
cessfully sequenced, and 11 unique sequences of the COI
gene were obtained. e BLAST analysis revealed a 96.46—
98.60% nucleotide similarity to the only T. lacrymalis COI
isolate from GenBank (AJ271619). e similarity to other
species of elazia (e.g. elazia gulosa AJ544881, ela-
zia rhodesi MT511659, T. callipaeda AMO042556) ranged
between 85.05 and 88.91%. Our sequences were deposited
in GenBank under the accession numbers listed in Table 4.
Phylogenetic relationships are presented in Fig. 3.
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Table 2 Population structure of Thelazia lacrymalis in horses in Romania
Code Total Males Females Laterality
Adults L5 Adults Total
BHC1-1 31 5 10 16 26 Bilateral
MMC1-21 11 4 0 7 7 Bilateral
MMC1-44 2 1 0 1 1 Unilateral
MMC1-14 3 0 0 3 3 Unilateral
BHC1-4 7 3 1 3 4 Bilateral
BHC2-11 4 1 2 1 3 Unilateral
BHC3-12 5 0 2 3 5 Unilateral
BHC3-31 4 2 0 2 2 Unilateral
BHC3-7 1 0 0 1 1 Unilateral
BHC4-12 4 1 2 3 3 Bilateral
BHC4-49 3 0 2 1 3 Unilateral
BHC4-46 10 1 3 6 9 Bilateral
Total 85 18 22 45 67

8 =

@ Positive samples
O Negative samples
Ecoregions

[ Alpine

[ Pontic

[ Continental

[ Pannonian

B steppic

Fig. 1 Distribution of T.lacrymalis in horses from Romania shown by ecoregion

Discussion

e lack of data over the past decades concerning the dis-
tribution of  elazia in large herbivores could be attrib-
uted to the appearance of more a ordable and potent
anthelmintics [25] as well as the overall lack or mildness
of clinical signs. Although equine thelaziosis is rarely
diagnosed, it may represent an animal welfare concern

due to the chronical and sometimes irreversible develop-
ment of the disease or concurrent diseases [13, 26] com-
bined with its potentially rapid spread in larger herds.

In terms of geographical distribution, equine thelazio-
sis has been occasionally reported in Europe in Russian
Federation, England, France, Germany, Sweden and
Italy [3, 14-17, 20, 27]. e current study acts as the
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| 200pm |
Fig. 2 Morphological features of T. lacrymalis. A1: Cervical region of a T. lacrymalis male; A2: tail of a T. lacrymalis male; A3: total length of a T.
lacrymalis male; B1: cervical region of a T. lacrymalis female, with the nerve ring (Nr) positioned in the lower third of esophagus and the vulvar
opening (VIv) positioned distally from esophago-intestinal junction; B2: tail of a T. lacrymalis female; C1: contents of ruptured uterus of a gravid
T. lacrymalis female with measurements; C2: cervical striations in a T. lacrymalis female with measurements; C3: gravid T. lacrymalis female with a
highlighted egg. Abbreviations: BC, buccal capsule; Eso, esophagus; Sp, spicule; Prp, pre-anal papillae; Ao, anal orifice; Pap, post-anal papillae; Lrv,
larvae; Eme, eggs containing larvae; Ume: blastomerized eggs; Str, striations

200 ym / 400 pm

first report of equine thelaziosis in the last 15 years in
Europe, and the first from Romania and Eastern Europe,
with the exceptions of old reports from the former USSR.
Although the prevalence is relatively low, we consider
that the lack of reports is related to the limited interest
of researchers in this disease and the probably limited or
absent awareness of veterinary clinicians. e low preva-
lence could also be attributed to applications of general
oral deworming protocols used in horses, which include
the use of either ivermectin or fenbendazole [28]. ere
were no noticeable di erences in overall prevalence val-
ues during di erent seasons, the overall value remain-
ing at around 5% throughout the year. Adults have been
encountered during every season. L5 females were found
only from July to the end of October.

During the present study, no statistically relevant
results could be quantified because of the low sample
number and wide distribution of both geospatial location
and developmental stages. It can be however presumed
that altitude is a determining factor in the occurrence of
thelaziosis. In this study there were no infested animals
originating from the alpine ecoregion (0 of 45); therefore,
a plausible explanation could be the decreased vector
abundance and shorter seasonal activity at higher alti-
tudes [29-31].

Although clinical signs have been associated with the
presence of adults, in most species, it has been theo-
rized that the death of larvae within the lachrymal glands
could be responsible for the appearance of coalescing



Page 6 of 10

(2022) 15:425

Cotutiu et al. Parasites & Vectors

- - 0zt (18'87) 82-86°ZT yibus| 663
- - o1 (9%92) 5'26-6'ST yIpIm 663
(6e€0T) (zs06)
- €8 - (e¥'T0T) SSYTT-9¥'09  2S'L2T-¢CSL 0zt - €8 9V09T-€V. alod euy
(20'9) (rSp) (L6')
29¢ 29¢ - (209) z8°2-TS°€ 28'1-15°¢ 8T9-/T¢€ - vl'e 11'9-69'C 10119150d
(eT'1) (26'9) (re2)
7' 143 - (eT2) L2656 L1'6-S6F 9/°1-9/°€ - 8r'e 26'8-2L'S UelpaN
(¢89)
g9t G9Y - (r'9) 606-69€ (¥'9) 60'6-69€ ¥9'/-€6'€ - 95t (609)S8/-67 Jouay uonells
(98'89) (8529) (9t'59)
- 29 08 (98'88) G97/-€905  S9¥/-€90S 80'89-S'T - 29 LL0/-SLSy  yipm [elsid
(2£02) (22'69) (rz'69)
- - - (Le0L) 5S8-7¥'T9 Ge8-VY'19  LT/8-V6'Sh - 88'€8-G2'7S  UIpIM UeIpaN
(209) (r867) (z89v) yIpIm
- ray 8y (L'0S) ¥E09-€6'68  VE09-€6'6E  ZBEI-EBEE - v ELTSCTYE [ewixold
(90'07€) (e0'pve) (v8'61€)
- €ee 75€-5€€ (90'0v€) TTTF-S060  TTIP-S0'60E ZrEVY—T0'L8T - 21 ST0SE-8T'262 y1bus snbeydos3
(2z's0T) (re'sTT) (6006) 20UBISIp
- - - (L2'S0T) L2'S0T-8T0S  LZ'SOT-8T0S  €€08T-ST9L - - B696ET-629S 10119150d
(TT9¢e2) (922€2) (52'022) aouelsIp uonisod
- 81¢ 802261 (TT'9€2) 8£'226-9920C 8£22€-9920¢ 60'€92-2LT0C - 18T S¥'9S52—/T681 louRuy Bun anseN
(St91) (9971) (78'sT)
- 14 (st91) SL0Z-¥'ZT G/02-7'CT T0Z-E7'1T - 0T  86.1-920T ypdaq
(r6'52) (89'52) (evv2)
- 1€ - (r6'S2) ¥965-EY'6T  ¥96E-EYBT  £9/E-ET0C - 9¢  8T8Z-STET  ypm [elsia
(€z'82) (99'82) (L512) upim
Ge 9 - (€2'82) 67£-8L12 6€-8LT¢  €0Ty—220¢ - 9¢  LT62-S68T [ewixold  8nsded [eoong
(zsc6) (62'98) (evee)
- - - (¢5t6) 80LTT-9¥2.  80LTT-9¥2. T6CTT-VT'S9 - - [TTET-8V'29 reL
(18522 (219792) (y92s2)
6.2 682 802 (18'522) 6G°STV—€T022 6GSTF—€1022 T6'98€-¥9T8T - L€ ¥8'682-9L°96T uelpaiy
(TzeeT) (197221) (so8TT)
- - - (TZ'€ET) 8L'68T-ST'SOT  8L681-ST'SOT  92.T-S.T6 - - /ZYY1-88'86 louauy UIpIM
(r8'5876) (86'€6L)
T.€72T v¥'1656
00SZT 00S0T 000'8T-969S  (SO'8¥6'TT) 6'66C'LT-EL 885/ -19'2929 9695 - 0029 -95'71G9 ypbuaq
JWN 28 plbIS el e} oIS JWN 28 el
sHNpy g1 sHNpy
SolewaH SoleN Ja)aweled

suo0dal Jay10 wolj e1ep aqe|ieAr Yum uostiedwod pue (G/ = U) elueWOY Ul $3SI0Y WOJ) Pa1da]|0d sifewkide] -1 Jo siskfeue oulawoydioly € ajqel



Page 7 of 10

(2022) 15:425

Cotutiu et al. Parasites & Vectors

[€] 1232 wigelnys

[Lg] ween,
[91]e12 231939
Apnisuaun),
(ueaw) abuei se wrl ur usAIb ApN3s JUSLIND Y] WOL) SIUSWSINSEIW ||y
(evLe1/86vT)
6v'6ST-TT'80T
/99087
0¢T /08T 00T /09T —1€veT YyiBuaj se|naids
(95'999)
€6v €69 095-8¢S (€8'985) 8209-v€89S  £885—L96VS BAINA
SHNpY Gl SHNpY
safews saeN 1a18Wesed

(penunuod) € 8jqel



Cotutiu et al. Parasites & Vectors (2022) 15:425

Page 8 of 10

Table 4 BLAST analysis results and accession numbers of morphologically identified T. lacrymalis submitted for molecular analysis

Code Product (bp) Molecular ID Query (%) Identity (%) with AJ271619  Accession no.
14MMC1 570 T lacrymalis 100 96.80 ON024362
21MMC1 663 T lacrymalis 97 98.15 ON024363
44MMC1 656 T lacrymalis 98 96.92 ONO024364
1BHC 659 T. lacrymalis 98 98.62 ON024365
4BHC 660 T lacrymalis 98 98.92 ON024366
11BHC2 654 T. lacrymalis 99 96.46 ON024367
7BHC3 646 T lacrymalis 99 98.75 ON024368
12BHC3 653 T lacrymalis 99 98.46 ON024369
31BHC3 657 T lacrymalis 98 98.92 ON024370
12BHC4 653 T. lacrymalis 99 98.46 ONO024371
49BHC4 653 T lacrymalis 99 98.92 ON024372
46BHC4 655 T lacrymalis 98 98.77 ON024373

granulomas following the administration of oxyben-
dazole in horses [32]. is theory also underlines the
importance of larvae in the pathological processes inher-
ent to conjunctivitis, dacryocystitis and ultimately kera-
toconjunctivitis sicca [33].

e morphological description was done to improve
the data availability for the identification of this poorly
known species. Our results provide additional data on
18—20 parameters (Table 3), extending the previously
documented variations, in adult parasites (both mature

66 _I- QO ONo024372
QO ON024373
— AJ271619 | T. lacrymalis
— O ON024368
i— O ON024365
QO ON024370
QO ON024366
QO ON024362
99 O ON024363

87

%2 © ON024369

751 QO ON024371
_LO ON024364
75— QO ONO024367
AJ544881 | T. gulosa

53

MT511659 | T. rhodesi
| KT716013 | T. callipaeda

100 | MH622760 | T. callipaeda

S |
0.05

KT716014 | D. immitis

Fig. 3 Phylogenetic tree. The bootstrap consensus tree inferred from 1000 replicates. The percentage of trees in which the associated taxa clustered
together is shown next to the branches (only values > 50% are shown). The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. This analysis involved 18 nucleotide sequences. There were a total of 571 positions in the final dataset
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and immature stages) as well as comparing our findings
to those available in other studies.

Despite the low number of COIl gene sequences for
nematodes of genus elazia available for the phyloge-
netic analysis, we showed that T. lacrymalis represents a
separate clade within the genus.

Conclusion

Equine thelaziosis is present in Romania at low preva-
lence values, related probably to the widespread use of
macrocyclic lactones. We consider equine thelaziosis a
neglected disease in Europe, which requires more atten-
tion from veterinary practitioners mainly from an animal
welfare point of view due to the potentially severe clinical
impact.
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