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Abstract: The great egret, Ardea alba egretta, is a cosmopolitan fish-eating bird with a wide distribution on the American continent. This bird is
adapted to the urban environment, and this increases the opportunities for interaction with other animals and their pathogens (i.e., parasites).
Samples of helminths parasitizing the oral cavity and esophagus were collected from 23 individuals of 4. a. egretta, which received these sick
animals that died from wildlife rescue institutions: Mangal das Gargas Park, Rodrigues Alves Zoobotanical Garden, and the Environmental Police
Battalion, in Belém, Para state, North of Brazil. The trematodes were washed with distilled water and fixed in 70% alcohol. Stained with iron-
acetocarmine and analyzed using light microscopy and scanning electron microscopy. Specimens were morphologically compatible with the genus
Clinostomum from four birds (17.4%), with an infection intensity of 14.5%, an abundance 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 study in similarity to C. marginatum and C. tataxumui.
This study expands the geographical distribution of the genus Clinostomum in the eastern Amazon region.
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1. Introduction

The great egret, Ardea alba egretta (Linnacus, 1758), is a cosmopolitan aquatic bird with a wide distribution on the American
continent. It is adapted to urban environments, using parks, water bodies, and canals as food sources. This feeding behavior increases
opportunities for interaction with other animals, including invertebrates (Lorenzon et al., 2012; Oliveira et al., 2018). This bird
harbors various helminth species that are directly related to the consumption of fish. Among the most common helminths are the
genera Contracaecum, Desmidocercella, Eustrongylides, and Porrocaecum; the cestodes: Deudrouterina and Valipora; the
trematodes: Clinostomum and Ribeiroia; and the acanthocephalans: Centrorhynchus and Polymorphus (Travassos, 1926; Vicente et
al., 1995, 1969; Arruda et al., 2001; Pinto et al., 2004).

The genus Clinostomum (Leidy, 1856) (Digenea: Clinostomidae) infects the oral cavity and esophagus of Ciconiformes,
Pelecaniformes, and Suliformes birds (Kanev et al., 2002; Locke et al., 2015). The larval stages of these trematodes infect freshwater
snails (gastropods) as the first intermediate host (Chung et al., 1998) and fish or amphibians as the second intermediate host (Caffara
et al., 2014; Mutengu et al., 2018). Trematodes of the genus Clinostomum can also infect humans by ingesting raw or undercooked
fish (Park et al., 2009; Sutili et al., 2014). The present work aims to report the oral infection by Clinostomum sp. in A. a. egretta of
the peri-urban areas of Belém city, in the eastern part of the Amazon Forest of Brazil, and it presents a checklist of Clinostomum
species infecting birds in the world.

2. Materials e Methods

2.1. Authorization for research

The research was approved by the Ethics Committee on the Use of Animals (CEUA) of the Federal Rural University of the
Amazon (UFRA), being approved with protocol number 23084-022512, in addition to the opinion of the Brazilian Institute of the
Environment and Renewable Natural Resources (IBAMA) with number 39285.

2.2. Host collection

Between 2016 and 2018, 23 individuals of 4. a. egretta (picture of the bird’s Figure 1A) necropsied had body lengths ranging
from 80.7 to 125.0 cm and weights from 0.524 to 1,166 kg (4 females and 19 males). These individuals were received from wildlife
rescue institutions in the Metropolitan region of Belém, namely Mangal das Gargas Park, Rodrigues Alves Zoobotanical Garden,
and the Environmental Police Battalion, which receive these sick animals that die or originate from routine findings, with no clinical
history, and send them for necropsy examinations at the Animal Pathology Laboratory (LABOPAT) of the Institute of Animal Health
and Production, Federal Rural University of the Amazon (ISPA/UFRA). An individual structured file was used for each bird
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analyzed. The analysis of the organs was initially performed in loco, with a description of the arrangement of the parasites with the
anatomical position of the organs.

2.3. Necropsy and microscopic analysis

The necropsy of the birds was performed using an incision in the skin between the legs and the coelomic cavity, with subsequent
divulsion of the skin and muscles in the cranial direction and exposure of the muscles of the chest. Then, an incision was made along
the neck of the bird in the cutaneous tissue, cutting up to the lower jaw, releasing the tongue, allowing the removal of the tongue,
pharynx, esophagus, and larynx-trachea assembly. This was followed by disarticulation using an incision on the medial side of the
thigh, extending it to the anterior portion on both sides to expose the viscera so that each organ could be carefully examined in situ,
according to Amato and Amato (2010).

During necropsy, adult helminths were collected from the oral cavity, separated in a Petri dish containing phosphate-saline buffer
solution (PBS) to remove impurities, and placed in Eppendorf-type tubes containing 70% alcohol for fixation. For identification,
the trematodes were stained with carmine-ferro-acetic acid and differentiated with an alcohol-chloride-acid solution (Amato et al.,
1991). The specimens were subsequently dehydrated, cleared with methyl salicylate, mounted on sheets with Entellan, and analyzed
using a Leica DM2500 microscope with a drawing tube, imaged under a Leica DM2500 microscope (Leica Microsystems GmbH,
Wetzlar, Germany) with a Leica DFC310 FX digital capture system with Leica Application Suite V4.4 software (Leica Microsystems
GmbH, Wetzlar, Germany). The measurement unit was provided in micrometers (um), composed of arithmetic means followed by
standard deviation and intervals.

For scanning electron microscopy (SEM) analysis, the specimens were washed in cacodilate buffer solution, post-fixed in
osmium tetroxide (OsOa4) at 1% for 1 hour, subjected to dehydration in increasing series of ethanol starting at a concentration of
50%, dried on the critical point appliance using carbonic gas, and analyzed by SEM-Vega 3 (TESCAN, Brno, Czech Republic). The
identification of trematodes was carried out using the taxonomic keys and relevant bibliographies (Vicente et al., 1995; Smith et al.,
2002).

2.4. Statistical analysis
To determine the indices of parasitism, prevalence (%), mean intensity of infection (ml), and mean abundance (MA) were
estimated according to Bush et al. (1997).

2.5. Checklist method

Using published records and information in indexed journals, a checklist of species of the genus Clinostomum and their definitive
host birds in the New World was generated (Table 1). The keywords used were wild birds, Clinostomum spp., infection, parasite,
and trematodes. The species of trematodes are presented in alphabetical order, followed by hosts (specific name), country, and
references (between parentheses, in chronological sequence). The trematodes and host species in this list do not imply that the
authors agree with their validity or taxonomy.

2.6. Map
Based on the previously indicated checklist approach, a map was made to show which trematodes of the genus Clinostomum
parasitize birds worldwide.

Species Host Country References
Clinostomum album  Ardea alba USA Rosser et al. 2017
C. arquus Egreta thula Mexico Sereno Uribe et al. 2018
C. attenuatum Pelecanus erythrorhynchos USA Kinsella et al. 2004
C. caffarae Ardea alba Mexico Sereno Uribe et al. 2018
C. ciclhidorum Ardea alba, Cochlearius Cochlearius, Tigrissoma mexicanum Mexico Sereno Uribe et al. 2018
Pelecanus erythrorhynchos, Egretta caerulea, Ardea alba, USA, Mexico, Kinsella et al., 2004; Montoya et al., 2004; Oztiirk and Umur,
C. complanatuin i
Ardea cinerea Turkey 2025
C. detruncatum Tigrisoma lineatum Brazil Travassos et al., 1969
C. dimorphum Ardea cocoi, Nycticorax nycticoraxi, Tigrisoma brasiliense Brazil Dias et al. 2003; Travassos et al., 1969
C. fergalliarii Ardea cocoi Argentina Montes et al., 2021
Ardea cocoi, Ardea alba, Ardea herodias, Casmerodius albus Brazil, Cuba, =~ Wermneck et al., 2017; Travassos et al., 1969, Pérez-Vigueras,
C. heluans egretta, Botaurus pinnatus, Egretta caerulea, Butorides striata, Mexico, 1955; Bravo-Hollis, 1947; Pérez-Ponce de Leon et al., 2007;
Nyctanassa violacea Venezuela Caballero and Diaz-Ungria, 1958
C. intermedialis Phalacrocorax vigua Venezuela Price, 1938
C. marginatum Ardea alba, Ardea herodias, Bubulcus ibis, Nycticorax USA, Mexico, Arruda et al., 2001, Caffara et al. 2011, Cort, 1913, Rosser et
nycticorax, Tigrisoma lineatum Canada, Brazil al. 2017; Sereno Uribe et al. 2013; 2022
C. poteae Phalacrocorax auritus USA Rosser et al, 2018
C. tataxumui Ardae alba, Ardea herodias, Tigrissoma mexicanum Mexico Sereno Uribe et al. 2013
C. tilapiae Ardea purpurea Turkey Oztiirk and Umur, 2025

Table 1 — Records of species of the genus Clinostomum and their definitive hosts birds in the New World.
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3. Results

3.1. Clinostomum infection

Trematodes were observed infecting the oral cavity of the birds (Fig. 1) without apparent macroscopic changes in the tissue. In
total, 58 specimens of adult trematodes were collected. A morphological analysis of the trematodes was performed, which allowed
the identification of a genus belonging to the Clinostomidea family, genus Clinostomum sp., found in four specimens of Ardea alba
examined (17.4%).

Regarding the site of infection, in all animals’ parasitism was detected in the oral cavity, and in one bird co-infection occurred
in the esophagus. The average intensity of infection was 14.5, the average abundance was 2.5%, the range was 3 to 28 trematodes
per bird, and the total intensity 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 organs.

Figure 1 — Adult Clinostomum sp. present in the oral cavity of Ardea alba egretta. A: circle. B: arrow.

Sites of infection Total
Identification Host origin
Oral cavity Esophagus Total %o

1 Rodrigues Alves Zoobotanical Garden 27 1 28 48,3

2 Mangal das Gargas Park 19 19 32,7

3 Mangal das Gargas Park 3 3 5,2

4 Environmental Police Battalion 8 8 13,8
Grand total 57 1 58 100

Table 2 — Total number of trematodes of the genus Clinostomum sp. found after dissection of the digestive tract in Ardea alba birds necropsied
at LABOPAT-UFRA between 2016 and 2018.

3.2. Morphological analysis

Adult trematodes of Clinostomum sp. (based on 10 specimens) have an elongated and truncated body, with maximum width in
the gonadal region (Fig. 2A). Small oral sucker surrounded by a well-developed cephalic collar, small and delicate muscular
pharynx; short esophagus, bifurcated immediately posteriorly at the level of the oral sucker, esophageal bulb present. The ventral
sucker is larger than the oral sucker (Fig. 2B). The intestinal cecum projects to the posterior end of the body, with slightly recessed
margins in both the pre- and post-acetabular regions (Figs. 2A, D). The excretory ducts are not visible. Testes between the middle
and posterior third of the body; anterior testis, triangular, slightly lobulated, compressed laterally by the cirrus sac and dorsoventrally
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by the uterus when filled with eggs; posterior testis triangular and median, extending into the intracaecal space. The cirrus sac is
anterior to the ovary, surrounding the right laterodorsal margin of the anterior testis and displacing the anterior lobe to the left. The
genital pore anterior to the anterior testis is not visible in most specimens. The ovary is small, rounded, and located in the
intertesticular space on the right side of the body (Figs. 2C, E). Vitellaria is extensive, extending from the posterior margin of the
ventral sucker to almost the end of the cecum (Figs. 2A, B, C, D). The uteroduct runs around the left margin of the anterior testis
and opens into the uterine sac, which occupies almost all the space between the ventral sucker and the anterior testis when filled
with eggs. Muscular metraderma, connecting the uterus to the genital atrium. Mature eggs in the uterine sac, some in the uterine
duct, and the ootypic complex space (Fig. 2E).

A

B | D > E

Figure 2 — Morphology of adult Clinostomum sp. collected from the oral cavity of Ardea alba egretta. A) Ventral region by light microscopy.
Scale bar =2 mm. B) anterior end. yellow asterisk: cephalic collar, Os: oral sucker, Ph: pharynx, Es: esophagus, Ca: caeca, Vs: ventral sucker.
Scale bar: 500 pm; C) Posterior end: Te: testis, Ov: ovary, Vit: vitellaria, Ep: excretory pore. Scale bar: 500 pm. D) Esquematic design of the
ventral region. E) Genital complex. At: Anterior testis, Pt: Posterior testis, Ov: ovary, Cs: Cirrus-sac, Gp: genital pore. e: eggs, blue asterisk:
metraderma. Scale bar = Imm.

3.3. Morphometric analysis

Clinostomum sp. adult parasites (Figs. 2A and 3A) (based on 10 specimens) had a body length of 5.3 to 7.6 (6+0.88) mm and
body width at the level of gonads 1.1-1.7 (1+0.18) mm. The Oral collar-like (Figure 3B) folds 0.5—1 (1£0.14) mm in length and
0.7-1.1 (1£0.14) mm in width. The Oral sucker measured 171-486 (291493) x 171-486 (294+96) um (Fig 3A). Ventral sucker
measuring 543-829 (660£79) x 514-714 (619+52) um (Figs 3A, C). Distance between oral and ventral sucker 0.6-1.1 (1£0.18) mm.
Anterior testis 171-329 (244+55) x 229-471 pum (334+67). Posterior testis 171-329 (253+53) x 314-571 um (423+74). The distance
between testes was 229-414 um (306+60). The ovary is small and intertesticular 214—343 (260+41) x 129-257 pm (190+40). The
cirrus-sac, 229-357 (291+44) x 129-271 (186+39) um. The eggs measured 87-103 (96£5) x 43-67 um (52+7). The Ventral genital
pore (Fig 3D) of trematode.

The selected morphometric characteristics of the Clinostomum sp. species parasitizing the Ardeidae family and compared with
those obtained in the present study are shown in Table 3.
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Figure 3 — Scanning electron microscopy of Clinostomum sp. collected from the oral cavity of Ardea alba egretta. A) Ventral region of
Clinostomum sp. adult. Os: oral sucker, Vs: ventral sucker, Gp: genital pore. Scale bar: 1 mm. B) Small oral sucker surrounded by oral collar
(*). Scale bar=200 pm. C) Ventral sucker, scale bar: 100 um. D) Genital pore. Scale bar=20 um.
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Characters Clinostomam zp. Clinostomon sorbens Clir Clin LR FOEECLRME Clinostomum Clinostomum heluans
complananim MaTgiann
Host Ardea alba Tigrizoma linsatum Egvettagarsertal.. Ardea alba L. Ardsa hevodias L Botawus pinnatus
Ardea cingrea L. Avdea Avdea herodiar L.
puwpwreal Tigrisoma icarume 5 Missizzipps, EUA

Country Eelém-Para, Brazil Pirané, Argentinz Ttaly Veracruz, Mexico Fio de Janeiro, Brazil
Body ([L)* 33-7.6 a1 34-63 34-98 5162 14.0-15.8
Body (W) 1-2 16 15327 0.8-3.0 14-18 14-13
Oral collar (L)* 0,508 e e 03-1 0.4-0.3 e
Oral callar (W) 1-1 0,6-16 0,7-1 ——
Onral sucker (L) 171-488 384 190-570 170-350 246-259 196-230
Onral sucker (W) 171-486 540 320-850 170-300 237-318 266-276
Ventral sucker (L) 343-829 1300 600200 420-830 330654 697-366
Ventral suckar (W) 314-T14 1400 620-200 420-777 389-677 690-353
Distance between suckers* 0.6-1 ——— e 0.4-1.1 0.6-0.% e
Anterior testicle (L) 171329 1100 350-730 220-650 373526 371-326
Amterior testicle (W) 120471 1200 360500 370-1005 334-737 E26-1.139
Postarior testicle (L) 171-52% 1400 G00-840 240-420 319-589 527-647
Postarior testicle (W) 314571 1300 300-510 450-1220 365826 D36-1.002
Diistance between testicles 129-414 170-360 252378 ———
Oreary (L) 114343 336 230-310 160-420 187-261 349-523
Crvary (W) 120-257 336 140300 150-360 176-256 176483
Cirrus pouch (L) 129-357 624 350400 250-520 316544 ———
Cirrus pouch (W) 129271 461 100-200 130-300 154258 e
Eze (L) 87-103 115125 100-125 E— 54-103 114-133
Ezz (W) 43-67 13-79 6390 63721 69-88
Rafarsnces This study Lumaschistal, Caffaraetal, Serenc-Uribe et al., (2013) Fosssratal Wameck st al,

(2009) (20113 2017) (2017
Characters Clir albiow Clir caffarae Clinostomm arguus Clinostorum cichlidorum
Host Ardsa alba L, Ardeaalbal. Egretta thula Tigrizoma mexicanum 5.
Cochlearius cochlearius Avdea alba L.

Country MMizsissipp, EUA Veracruz, Mexico Veracruz, Mexico Campeche, Mexico

Body (L}* 44-38 40-38 2838 1239

Body (Wy* 1.0-1,1 0,8-13 0,7-0,% 0,7-17

Oral collar {L)* 04-0.3 0.3-0.7 0.3-03 0.3-0.7

Oral collar (W* 0,5-0.7 0,5-09 0506 0,5-0.9

Oral sucker (L) 207-307 132-303 136-199 145-221

1Oral sucker (W) 234344 193-508 150-209 173-236

Ventral sucker (L) 430643 413-733 397448 343-574

Jentral sucker (W) 435610 431-668 302437 342-557

Diztance betwesn suckers* 0.4-0.8 0,5-0.6 0405 0,3-0.8

Antarior testicls (L) 266—46% 223451 137232 136-316

Antenor testicle (W) 445333 271-509 194309 237-678

Posterior testicle (L) 313473 230458 171-273 264364

Posterior testicle (W) 416-371 296-383 221-363 187-857

Diztance between testicles 264-334 260447 166—283 43-202

Orvary (L) 201-281 152364 106-24% 111-251

Ovary (W) 130-254 137-286 114-160 101-185

Cirrus pouch (L) 140-307 261486 203-332 189422

Cirms pouch (W) 117-162 126-206 85-132 109-211

Ezz (L) 90-108 90-108 54-106 96-10%

Ezz (W) 33-67 60-71 5868 43-61

Fafarances Foszseretzl, (2017) Serano-Urnbe stal, (2013) Serenc-Uribe et al., (2018) Serens-Uribe et al , (2018)

Table 3 — Body measurements of some species of Clinostomum spp. (Digenea: Clinostomidae) parasites of birds of the family Ardeidae
(Pelecaniformes). Measurements in micrometers (um) unless otherwise indicated; *measured in millimeters; Abbreviations: L: length; W: width

In the New World, there are records of 16 species of the genus Clinostomum parasitizing piscivorous birds in their adult form
(Table 1), which include migratory birds of the species A. alba, A. purpurea, A. cocoi, A. herodias, and E. thula (Hayes et al., 2023;
Oztiirk and Umur, 2025). Considering that several species of Clinostomum can coexist in different birds in the same geographical
area, genetic analyses complementary to morphological taxonomy are necessary to offer reliable specific identification (Figure 4).
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@ Clinostomum album
C. arguus

® C artenuatum

@ C caffarae

® C. ciclhidorum
C. complanatum
C. detruncatum

® C colichorchum
C. cimorphum
C. fergalliarii

@ C heluans

® C. intermedialis
©® C marginatum
® C poteae

® C. rataxumui

C. tilapiae

Figure 4 — Map identifying the areas where the occurrence of trematodes of the genus Clinostomum in birds has been recorded.

4. Discussion

Specimens of trematodes from the Clinostomidae family found in the oral cavity of 4. a. egrefta in the study area were
characterized through morphological and morphometric analyses. They presented taxonomic characteristics compatible with the
genus Clinostomum, including the size and position of the uterus, ovaries, testes, cirrus-sac, vitellaria, and the genital pore (Ukoli,
1966), Yamaguti, 1971; Feizullaev and Mirzoeva, 1983). The SEM analysis allowed visualization of the excretory pore and the
absence of spines in the tegument. The discrimination between species of the genus Clinostomum is challenging because the
morphological characteristics traditionally used to distinguish species are debatable and can be considered of low utility (Matthews
and Cribb 1998).

Caffara et al. (2017) reported that the most reliable morphological characteristics for identifying Clinostomum spp. species are
related to the genital complex. The specimens analyzed in the present study had external and genital morphological characteristics
similar to C. marginatum and C. tataxumui because of the location of the genital pores, lobed testicles, and confluent yolk follicles
in the pre- and post-testis regions, small oral collar, triangular-shaped testis, small ovaries, and intertesticulars (Sereno-Uribe et al.,
2013; 2018; Caffara et al., 2011; Rosser et al., 2017). However, it differs from this in the location of the cirrus sac, located near the
right edge of the anterior testicle going to the left side, thus also the specimens of this study presented a small oral collar, triangular-
shaped testicles, small ovaries, and intertesticulars. These characteristics are common to the species C. marginatum (Sereno-Uribe
etal., 2013; Rosser et al., 2017).

The present study found an infection prevalence of 17.4% and a total infection intensity of 58 adult trematodes in the oral cavity
and esophagus. Higher values were observed in Mississippi, USA, by Rosser et al. (2016), with a prevalence of 31% of C. album
and 77% of C. marginatum in the oral cavity and esophagus in A. alba. In another study, Rosser et al. (2017), also in the state of
Mississippi, reported that trematodes of the genus Clinostomum sp. were found in the oral cavity and, occasionally, in the esophagus,
with an overall prevalence in A. alba of 85%. In Argentina, Lunaschi et al. (2009) obtained a prevalence of 100% of the C. sorbens
specimen in the esophagus of Tigrisoma lineatum, a bird belonging to the Ardeidae family. Rosser et al. (2018) reported the C.
poteae specimen parasitizing the tracheal region of A. alba, with an infection prevalence of 100%. A study developed by Bernardon
et al. (2013), in the southern region of Brazil, showed a prevalence of 40% of these trematodes in the oral cavity and esophagus of
A. alba. Wernerk et al. (2017) observed a 100% prevalence of C. heluans in the oral cavity of the bird Botaurus pinnatus, also of
the Ardeidae family.

Within the oral cavity of the birds analyzed, no macroscopic changes associated with trematodes were observed; however, there
was an increase of mucus in the oral cavity. The pathogenicity of Clinostomum spp. describes acute inflammatory lesions in the oral
and oesophageal submucosa that can compromise host swallowing and feeding (Dias et al., 2003; Shamsi et al., 2013). On the other
hand, Clinostomum spp. is a parasite of importance, both for aquaculture and public health, because humans can also become
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accidental hosts by consuming cultivated or artisanal fishing products infected with metacercariae that can produce serious
pathological effects (Shirai et al., 1998; Park et al., 2009). The specimens analyzed belong to the State of Para, where larval forms
of Clinostomum spp. in fish were reported, from Parauapebas City and Marajo Island (Salgado et al., 2010; Benigno et al., 2011),
confirming the participation of definitive and intermediate hosts in the biological cycle of Clinostomum sp. in this part of the Amazon
region.

Shamsi et al. (2013) reported the pathogenicity of Clinostomum spp., with acute inflammatory lesions occurring in the oral and
esophageal submucosa, which can compromise swallowing and lead to malnutrition, which in turn can weaken the immune system
of birds. Dias et al. (2003) also reported that intense liquefaction necrosis can occur in the esophagus of host birds. In the present
study, no macroscopic changes associated with the presence of trematodes were observed; however, an increase in mucus in the oral
cavity was observed.

Clinostomum spp. infects piscivorous birds, many of them migratories. Flyways of birds reflect phylogenetic clustering and,
therefore, suggest that infection of a flying host allows genetic exchange between parasites across large geographical distances
(Monnens et al., 2023).

The description of Clinostomum in this study is complex because the morphological characters traditionally used to distinguish
species can be considered of low utility, differing only in secondary characters (Matthews and Cribb 1998). Therefore, molecular
analyses are of great importance in identifying species of this trematode (Dzikowski et al. 2004; Sereno-Uribe et al. 2018).
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5. Conclusion
The morphological and morphometric data for adults of Clinostomum sp. show that 4. a. egretta is one of the definitive hosts of
this parasite and expands the geographical distribution of the genus Clinostomum in the eastern Amazon region.

Acknowledgments: The authors would like to thank the Laboratory of Scanning Electron Microscopy of the Institute of Animal
Health and Production of the Federal Rural University of Amazdnia — UFRA, campus of Belém, state of Para, Brazil, for the
following work. This study was part of Karina Ferreira Silveira's master’s dissertation, developed for the Graduate Program in
Animal Health and Production in the Amazon - PPGSPAA, in the area of Health and Environment, at the Institute of Animal Health
and Production of the Federal University Rural Amazon — UFRA. The Coordination for the Improvement of Higher Education
Personnel — CAPES by the Brazilian Ministry of Education. And to the National Council for Scientific and Technological
Development (CNPq) to Elane Guerreiro Giese (#304593/2023-0).

Briefing notes: The authors declare that they have no conflict of interest. Ethics Committee on the Use of Animals (CEUA) of the
Federal Rural University of the Amazon (UFRA), being approved with protocol number: 23084-022512, in addition to the opinion
of the Brazilian Institute of the Environment and Renewable Natural Resources (IBAMA) with number: 39285.

6. References

Amato JF, Walter AB, Amato SB. Protocolo para Laboratorio.
Coleta e processamento de Parasitas do Pescado. 1% ed.
Rio de Janeiro: Imprensa Universitaria, UFRRJ, 1991. 81
p-

Amato JFR, Amato SB. Técnicas gerais para coleta ¢
preparagdo de helmintos endoparasitos de aves. In: Von
Matter S, Straube FC, Accordi I, Piacentini V, Candido-Jr
JF, editors. Ornitologia e conservacdo: ciéncia aplicada,
técnicas de pesquisa e levantamento. Rio de Janeiro:
Technical Books; 2010. p. 367-393.

Arruda VM, Pinto RM, Muniz-Pereira LC. New host and
geographical records for helminthes parasites of Ardeidae
(Aves, Ciconiiformes) in Brazil. Rev Bras Zool, 18(1):
225-232, 2001. doi.org/10.1590/S0101-
81752001000500018

Benigno RN. Helmintos de Interesse Higiénico-Sanitario
coletados em Hoplerytrinus unitaeniatus, Hoplias
malabaricus e  Pygocentrus  nattereri  (Pisces
characiformes) procedentes do lago Arari (Ilha de
Marajo), Para- Brasil. Tese doutorado em Higiene
Veterinaria e Processamento Tecnologico de P.O.A. Rio
de Janeiro: Universidade Federal Fluminense, 75p. 2011.

Bernardon FF. Helmintos de aves aquaticas (Pelecaniformes:
Ardeidae) do sul do Brasil. 2013. 81f. Dissertagdo

http://dx.doi.org/10.5380/avs.v30i1.97220

o

(Mestrado em Parasitologia). Instituto de Biologia,
Universidade Federal de Pelotas, Pelotas, 2013.

Braun M. Liber Clinostomum Leidy. Zoologischer Anzeiger
22:465-468, 1899.

Bravo-Hollis M. Das espécies de Clinostomum (Trematoda),
de aves procedentes del estado de Nuevo Leon, Mexico.
Anales del Instituto de Biologia 18: 489-498, 1947.

Bush AO, Lafferty KD, Lotz JM, Shostak AW. Parasitology
meets ecology on its terms: Margolis et al. revisited. J
Parasitol, 83(4): 575-583, 1997;.
http://doi.org/10.2307/3284227

Caballero EC, Diaz-Ungria C. Intento de un catdlogo de los
trematodos digéneos registrados en territorio venezolano.
Mem Soc Ci Nat La Salle, 18:19-36, 1958.

Caffara M, Bruni G, Paoletti C, Gustinelli A, Fioravanti ML.
Metacercariae of Clinostomum complanatum (Trematoda:
Digenea) in European newts Triturus carnifex and
Lissotriton  vulgaris (Caudata: Salamandridae). J
Helminthol, 88(3): 278-85, 2014.
http://doi.org/10.1017/S0022149X13000151.

Caffara M, Locke SA, Gustinelli A, Marcogliese DIJ,
Fioravanti ML. Morphological and molecular
differentiation of Clinostomum complanatum and
Clinostomum marginatum (Digenea: Clinostomidae)

Archives of Veterinary Science
https://revistas.ufpr.br/veterinary


http://dx.doi.org/10.5380/avs.v30i1.97220

ARTICLES

UFPR

M Archives of Veterinary Science

metacercariae and adults. J Parasitol, 97: 884-891, 2011.
http://doi.org/10.1645/GE-2781.1

Chung DI, Kong HH., Joo CY. Radix auricularia coreana:
natural snail host of Clinostomum complanatum in Korea.
Korean J Parasitol, 36(1): 1-6, 1998.
http://doi.org/10.3347/kjp.1998.36.1.1.

Dias ML, Eiras JC, Machado MH, Souza GT, Pavanelli GC.
The life cycle of Clinostomum complanatum Rudolphi,
1814 (Digenea, Clinostomidae) on the floodplain of the
high Parana River, Brazil. Parasitol Res, 89: 506-508,
2003. http://doi.org/10.1007/s00436-002-0796-z

Dias ML, Santos MJ, Rangel E, Souza GT, Machado MH,
Pavanelli GC. Scanning electron microscopy of
IthyoClinostomum dimorphum (Trematoda:
Clinostomidae), a parasite of Ardea cocoi (Aves:
Ardeidae). Parasitol Res, 90(5): 355-358, 2003.
http://doi.org/10.1007/s00436-003-0862-1

Dzikowski R, Levy MG, Poore MF, Flowers JR, Paperna 1.
Clinostomum complanatum and Clinostomum
marginatum (Rudolphi, 1819) (Digenea: Clinostomidae)
are separate species based on differences in ribosomal
DNA. J  Parasitol, 90(2): 413-414, 2004.
http://doi.org/10.1645/GE-159R

Feizullaev NA, Mirzoeva SS. Revision of the superfamily
Clinostomoidea and analysis of its system. Parazitol,
17(1): 3-11, 1983.

Hayes FE, Nakamura LH, Hiss NB, Capllonch P. Seasonal
Distribution of the Cocoi Heron (4rdea cocoi) and Great
Egret (Ardea alba) in Southern South America: Evidence
for Partial Migration. J Heron Biol and Conserv, 8:4,
2023.

Kanev I, Radev V, Fried, B. Family Clinostomidae Luhe,
1901. In: Gibson DI, Jones A, Bray RA. (Eds), Keys to
the Trematoda, Vol. 1. Wallingford, UK: CAB
International, 1:113-120, 2002.

Kinsella JM, Spalding MG, Forrester DJ. Parasitic helminths
of the American white pelican, Pelecanus
erythrorhynchos from Florida, U.S.A. Comp Parasitol,
71:29-36, 2004. http://doi.org/10.1654/4092

Locke SA, Caffara M, Marcogliese DJ, Fioravanti ML. A
large-scale molecular survey of Clinostomum (Digenea,
Clinostomidae). Zool Scripta, 44(2): 203-217, 2015.
http://doi.org/10.1111/zsc.12096.

Lorenzon RE, Ronchi Virgolini A. Beltzer AH. Ecologia
trofica de la Garza blanca Ardea alba (Pelecaniformes:
Ardeidae) en un humedal del rio Parana, Argentina.
UNED Res J, 5(1): 121-127, 2012.

Lunaschi LI, Drago FB. Digenean parasites of six species of
birds from Formosa Province, Argentina. Rev Mexicana
de Biodversidad, 80(1): 39-46, 2009. ISSN 2007-8706

Matthews D, Cribb TH. Digenetic trematodes of the genus
Clinostomum Leidy, 1856 (Digenea: Clinostomidae) from
birds of Queensland, Australia, including C. wilsoni n. sp.
from Egretta intermedia. Syst Parasitol, 39: 199-208,
1998. http://doi.org/10.1023/A:1005982530560.

http://dx.doi.org/10.5380/avs.v30i1.97220

https://www.ufpr.br/

Monnens M, Halajian A, Littlewood DT, Briscoe AG, Artois
T, Vanhove MP. Can avian flyways reflect dispersal
barriers of clinostomid parasites? First evidence from the
mitogenome of Clinostomum complanatum. Gene 30;
851:146952, 2023. http://doi.org/
10.1016/j.gene.2022.146952

Montoya-Mendoza J, Chavez-Lopez R, Franco-Lopez J.
Helminths from  Dormitator maculatus  (Pisces:
Eleotridae) in Alvarado Lagoon, Veracruz, Mexico, and
Supplemental Data for Clinostomum complanatum
Rudolphi, 1814 from Egretta caerulea (Aves: Ardeidae).
Gulf Caribb  Res, 1(16):  115-127,  2004.
http://doi.org/10.18785/gcr.1601.19

Mutengu C, Mhlanga W. Occurrence of Clinostomum
Metacercariae in  Oreochromis mossambicus from
Mashoko Dam, Masvingo Province, Zimbabwe.
Scientifica, 7:1-6, 2018.
http://doi.org/10.1155/2018/9565049.

Nguyen J, Woodyard E, McAllister C, Marcquenski S, Rose
D, Slifka C, Robison L, Griffin M, Rosser T.
Morphological and molecular data establishes
Clinostomum  dolichorchum  n. sp. (Digenea:
Clinostomidae) in the great blue heron Ardea herodias L.
and American bullfrog Rana catesbeiana Shaw. Syst
Parasitol, 101(4):42, 2024.
http://doi.org/10.1007/s11230-024-10166-z

Oliveira M, Camargo B, Cunha M, Saidenberg A, Teixeira R,
Matajira C, Moreno L, Gomes V, Christ A, Barbosa M,
Sato M, Moreno A, Kndbl T. Free-Ranging Synanthropic
Birds (Ardea alba and Columba livia domestica) as
Carriers of Salmonella spp. and Diarrheagenic
Escherichia coli in the Vicinity of an Urban Zoo. Vector
Borne  Zoonotic  Dis,  18(1):  65-69, 2018.
http://doi.org/10.1089/vbz.2017.2174

Overstreet RM, Curran SS. Defeating diplostomoid dangers
in USA catfish aquaculture. Folia Parasitol, 51: 153-165,
2004. http://doi.org/10.14411/fp.2004.019

Oztirk M, Umur S. Molecular and Morphological
Characterization of Two Clinostomum (Digenea:
Clinostomidae)  Species with the First Case
of Clinostomum tilapiae from Turkey. Acta
Parasit, 70(18): 3-9, 2025.
https://doi.org/10.1007/s11686-024-00955-3

Park CW, Kim JS, Joo HS, Kim J. A human case of
Clinostomum complanatum infection in Korea. Korean J
Parasitol, 47(4): 401-4, 2009.
http://doi.org/10.3347/kjp.2009.47.4.401.

Pérez-Ponce de Ledn, Garcia-Prieto GL, Mendoza-Garfias B.
Trematode parasites (Platyhelminthes) of wildlife
vertebrates in Mexico. Zootaxa 1534:1-250, 2007.
http://doi.org/10.11646/zootaxa.1534.1.1

Pérez-Vigueras 1. Contribucion al conocimiento de la fauna
helmintolégica cubana. Mem Soc Cubana de Historia
Natural 22:21-71, 1955.

Archives of Veterinary Science
https://revistas.ufpr.br/veterinary


http://dx.doi.org/10.5380/avs.v30i1.97220

ARTICLES

UFPR

M Archives of Veterinary Science

Pinto HA, Mati VL, Melo AL. New records and a checklist
of trematodeos from Butorides striata (Aves: Ardeidae).
Revista Mexicana de Biodiversidad 84: 1100-1110, 2013.
http://doi.org/10.7550/rmb.34431

Pinto RM, Barros LA, Tortelly L, Teixeira RF, Gomes DC.
Prevalence and pathology of helminths of ciconiiform
birds from the Brazilian swamplands. J Helminthol, 78:
259-264, 2004. http://doi.org/10.1079/joh2004243

Price EW. A redescription of Clinostomum intermedialis
Lamont (Trematoda: Clinostomidae) with a key to the
species of the genus. Proc Helminthol Soc Wash, 5: 11—
13, 1938.

Ramos-Ramos P. Algunos trematodos de vertebrados de la
presa Miguel Aleman en Temascal, Oaxaca, Mexico.
Anales del Institute de Biologia, Universidad Nacional
Autonoma de Mexico, Serie Zoologia 66:241-246, 1995.

Rosser TG, Alberson NR, Woodyard ET, Cunningham FL,
Pote LM, Griffin MJ. Clinostomum album n. sp. and
Clinostomum marginatum (Rudolphi, 1819), parasites of
the great egret Ardea alba L. from Mississippi. USA. Syst
Parasitol, 94(1): 35-49, 2017.
http://doi.org/10.1007/s11230-016-9686-0.

Rosser TG, Baumgartner WA, Alberson NR, Noto TW,
Woodyard ET, Tommy King D, Wise DJ, Griffin MJ.
Clinostomum poteae 1. sp. (Digenea: Clinostomidae), in
the trachea of a double-crested cormorant Phalacrocorax
auritus Lesson, 1831 and molecular data linking the life-
cycle stages of Clinostomum album Rosser, Alberson,
Woodyard, Cunningham, Pote & Griffin, 2017 in
Mississippi, USA. Syst Parasitol, 95(6):543-566, 2018.
http://doi.org/10.1007/s11230-018-9801-5

Rosser TG, Baumgartner WA, Alberson NR, Woodyard ET,
Reichley SR, Wise DIJ. Austrodiplostomum sp.,
Bolbophorus  sp. (Digenea: Diplostomidae), and
Clinostomum marginatum (Digenea: Clinostomidae)
metacercariae in inland silverside Menidia beryllina from
catfish aquaculture ponds, with notes on the infectivity of
Austrodiplostomum sp. cercariae in channel -catfish
Ictalurus punctatus. Parasitol Res, 115(11): 4365-4378,
2016. http://10.1007/s00436-016-5222-z

Salgado RL. Avaliagdo parasitologica do pescado fresco
comercializado no sudeste do Para. Pubvet, 5: 992-998,
2011.
https://pdfs.semanticscholar.org/9b4b/37baeee821de326
041d389bed0e7c1b39b4.pdf

Sepulveda MS, Spalding MG, Kinsella JM, Forrester DJ.
Parasites of the great egret (Ardea albus) in Florida and a
review of the helminthes reported for the species. J
Helminthol Soc Wash, 66: 7-13, 1999.

Sereno-Uribe AL, Garcia-Varela M, Pinacho-Pinacho CD,
Pérez-Ponce De Ledén G. Three new species of
Clinostomum Leidy, 1856 (Trematoda) from Middle
American fish-eating birds. Parasitol Res, 117(7):2171-
2185, 2018. http://doi.org/10.1007/s00436-018-5905-8

http://dx.doi.org/10.5380/avs.v30i1.97220

https://www.ufpr.br/

Sereno-Uribe AL, Lopez Jiménez AA, Ortega-Olivares MP,
Andrade-Gomez L, Gonzalez Garcia MT, Garcia Varela
M. Vislumbrando la diversidad de clinostomidos
(Platyhelminthes: Digenea), parasitos asociados a peces 'y
aves acuaticas en México y Centroamérica mediante
informacion obtenida de la biologia molecular. Cienc
Nicolaita, (86), 2022. http://doi.org/10.35830/cn.vi86.661

Sereno-Uribe AL, Pinacho-Pinacho CD, Garcia-Varela M,
Leén G.P. Using mitochondrial and ribosomal DNA
sequences to test the taxonomic validity of Clinostomum
complanatum Rudolphi, 1814 in fish-eating birds and
freshwater fishes in Mexico, with the description of a new
species.  Parasitol Res,  112:2855-2870, 2013.
http://doi.org/10.1007/s00436-013-3457-5.

Shamsi S, Halajian A, Tavakol S, Mortazavi P, Boulton J.
Pathogenicity of Clinostomum complanatum (Digenea:
Clinostomidae) in piscivorous birds. Res Vet Sci,
95(2):537-9, 2013.
http://doi.org/10.1016/j.rvsc.2013.06.018.

Shirai R, Matsubara K, Ohnishi T, Nishiyama H, Miyamoto
J, Watanabe A, Harada R, Kadota J, Kohno S. A case of
human infection with Clinostomum sp. Kansenshogaku
Zasshi, 72: 1242-1245, 1998.

Smith JW. Superfamily Schistosomatoidea Stiles e Hassall,
1898. In Gibson DI, Jones A, Bray RA. Keys to
Trematoda. Wallingford: Cabi Publishing, 2002.

Sutili FJ, Gressler TL, Pelegrini LV. Clinostomum
complanatum (Trematoda, Digenea): a parasite of birds
and fishes with zoonotic potential in southern Brazil. A
Review. Rev Bras Higiene e Sanidade Animal, 8(1):99-
114,2014.

Travassos L, Teixeira JF, Kohn A. Trematdédeos do Brasil.
Mem Inst Oswaldo Cruz 67: 1-886, 1969.

Travassos L. Contribuigdes para o conhecimento da fauna
helminthologica  brasileira ~ XX: Revisdo dos
Acanthocephalos brasileiros. Mem Inst Oswaldo Cruz,
19: 31-35, 1926.

Ukoli FM. On Clinostomum tilapiae n. sp., and Clinostomum.
phalacrocoracis Dubois, 1931 from Ghana, and a
discussion of the systematics of the genus Clinostomum
Leidy, 1856. J Helminthol, 40:187-214, 1966.

Vicente JJ, Rodrigues HO, Gomes DC, Pinto RM.
Nematoides do Brasil. Nematdides de aves. Rev Bras
Zool, 12:1-273, 1995.

Violante-Gonzalez J, Monks S, Gil-Guerrero S, Rojas-
Herrera AA, Flores-Rodriguez P. Helminth communities
of two species of piscivorous birds, Ardea alba (Linnaeus)
and Nyctanassa violacea (Gmelin) (Ciconiiformes:
Ardeidae), in two coastal lagoons from Guerrero state,
Mexico. Parasitol Res 111, 309-315, 2012. http://doi.org/
10.1007/s00436-012-2840-y

Wernerk MR, Bacco-Mannina N, Santos-Costa PC. Botaurus
pinnatus (Wager, 1829) (Ave: Ardeidae) in Brazil as a new
host of Clinostomum heluans Braun 1901 (Digenea:

10

Archives of Veterinary Science
https://revistas.ufpr.br/veterinary


http://dx.doi.org/10.5380/avs.v30i1.97220

ARTICLES TEEE-A -
UFPR
M Archives of Veterinary Science https://www.ufpr.br/

Clinostomidae). Helminthologia 54(3): 270-274, 2017.
http://doi.org/10.1515/helm-2017-0023

Yamaguti S. Synopsis of digenetic trematodes of vertebrates,
vols. 1 and 2. Keigaku, Tokyo, Japan, 1971.

http://dx.doi.org/10.5380/avs.v30i1.97220 11
@ @ Archives of Veterinary Science
e ] https://revistas.ufpr.br/veterinary


http://dx.doi.org/10.5380/avs.v30i1.97220

	Buccal infection and morphological identification of Clinostomum spp. in Ardea alba egretta (Linneus, 1758) from the Belém area, Pará, Brazil
	Karina Ferreira Silveira1, Elaine Lopes de Carvalho2, David Fernandez Conga3, Elane Guerreiro Giese4, Washington Luiz Assunção Pereira5*
	1Laboratório de Patologia Animal, Instituto da Saúde e Produção Animal (ISPA), Universidade Federal Rural da Amazônia (UFRA). Caixa postal, 917. CEP 66.077-530.  Belém-Pará – Brazil, http://orcid.org/0009-0003-3283-1554
	2Pós-doutoranda em Parasitologia Animal no Conselho Nacional de Desenvolvimento Científico e Tecnológico – CNPq. http://orcid.org/0000-0003-4177-9498
	3Grupo de Medicina da Conservação e Saúde Única, Instituto de Desenvolvimento Sustentável Mamirauá (IDSM). Estrada do Bexiga, 2584. CEP: 69553-225. Tefé, Amazonas – Brazil. https://orcid.org/0000-0003-2891-6531
	4Laboratório de Histologia e Embriologia Animal, Instituto da Saúde e Produção Animal, Universidade Federal Rural da Amazônia (UFRA), Caixa postal, 917. CEP 66.077-530.  Belém-Pará – Brazil. https://orcid.org/0000-0001-7833-1334
	5Laboratório de Patologia Animal, Instituto da Saúde e Produção Animal (ISPA), Universidade Federal Rural da Amazônia (UFRA). Caixa postal, 917. CEP 66.077-530.  Belém-Pará – Brazil. http://orcid.org/0000-0001-7140-8124
	Author for Correspondence: Washington Luiz Assunção Pereira – wkarton@terra.com.br
	1. Introduction
	2. Materials e Methods
	2.1. Authorization for research
	2.2. Host collection
	2.3. Necropsy and microscopic analysis
	2.4. Statistical analysis
	2.5. Checklist method
	2.6. Map

	3. Results
	3.1. Clinostomum infection
	3.2. Morphological analysis
	3.3. Morphometric analysis

	4. Discussion
	5. Conclusion
	6. References



	Submitted: 11/10/2024
	Accepted: 22/02/2025

