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Abstract: The grest egret, 4ndan alba egrarra, is a cosmopolitan fish-eating bird with a wide dismbotion on the American continent. This bird is
adapted to the when environment and this increases the opporhmities for interacton with other animals and their pathozens (ie., parasites)
Samples of helnninths parasitizing the oral cavity and esophags were collected from 23 indiciduals of 4 a esverta, which received these sick
animals that died from wildlife resooe instimtons: Maneal das Gargas Park, Fodrienes Abves Zoobotanical Garden, and the Environments] Police
Baftslion, in Belém Para state, North of Brazil. The mematodes were washed with distillad water and fixed in 70% sloohol. Stained with iron-
acetocamuine and analyzed nsing hight microscopy and scanming eleciron microscopy. Specimens were morphologically compatble with the genns
Cimostomm fom four birds (17.4%), with an infaction intencity of 14.5%, an abimdance of 2.5%, and a range of 3-28 trematodes per host. The
morphological and morphometric data made it possible to characterize the specimens in this stady in similarity to O margimanm and O fodaommui.
This study expands the geographical dismibution of the gemms Clinasiomuom in the ezstern Amazon region.
Keywords: heron, mematodes, (Clinostomum, Brazlisn amszon.
1. Imtroduction

The great egret, Ardea alba sgretta (Linnaeus, 1738), 15 a cosmopolitan aquatic bird wath a wide distibution on the Amencan
contment It 15 adapted to urban emironments, wsng parks, water bodies, and canals as food sources. Ths feeding behavior mncreases
opportumities for interachion with other amimals, including imertebrates (Lovenzon et al, 2012; Olivewa et al, 2018). Thas bod
harbors vanous helminth species that are directly related to the consumption of fish. Among the most commeon helminths are the
genera Contracascum, Desmidocercella, Eustrongylidez, and Porrocascum; the cestodes: Dendrewtering and Falipora; the
trematodes: Clinostomum znd Fibeiroia; and the acanthocephalans: Cemmorlpmchus and Polymorphus (Travassos, 1926; Vicente et
al., 1995, 1969; Aruda et al, 2001; Pinto of al., 2004).

The gemus Clinostomum (Leidy, 1856) (Dhgenea: Clinostormdae) infects the oral cavity and esophagus of Ciconiformes,
Pelecamformes, and Suliformees birds (Kanev et al., 2002; Locke et al., 2015). The larval stages of these trematodes mfect freshwater
snals (gastropods) as the first infermediate host (Chung et al., 1998) and fish or amphibians as the second intermediate host (Caffara
ef al., 2014; Mutengu et al., 2018). Trematodes of the germs Clinosromum can also mfect humans by mgesting raw or undercocked
fish (Park et al., 2009; Sutili et al . 2014). The present work aims to report the oral mfection by Clinostomum sp. iIn 4. a. egrefta of
the peri-urban areas of Belém city, in the eastern part of the Amazon Forest of Brazml, and it presents a checkhst of Clinostomum
species nfecting birds in the world.

2. Materials e Method:

1.1. Authorization for research

The research was approved by the Ethics Committee on the Use of Animals (CEUUA) of the Federal Fawal University of the
Amazon (UFRA), being approved with protocol mumber 23084-022512, in addition to the opmion of the Brazihian Inshitute of the
Emvironment and Renewable Natwral Eesources (IBAMA) with number 39285,

1.2, Host collection

Between 2016 and 2018, 23 mdniduals of 4. a. egretta (pichwre of the bird's Fizure 1A) necropsied had body lengths ranging
from 30.7 to 1250 cm and weights from 0.524 to 1,166 kg (4 famales and 19 males). These mdniduals were recerved from waldhife
rescue mstitufions m the Matropolitan region of Belsm namely Mangal das Gargas Park, Eodngues Alves Zoobotanacal Garden,
and the Emvironmental Police Battalion, which recerve these sick animals that die or onginate from routine findings, with no chimical
history, and send them for necropsy exammations at the Animal Pathology Laboratory (LABOPAT) of the Institute of Amumal Health
and Production, Federal Fural University of the Amazon (ISPATUFEA). An mdnadual structared file was used for each bord

hitp:/'dx doi org 10.5380/avs.v3(h1.97220 1

Archives of Veterinary Science
https:frevistas.ufpr.br/vetarinary

€ ARCHIVESOF A

VETERINARY
SCIENCE

Manchi 2025

WAAVR

W0 asfrrreg g pf il Fodd oy umineyy for
i Afesissamani of Vatrrbeerey Parmifshop

ARCHIVES OF
VETERINARY
SCIENCE

March/2025

publish.avs@ufpr.br
editor.avs@ufpr.br

PPGCV

PROGRAMA DE POS-GRADUAGAD
EM CIENCIAS VETERINARIAS-UFPR

| i
[ anos
Setor de Ciencias Agrdrias
l ' I= P R Universidade Federal do Parand

UNIVERSIDADE FEDERAL DO PARANA 1 9 7 3 - 2 O 2 3

T




ARTICLES

m‘ Archives of Vatarinary Science https:ffwra ufpr.br

analyzed. The analvas of the organs was mtially performed m loco, with a descnption of the airangement of the parasites with the
anatonucal positon of the crgans.

1.3, Necropsy and microscopic analysiz

The necropsy of the birds was parformed nsing an incision m the skin between the legs and the coelome casaty, with subsequent
divulsion of the skm and mmiscles in the cramal direchon and exposure of the muscles of the chest. Then, an incizion was made along
the neck of the bard m the cutaneous tissue, cuting up to the lower jaw, releasing the tongue, allowing the removal of the tongue,
pharymx, esophagus, and larymx-trachea assembly. This was followed by disarticulation using an meision on the medial side of the
thagh, extending it to the antenor portion on both sides to expose the viscera so that each organ could be carefully examined mn s1ia,
according to Amato and Amato (201070,

Dhning necropsy, adult helmanths were collected from the oral cavity, separated in 2 Petri dish contaming phosphate-saline buffer
solution (FBS) to remove mpwrites, and placed mm Eppendorf-type tubes contaimng 70% alcohol for fixaton. For identification,
the trematodes were stained with camume-ferro-acetic acid and differentiated with an alechol-chlonide-acid soluhon (Amato et al ,
1991). The specimens were subsequently dehydrated, cleared with methy] salicylate, mounted on sheets with Entellan. and analvzed
using a Lerca D2 500 microscope with a dawing tube, maged under 2 Letca DM2500 microscope (Leica Microsystems GmbH,
Wetzlar, Germany) with a Lerca DFC3 10 FX digrtal caphure system with Letca Application Suite V4.4 software (Laica Microsystems
CmbH, Wetzlar, Germany). The measurement wunit was provided in micrometers (um), composed of anthmeetic means followed by

For scarming slectron mmeroscopy (SEM) analyzis, the specimens were washed m cacodilate buffer solubon, post-fixed m
comium tetroxaide (Os0k) at 1% for 1 hour, subjected to dehydrztion in increasmg series of ethanol starting at 2 concentation of
50%, dried on the cntical point appliance using carbonic gas, and analyzed by SEM-Vega 3 (TESCAM, Brmo, Czech Fepublic). The
idennification of rematodes was camed out nsing the taxonomue keys and relevant hibliographies (Vicente et al.| 1995; Smath et al |
2007).

14, Statistical amalysis
To determmme the mdices of parasiism, prevalence (%o}, mean intensitv of mfecton (yl). and mean abundance (A} were
estimated accordng to Bush et al {1997).

1.2, Checklizt method
Uzing published records and mformation in indeved jowrnals, a checkhst of species of the perms Clinostomum and thewr definthve

bost birds in the MNew World was generated (Table 1). The keywords used were wild birds, Clinostomum spp., infection, parasite,
and trematodes. The species of trematodes are presented m alphabetical order, followed by hosts (specific name), country, and
references (between parentheses, m chronelogical sequence). The trematodes and host species m this hst do not mply that the
authors agree with thewr validity or taxonony.

L6. Map

Based on the previously mdicated checklist approach, a map was made to show which trematodes of the genus Clinostomum
parasifize birds worldwade.

Species Hasi Caumry Helerences
Claatoaivm ellun Ardes aife LIEA Ronser of al. 2007
L anguis Eprets thuls Melzsesn Seveno Linbe o al. 2008
L AL APehsogmins aryniiol ey LTSA Kascdln e al. J004
. cafarae Ardes alfe Moo Sereno Uribe e al. 2008
. ciclekinrsm Ardog afthe, Cortleanter Cocllsanis, Tignmone nercanun Mewoo Saeveno Linbe et al. 2008
Pelecams enyrhrorynchos, Egrerin casmubes, dnfea slba USA, Mexicn,  Binsclln a1 al., 2004; Meaioya ot al,, 30M; Oiztinrk and Ussur,
Ardes ehnerng Turkey s
oL e i o i Brazil Towvassos ¢ al,. 1965
L. ifimarmhii Ardag eovad, Mivthsomay Apctheonaw, Ngrlrewa beasilicase Hraczil Dois ot al. 20403; Travasses atal_ 1969
. forgaiani Ardlog vovei Argentin Mlomies et al. 2021
Ardag covd, Ardsg alhe. Aealen beroadar, Cormevexiius atbur Brazil, Coba.  ‘Wemeck o al, 2007; Troveesos eial., 1960 Pver-Sigueras,
o ey ephthy, Sataies amian, Egreia cadradas, Butornlfe arkeda, Moo, 1955, Bravo-Haollis, 1997, Pirez-Fonee de Lela o ol, 2007,
Myripmasss ks Wengmmla Cpballors: and Diaz-Lingria, 1958
L mipreeaiadis Phelrcromarar vpam Werrla Price, 1938
Ardes affur, Ardin herndiar, Saiudeser thin, Mretivarer LF5A, Mexicn,  Amech o al., 33, Calies o2 al 2001, Cort, 1003, Reosser e
mrvctivorar, Tigrisoma Macanon Canada, Oracil sl 2007; Serene Uribe i al. 3010%; 2022
£ o Phalscrapnrar aurins %A Bosser of al. 2008
. falarwm Arde o, Arden herodns, Tigrissoma menicanun Mewion Sereno Linbe o 4l 2003
. lapise Arides purprines Turky Cirtirk and U, 2025

Table 1 - Fecords of species of the genus Climasiomum and their definitive hosts birds in the Mew World

€ rmplaraim

£ marginatum
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3. Results

3.1. Clinestomum infection

Trematodes were observed mfecting the orzl cavity of the bards (Fig. 1) without apparent macroscopic changes m the fissuwe. In
total, 58 specimens of adult trematodes were collected. A morpholomical analv=s of the trematodes was performed, wihuch allowed
the identfication of a genus belonging to the Chnostomidea fapuly, germs Clinosrommm sp., found m four specimens of Arndea alba
examumed (17.4%:).

Fegarding the site of infection. m all animals" parasiism was detected m the oral cavity, and in one bird co-infection ocowred
in the esophagus. The average mtenaity of mfection was 14.3, the average abundance was 2.5%, the range was 3 to 28 tematodes
per bird, and the totzl mtensity of infection was 58 (Table 2). The presence of trematodes in the oral cavity and esophagus of the
birds did not promote macroscopic changes in the cigans.

o

Figure 1 — Adult Climostoruon sp. present in the oral cavity of drdea aiba egrera. A circle. B: ammow.

St ol infection

Filgmwtiliearion Hast arigin
Oral cavity Esophagms L)

| Rudrigucs Alves Zoobolimical Ganjien T | 48,3
2 Mimpgal dis Gargss Park LT

3 Mimpal s Claras Park 52

4 Environmental Palics Batialion ; 15

Larandl tadal 57 | (]

Table } — Total menber of rematedes of the penus Climosfomam sp. fnmd after dissection of the digestive Tact in Ardes alba birds necopsied
at LABOPAT-UFEA berween 2016 and 2018,

3.2, Morphological analysis

Adult trematodes of Clinostomemn sp. (based on 10 specimens) have an elongated and truncated body, wath mascimmum width m
the gonzdal remon (Fig. 24). Small o=l sucker swrounded by a well-developed cephabic collar, small and debicate mmscular
pharvox; short esophagus, bifurcated mimmedhately postenioady at the level of the oral sucker, esophazeal bulb present. The ventral
sucker is larger than the oral sucker (Fig. 2B). The mtestinal cecum projects to the postenior end of the body, wath shghtly receszed
margns m both the pre- and post-acetabular regmions (Figs. 2A. D). The excretory ducts are not vasible. Testes between the mmddle
and postenior thurd of the body; antenor testis, nangular, shghtly lobulated, compressed laterally by the cirrus sac and dorsoventrally
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b the uterus when filled with egzs; postenor testis tnangular and median, extending mto the mfraczecal space. The cirus sac 15

antertor to the ovary, suroundmg the nght laterodorsal marsin of the antenor testis and displacmg the antenior lobe to the left. The

gemtal pore anterior to the anferior fesfis 15 not visible m most specomens. The ovary 15 small, rounded, and located m the

intertesticular space on the nght side of the body (Figs. 2C, E). Vitellana 15 extensive, extending from the postenior margin of the B

ventral sucker to zlmost the end of the cecum (Figs. 24, B, C, D). The uwteroduct muns around the left marsin of the antenior teshs = o *

and opens mto the wienne sac, which cccuptes almest all the space between the vental sucker and the anferior testis when fillad

with egg=. Muscular metraderma, connecting the uterus to the genital atmum. Mature egzs m the uterme sac, some m the uterine

duct, and the cotypic complex space (Fig. 2E). =

W0 asfrrreg g pf il Fodd oy umineyy for
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Figure 2 — Morphology of adult Clinosromum sp. collected from the oral cavity of drdag alba egrerta. A) Veniral region by lisht micoscopy.
Scale bar = 2 num. B) smterior end. yellow asterisk: cephalic collar, s oral sucker, Phr pharyme, Es esophagus, Ca: caeca, Vs ventral sucker.
Scale bar: 500y C) Posterior end: Te: testis, O owary, Vit vitellaria, Ep: excretory pore. Scale bar: 500 pm. ) Esquematc design of the
vental region. E) Genital complex At: Anterior testis, Pi: Posterior testis, Ch: ovary, Cs: Cimus-sac, Gp: gemits] pore. e: eggs, blue astensk:
metraderma Scale bar = lmm.

3.3, Morphometric analysis
Clinostomum sp. adult parasites (Fizs. 2A and 3A) (based on 10 specumens) had a body length of 5.3 to 7.6 (620.588) puom and
body width at the level of gonads 1.1-1.7 {1+0.18) mm The Oral collar-hike (Figure 3B) folds 0.5-1 (1+0.14) mm m length and

0.7-1.1 {1=0.14) mm in width The (hal sucker measured 171-486 (2912093 x 171-486 (294=06) um (Fig 34). Vental mucker
measming 343-829 (660=T7%) x 514-T14 (61952) um (Figs 3A, C). Distance between orzl and ventral sucker 0.6-1.1 (1+0.18) mum

Antenor testis 171-329 (2442550 2 220471 pm (334267). Postenor testis 171-329 (253+53) x 314-57] pm (423+74). The distance
l:-etwemtesnﬁ was 229-414 pm (306250). The ovary 1s small and intertesticnlar 214-343 (260417 x 128-257 pm (190+40). The
comus-sac, 229357 (291044 x 129-271 (186£39) um. The eggs measured 87-103 (96=5) x 43-67 pm (52+7). The Ventral gerutal

p-ucrel:E'lg_'!-D} of trematode.
The salected morphomeinic charzctenistics of the Clinestomum sp. species parasiizing the Ardeidae famuly and compared with
those obtained in the present study are showm in Table 3.
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Figure 3 — Scanning electron microscopy of Clinostomumy sp. collected from the oral cavity of Ardea aiba egrera. A) Venmal region of nn c“ I“Es 0F
Clmostomum sp. adalt. Os: oral sacker, Vs: ventral sucker, Gp: genital pore. Scale bar: 1 oo B) Small oral sucker summounded by omal collar
(*). Scale bar= 200 pm. C) Venmal sacker, scale bar: 100 pm. IV) Gendtal pore. Scale bar= 20 pm.
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Table 3 — Body meamrements of some species of Climosrommm spp. (Digenea: Clinostomidae) parasites of birds of the family Ardeidse

(Pelacaniformes). Mesmrements in micrometers (um) unless otherwise indicated; *measared in millimeters; Abbreviatons: L: length; W wdth

In the MNew World, there are records of 16 species of the genus Clinestomum parzsiiang piservorous birds m thewr adult form “ETEH I Nnnv
{Tahle 1), which include mugratory birds of the species 4. alba, 4. pirpurea. 4 cocod, 4. herodias, and E. thula (Hayes etal., 2023;
Oztivk and Unmar, 2025). Considenng that several species of Clinostomum can cosxist m different birds in the same g}engnphlcal
area, genefic analyses complementary to morphelogical taxonomy are necessary to offer relizble speaific identification (Figure 4. cIENcE
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Figure 4 — Map idenafyins the aress where the occoumrence of rematodes of the gemms Climosromum in birds has been recordad.
4. DHscussion
Specimens of tvematodes from the Chnestonudae fanuly found in the oral cavity of 4 4. sgrerfa m the study amea were
characterzed through morphological and morphometic apalyses. They presented taxonomuc charactenstics compatble with the
gems Clinostomum, including the size and position of the wiers, ovanes, testes, cmus-sac, vitellaria, and the genital pore (Ukoly,
1966), Yamaguh, 1971; Ferzullzev and Mirzoeva, 1933). The SEM anzlymis allowed visualization of the excretory pere and the
absence of spines In the tegument. The diserimunation between species of the genus Clinostomum 15 challenging becanse the
morphological charactenstics traditionally used to distingmsh spectes are debatable and can be considersd of low utlity (Matthews
and Cnbb 1998).
Caffara et al. (2017) reported that the most reliable morphological charactenistics for identifving Clinostomum spp. species are

related to the gemital complex. The specimens analyzed in the present study had external and gemital morphological charactenstics
simmlar to O marginamm and O fatauened because of the location of the gemital pores, lobed teshicles, and confluent volk follicles nn c " I“Es 0F
i the pre- and post-testis regions, small oral collar, tiangular-shaped testis, small ovanes, and intertesticulars (Sereno-Unbe et al.,
2013; 2018; Caffara et al., 2011; Bosser et al.| 201 7). However, 1t differs from thes in the location of the cimmus sac, located near the
nght edze of the anterior testicle going to the loft side. thus also the specimens of this study presented a small oral collar, angular-

shaped testicles, small ovanes, and intertesticulars. These charactenstics are common to the species O margiuaium (Sereno-Unbe
etal 2013; Rosseretal 2017
The present study found an infecton prevalence of 17.4% and a total infection intensity of 538 adult trematodes m the oral cavity

and esophagus. Higher values were observed m Mississippn, USA by Kosser et al (2016), with a prevalence of 31% of C. album

and 7T7% of C. marginatum i the oral canity and esophages m 4. alba. In another study, Rosser et al (2017), also m the state of
Mississippl, reported that trematodes of the germs Clinostomum sp. were found m the oral cavity and, occasionally, in the esophagus,
with an overall prevalence m A alba of 83%. In Arpenting. Lamasch et al. (2009 cbtaned a prevalence of 100% of the C. sorbens
specimen 1 the esophagus of Tigrisema lineanum, a bird belonging to the Ardeidae family. Rosser et al. (2018) reported the C.
Poteas specimen parasitzng the tracheal region of 4. alba, with an infection prevalence of 100%:. A study developed by Bamardon
ef al. (2013}, in the southemn regon of Brazl, showed a prevalence of 40%: of these trematodes m the oral cavity and esophazus of
A. alba. Wemerk et al. (2017) observed a 100% prevalence of C. heluans in the oral cavity of the bird Botaurus pimans, also of MarCh/2025
the Ardeidae family.
Within the cral cavity of the birds analvzed, no macroscopic changes associated with trematodes were observed; however, there
was an merease of muens 1 the oral cavity. The pathopenicity of Chinostemum spp. deseribes acute inflammmatery lesions in the oral
and cesophageal submmeosa that can compromise host swallowing and feeding (Thas et al | 2003; Shame etal., 2013). On the other
hand, Clhimostomum spp. 15 2 parasite of importance, both for aquaculhwe and public hezlth because lumans can alse become
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accidental hosts by consuming cultivated or artisanal fishing products infected with metacercanae that can produce senous
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patholomeal effects (Shuz et al., 1998; Park et al | 2009). The specimens analyzed belong to the State of Para, where larval foams
of Clinostemum spp. In fish were reported. from Parauapebas City and Marapo Island (Salgado ef al, 2010; Bemgno et al., 20110,
confirming the participation of defimriive and intermediate hosts n the biological cyele of Clinosfornon sp. in this part of the Amazon ok h
reglon. e -
Shamsi et al {2013} reported the pathogenicity of Clinostomeum spp.. with zcute inflammatory lesions ceouning m the orzl and
esophageal submmcosa, which can compronuise swallowing and lead to maloufiton, which n twm can weaken the immine system
of birds. Dhas et al. (2003} also reported that mtense liguefaction necrosts can coour m the esophagns of host birds. In the present w H HV E
study, no macroscopic changes associated with the presence of rematodes were observed; however, an mereass In mmens m the oral
v::rrj.tf was observed. B auferrmr pf e Wpgld |.-\,.... |r\.|.|.-:' e
Clinostomum spp. infects piscivorous birds, many of them migratones. Flyways of bods reflect phylogenetic clustering and b s s o
therefore, suggest that mfection of a flying host allows genefic exchange between parasites across large geographical distances
{Monnens et al., 2023).
The desemiption of Clinostennem n this study 15 complex becanse the morphological characters traditionally used to distimpmish
species can be considered of low utlity, differing only in secondary characters (Matthews and Cnbb 1998). Therefore, molecular
analyses are of great importance m identfying species of thes trematode (Dakowski et al. 2004; Serenc-Uribe et al. 2018).

. Concluszion
'Ihemacrp]:mlaglcal and morphometric data for adults of Clinestomum sp. show that 4. @ egretta 15 one of the defimtrve hosts of
this parasite and expands the geographical dismbution of the genus Clinostemumn in the eastern Amazon region.
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