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Abstract : An intestinal strigeiid trematode, Apharyngostrigea pipientis, was detected from Ardea cinerea jouyi, Egretta
intermedia and Nycticorax nycticorax between July, 2006 and June, 2020 in Daejeon metropolitan city and Kangwon-
do, Republic of Korea. It was observed with a light and scanning electron microscope (SEM), and molecularly analyzed
with 18S rRNA genes. The infection rate of the strigeiid trematode was 25.9% (7/27). The body is cylindrical in whole
mount, greatly elongated in outline and shows a strong dorsal curvature. The overall measurements are: length 4.1-
4.8 mm; fore-body 1.00-1.20 mm by 0.8-0.9 mm; hind-body 3.2-3.6 mm by 0.43-0.46 mm. The body is covered by
a relatively thick cuticle, devoid of spines. The oral sucker leads into a short esophagus that is devoid of a muscular
pharynx. The holdfast organ is enormously developed. The vitelline follicles distributed dorsal wall of fore-body and
hind-body. This strigeiid trematode especially differs from other species of genus Apharyngostrigea in morphology.
Although these A. pipientis are several morphological distinctions from Apharyngostrigea cornu, the partial sequence
of 18S rRNA showed the sequence homology of A. pipientis (99.9%) and A. cornu (99.8%), and this result revealed
their conspecific relationship between A. cornu and A. pipientis. This is the first report of A. pipientis in the Republic
of Korea.
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Introduction

Trematodes of the family Strigeidae Railliet, 1919 are mainly

parasites of birds (19). Niewiadomska (20) grouped the 13

genera belonging to this family into subfamilies according to

host specificity; those genera included in Strigeinae Railliet,

1919 are parasites of birds and one, included in Duboisielli-

nae Baer, 1938 is reported in mammals. The genus Apharyn-

gostrigea is most conspicuously characterized with the

absence of pharynx. Up to present more than 20 apharyngeal

strigeiid species have been described by various authors.

Some of those species, however, have been considered to

synonymic to the others (15). The most of them are parasite

in the intestine of birds belonging to the family Ardeidae

(26). In the Republic of Korea, Apharyngostrigea ibis was

firstly reported in grey heron (Ardea cinerea jouyi) and black-

crowned night heron (Nycticorax nycticorax) (16).

In the present study, the infections of Apharyngostrigea

pipientis in three wild birds of the family Ardeidae, namely,

grey heron, black-crowned night heron and intermediate

egret (Egretta intermedia) from the Republic of Korea are

described, and the morphological and molecular characteris-

tics of the strigeiid trematode are presented in detail.

Materials and Method

A total of 27 birds (7 grey heron, 10 black-crowned night

heron, 10 intermediate egret) were dissected between July,

2006 and June, 2020 in Daejeon and Kangwon-do, Republic

of Korea and strigeiid trematode worms from two grey her-

ons, two black-crowned night heron and three intermediate

egrets were detected in the small intestine. The worms were

tentatively identified under the light microscopy, and then the

worms were precisely classified by scanning electron micros-

copy (SEM). For the finding of internal organs, the worms

were placed in the lacto-phenol solution (glycerin 20 ml, lac-

tic acid 10 ml, phenol 10 ml, D.W. 10 ml) for 24 hrs. Also,

the worms were fixed with neutral buffered formalin, seri-
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ally paraffin sectioned, and H-E stained. For SEM, the para-

sites were washed 5 times with 0.2 M cacodylate buffer (pH

7.3) and fixed in 2.5% glutaraldehyde, post fixed in 1%

osmium tetroxide at 4oC. The specimens were dehydrated in

a graded ethyl alcohol series, dried by CO2 critical point

dryer (CPD 030, BAL-TEC, Los Angeles, California, USA),

coated osmium and examined by SEM (XL30 ESEM TMP,

Philips, Praha, Czech Republic) at 10-15 kV.

For sequencing analysis, genomic DNA was extracted

from the parasite by using a DNeasy® Blood and tissue kit

(Qiagen, Alameda, CA) according to manufacturer’s instruc-

tions. Using 18S ribosomal RNA gene sequences of A. pipi-

entis (AY245757), primers were designed using the online

tool Primer3 Input. The oligonucleotide sequences of prim-

ers employed to detect A. pipientis 18S rRNA gene (DNA),

were 5'-CTGAGAAACGGCTACCACAT-3' (left primer) and

5'-CGCTCAACCAACACCAATC-3' (right primer). The

primer set were designed around 1,424 bp product, variable

for all sequences aligned. Under standard condition such as

95oC for 30 sec, annealing at 55oC for 30 sec, and extension

at 72oC for 1 min 30 sec, Polymerase Chain Reaction (PCR)

reaction was performed in MyCycler Personal Thermal

Cycler (Bio-Rad Laboratories, Hercules, CA) using Emeral-

dAmp GT PCR Master Mix (Takara, Shiga, Japan) with 1 l

DNA aliquot. The PCR products were next visualized via

electrophoresis on 1.2% agarose gel, and then purified using

QIAquick PCR purification kit (Qiagen, Alameda, CA). PCR

amplicons were directly sequenced using ABI Prism Big Dye

terminator v. 3.0 ready reaction cycle sequencing kits

(Applied Biosystems) with the same primers as those used in

PCR. After trimming of nonspecific sequencing data, the

sequence was revealed around 947 bp. Furthermore, the

sequence data were aligned by Clustal Omega program

(clustal O 1.2.1). Phylogenetic tree based on sequence analy-

sis were conducted by neighbor-joining using blast tree.

Neighbor-joining (NJ) methods were based on a guide tree as

pair wise and multiple alignment parameters (17).

Results

A strigeiid trematodes were detected in the intestine of two

grey herons, two black-crowned night heron and three inter-

mediate egrets. The infection rate of the strigeiid trematode

was 25.9% (7/27). The authors gave the advanced dimen-

sions of the strigeiid trematode found by this study.

Apharyngostrigea pipientis Faust, 1918

Description

The body is cylindrical in whole mount, greatly elongated

in outline and shows a strong dorsal curvature (Figs 1A, 1B,

4A, 4B). The mature worms measure 4.1-4.8 mm in total

length. The body is divided into an anterior cup-shaped fore-

body and a posterior cylindrical hind-body. The fore-body

measures 1.0-1.2 mm in length and 0.8-0.9 mm in diameter,

contains the oral sucker, acetabulum, and holdfast organ. The

hind-body measures 3.2-3.6 mm in length and 0.43-0.46 mm

in diameter. The reproductive organs, the excretory system

and the intestinal crura are located in the hind-body. The

fore-body is much thicker than the posterior one and is formed

as a somewhat cup shape (Figs 1A, 1B, 2A).

The body is covered by a relatively thick cuticle, devoid of

spines (Figs 3A, 3B, 4A, 4B). The dorsal curvature, which is

Fig 1. Light microscopic views of the transparent Apharyngostrigea pipientis. (A) Ventral view of whole worm. Note the distribution

of vitellaria. (B) Fore-body. (C) The middle potion. Eggs (circle). Egg has an operculum (square). (D) Posterior end. Copulatory bursa

(circle). V; vitellaria, P; proteolytic gland.
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Fig 2. Ventral views of Semochon’s aceto-carmine stained whole worm. (A) Fore-body. Note the oral and ventral suckers. (B) Anterior

end of fore-body. Note the absence of pharynx in circle. (C) Proteolytic gland (circle). (D) Eggs (circle). OS; oral sucker, P; proteolytic

gland, V; vitellaria, VS; ventral sucker.

Fig 3. Light microscopic views of latero-longitudinal sectioned Apharyngostrigea pipientis. H-E stained. (A) Fore-body. The proteo-

lytic gland (circle). (B) Anterior portion of hind-body. There is somewhat long distance between ovary and of proteolytic gland. Note

the position of proteolytic gland (square). (C) Posterior end. Genital organs are situated in the 2/3 position of hind-body. (D) Fore-

body. Note the absent pharynx in circle. The situation of vitallaria (arrow) in fore-body. (E) The proteolytic gland (square) and eggs

(circle). (F) Genital organs. Ovary, seminal vesicle (square), testes, york reservoir (circle). (G) Eggs (arrows) in uterus and ovary.

Uterus runs dorsally. (H) Testes, eggs (arrows) and york reservoir (circle). York reservoir situated between testes. (I) Posterior end.

Copulatory bursa (circle). Vitellaria situated in the posterior end. AT; anterior testis, BF; broad body fold. HF; holdfast organ, O; ovary,

OS; oral sucker, P; proteolytic gland, PT; posterior testis, V; vitellaria, VS; ventral sucker.
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marked, is due to a slight contraction of the very well devel-

oped muscle layer (Fig 3A, 3B) which begins anteriorly just

behind the oral sucker as a double band and passes into the

hind-body. At the level of the holdfast organ, two bands of

muscles become fused into a solid band and this continues

into the hind-body. At the level of the reproductive organs,

the band of muscles becomes dispersed into thin strands and

a marginal layer that continues to the posterior end of the

hind-body.

The oral sucker, 104-132 m in diameter, is subterminal,

being located inside of the fore-body (Figs 2A, 2B, 3A, 3D,

4C, 4D). It leads into a short esophagus devoid of a muscu-

lar pharynx (Fig 2B).

The ventral sucker, 185 m in length and 214 m in diam-

eter, is located behind the caudal boundary of the oral sucker.

In whole mounts, the ventral sucker difficult to be recog-

nized since it is covered by the ventral wall of the anterior

segment, the lateral lobes of the holdfast organ and is usu-

ally withdrawn into a deep groove within the dorsal wall of

the cavity of the fore-body. The ventral sucker in the sec-

tioned and stained sample is seen to be definitely stalked

within a groove-like receptacle (Figs 2A, 2B, 3A, 3D).

The holdfast organ is enormously developed. And it is

made up of three well developed lobes (one dorsal and two

lateral lobes) (Fig 4C, 4D). It is especially different from

other species of genus Apharyngostrigea. The lobes develop

from the base-like mass of tissue forming most of the body

wall in the posterior limits of the cavity of the fore-body.

From this mass, the dorsal lobe emerges by an outgrowth

into the cavity of the fore-body (Fig 3A). Where the lobe

becomes detached from the wall two conspicuous folds

remain attached to the wall for a short distance and they

assist in forming the groove into which the ventral sucker

can be withdrawn. At the level of the ventral sucker, the lobe

loses its connection with the body wall and becomes a very

much narrowed wedge of tissue. At the anterior to the ven-

tral sucker, the lobe expands again into a thin, flat, tongue-

like mass of tissue and this frequently protrudes from the

cavity of the fore-body (Figs 3A, 3D, 4D). The lateral lobes

originates from the caudal margin of the base-like mass as a

broad body fold and follows the ventral wall of the fore-body

segment to the anterior end. These lobes become so folded as

to produce a C-like tube and the lateral margins of the lobe

enclose the dorsal lobe within its cavity. The lateral lobes fre-

quently protrude a short distance from the cavity of the ante-

rior segment (Fig 4C). Both lobes of the holdfast organ

contain follicles of the vitellaria (Figs 2A, 3D). The dorsal

lobe is free of vitellaria anterior to the ventral sucker but the

lateral lobes are crowded with these glands to its anterior

boundary.

At the base of the holdfast organ, a large proteolytic gland

is located (Figs 1B, 2A, 2C, 3A, 3B, 3E). The gland consists

of about 9 large, compact lobes which appear as clusters of

deeply staining masses of cells surrounding a central vascu-

Fig 4. Scanning electron microscopic views of Apharyngostrigea pipientis. (A) Lateral view. (B) Ventral view. (C, D) Anterior end.

Note the oral sucker, lateral holdfast organs and dorsal holdfast organs. (E) Posterior end. Excretory pore (circle) situated at the dorsal

potion of posterior end. (F) Posterior end. Genital cone. BF; broad body fold, DHF; dorsal holdfast organs, GC; genital cone, LHF;

lateral holdfast organs, OS; oral sucker, VS; ventral sucker.



246 Hyeon-Cheol Kim et al.

lar-like area (Fig 3E). The entire mass may measure as much

as 353 × 177 m. The posterior segment of the body is cylin-

drical and strongly curved dorsally. All reproductive system

is located within the hind-body (Fig 3C, 3F-H).

The female reproductive system

The transversely ovoid ovary, 260 m length by 96 m

width, lies in the middle of the posterior to the proteolytic

gland (Fig 3B, 3C, 3F, 3G). Yolk reservoir is situated

between testes (Fig 3F, 3H). The Mehlis’s gland is a conspic-

uous mass of cells surrounding the ootype and proximal end

of the uterus, and fills in most of the space between the testes.

The uterus, in the front of the ovary, bends ventrally and

ascends anteriorly over the ventral surface of the anterior tes-

tis (Fig 3G). In the region of the ovary, the uterus becomes

convoluted as it passes forward around the ovary and up to

the anterior end of the hind-body and swings across the body

to the opposite side in ascending. The uterus, in the region of

the genital pore, makes a conspicuous, right angle bend,

becomes dilated somewhat and then opens into the bursa. The

ova are fairly numerous within the uterus. They measure

about 92 m length by 62 m width (Figs 1C, 3E, 3F, 3H).

The vitellaria are follicular and distribute throughout most

of the body (Fig 1A-D). In the fore-body, the vitelline glands

occupy most of the area of holdfast organ, the dorsal wall of

the fore-body and the ventral wall of that segment (Fig 1B).

They reach from the level of the oral sucker to the caudal

boundary of the fore-body. The glands in the hind-body form

a dense, ventral mass, which stretching across the body from

its beginning to the ovary. They end just posterior to the ends

of the ceca in the area of the bursa (Fig 1A, 1D). Genital

cone is situated within the bursa and genital pore lies open in

the genital cone (Fig 4F).

The male reproductive system

Two large testes, one in front of the other, are located

directly posterior to the ovary (Fig 3C, 3F, 3H). They are

irregular in shape and appear to be bi-concave structures (Fig

3H). They measure about 130 m length by 260 m width

for the anterior testis and about 174 m length by 243 m

width for the posterior one. The anterior testis is separated

from the ovary by the seminal vesicle (Fig 3F). Each testis

gives rise to a vas efferens from its antero-ventral surface,

one on either side of the midline (Fig 3H) and it passes for-

ward, ventrally to the testicular bodies. The yolk reservoir

fills the space between the testes (Fig 3H).

In most whole mounts appears the copulatory bursa to be

terminal although in sections it is seen to be slightly dorsal in

position. The bursa is well developed and is eversible (Figs

3I, 4E, 4F). A wide slit-like excretory pore communicates the

bursa to the outside (Fig 4E). The bursa is internally lined

with cuticle and is surrounded by the well-developed mus-

cles (Fig 3I).

Molecular characteristics and phylogenetic position

The genotype and phylogenetic relationship with other

Apharyngostrigea species was determined using molecular

characterization of the 18S rRNA gene. The sequencing infor-

mation was registered into GenBank and received the acces-

sion number (MT835237.1) for Apharyngostrigea specimens.

As a PCR amplicon, partial sequences (1,428 bp) of the

Apharyngostrigea specimens contained 1 variable site com-

pared to A. pipientis (AY245757.1), 20 variable sites com-

pared to Apharyngostrigea cornu (AY245756.1). However, the

partial sequence also all matched with A. cornu (AY222092.1).

Although the sequence of Apharyngostrigea specimens was

match with one sequence of A. cornu, the sequece of A.

cornu was not clear. Based on morphological analysis, we

expected that this specimens is close to the clades of A. pipi-

entis. The sequence of Apharyngostrigea specimens was

compared with several genes, and the sequence data was

inferred using the Neighbor-Joining method (Fig 5).

Discussion

The family Strigeidae embraces a distinct group species of

Fig 5. Phylogenetic tree (Neighbor Joining) based on sequence analysis.
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a characteristic cup-shaped fore-body and a holdfast organ in

the form of two lobes (6,20). The genus Apharyngostrigea is

distinguished from other members of the family Strigeidae,

mainly by the absence of pharynx and the presence of vitel-

line follicles in the fore- and hind-body. The body of the

adult worm may be divided into an anterior flattened, spoon-

shaped portion and a posterior section shaped like a cylinder

(5,8,22,26). The pharynx is present in the cercarial stage, but

this organ lost during development to the tetracotyle stage

(24). In this specimens, the cylinderical body was divided

into two portion, and the oral sucker leads into a short esoph-

agus devoid of a muscular pharynx. The holdfast organ is

also enormously developed. And, it is made up of three well

developed lobes (one dorsal and two lateral lobes) (16). The

strigeiid trematode of this study agreed with those morphology.

The cercariae of A. pipientis develop in daughter sporo-

cysts in the pulmonate snail, Planorbula armigera. They

penetrate into the coelom of the tadpoles of Rana and Hyia

species, and develop into a special kind of metacercaria

called a tetracotyle (2,9,12). This metacercaria is Tetracotyle

pipientis. The pharynx is lost during the metamorphosis of

the metacercariae (21). The matacercariae of this species

have been recorded in Pseudacris triseriata from Canada

(11), Rana pipiens and Planorbula armigera from USA

(10,21). Faust (7) first described A. pipientis (Trematoda:

Strigeata, Strigeidae) from metacercariae encysted in leopard

frog, R. pipiens. Oliver (21) established experimental infec-

tions in domestic pigeons, and Lumsden & Zischke (18)

reported that two of three Louisiana herons, Hydranassa tri-

color, from the Bonnet Carte Spillway, Louisiana, were heav-

ily infected with strigeid trematodes closely resembling A.

pipientis. The species of the genus Apharyngostrigea are

common found in the piscivorous birds; Ardea arteria cine-

ria, A. c. jouyi, Ardea herodias, Botauruslentiginosus lengtig-

inosus, Casmerodius albus egretta, Ciconia ciconia, Egretta

alba, Egretta garzetta, E. intermedia, N. nycticorax, Nyctico-

rax nycticorax hoactili and Bubulcus ibis from Europe, India,

Korea, Cuba, Mexico, Siberia and U.S.A. (4,5,14,16,23,28).

In the Republic of Korea, A. ibis was reported from N. nycti-

corax and A. cinerea jouyi (16). In this study, the strigeiids

were also found in the digestive tract of three wild birds (A.

cinerea jouyi, E. intermedia, and N. nycticorax).

The length of present specimens (4.1-4.8 mm) are similar

with A. pipientis (Faust, 1918) Olivier, 1939 (4.744 mm) and

Apharyngostrigea multiovata (Pérez Vigueras, 1944) (4.35

mm), but longer as compared to A. ibis Azim, 1935 (3.35

mm); Apharyngostrigea oderolalensis Khan, 2018 (2.18-2.37

mm); Apharyngostrigea bilobata Olsen, 1940 (2.8-4.0 mm);

Apharyngostrigea garciai Tubangui, 1933 (2.8-5 mm); Apha-

ryngostrigea ramai Verma, 1936 (3.27-4.14 mm); Apharyn-

gostrigea simplex (Johnston, 1904) Szidat, 1928 (3.8 mm),

and smaller than Apharyngostrigea ardeolina Vidyarthi, 1937

(5.75-5.86 mm); A. cornu (Zeder, 1800), Ciurea, 1927 (6 mm);

Apharyngostrigea serpentia Ukoli, 1967 (5.24 mm) and Apha-

ryngostrigea egretii (Verma, 1936) 7.6 mm (1,3,13,14,18,22,

23,25-28).

The posterior body shapes of A. ibis and A. garciai are

oval (1,16,26). However, that of most Apharyngostrigea spp.

is cylindrical. Those are A. ardeolina, A. brasiliana, A. cornu,

A. pipientis, A. serpentia, etc. (3,18,26,28) and this specimen.

In the proteolytic gland, the length of this specimen is

smaller as compared to A. cornu at 400 m, A. ardeolina at

500-730 × 330-410 m, and A. serpentia at 390 × 180 m. A.

ibis are measured at 191-209 × 243-254 m (av. 200 × 250).

A. simplex is smaller than other species, measuring 105-

245 × 125-280 m (3,16,26,28). This specimen are measur-

ing 353 × 177 m and similar as compared to A. pipientis at

320 × 200 m (7).

The anterior testis of present specimen is measured at

130 × 260 m and similar as compared to A. pipientis at 150-

190 × 130-140 m. It is smaller than A. ardeolina 640-890 ×

500-730 m, A. cornu 720 × 1,160 m, A. ibis 200-250 ×

300-440 m, A. simplex 120-350 (av. 210) × 160-490 m (av.

290), A. serpentia 480 × 390 m, and somewhat longer than

A. oderolalensis 150-200 × 180-200 m. The posterior testis

of present specimen is measured at 174 × 243 m and larger

than A. oderolalensis at 120-140 × 130-140 m and A. pipi-

entis at 150-200 × 130-140 m. It is smaller than A. cornu at

800 × 1,200 m, A. ardeolina at 740 × 890 m, A. ibis at

360-400 × 400-500 m, A. serpentia at 520 × 380 m and

larger than A. simplex at 120-300 (av. 210) × 180-470 m

(av. 300) (3,14,16,21,26,28).

The differential points of morphological characteristics

between A. ibis from the Republic of Korea (16) and A. pip-

ientis are summarized as follows: The former is smaller than

the latter in the body size. The fore-body of the former is

utricular to oval and that of the latter is somewhat a cup-

shaped outline. The hind-body of the former is obviously

ovoid in contrast with that of the latter which is cylindrical in

outline. The tongue-like holdfast organ with the vitellaria of

the former consist of dorsal and ventral lobes, while holdfast

organ of the latter is enormously developed and composed of

3 lobes (one dorsal and two lateral). The vitellaria of the for-

mer distributed throughout most of the body and the follicles

are concentrated in lobes of holdfast organ. The vitellaria of

the latter are also distributed throughout most of the body

and the follicles occupy most area of holdfast organ and dor-

sal wall of the fore-body, but do not observe from the ven-

tral wall of the fore-body. The dimensions of the egg of the

former is larger, 146-153 m length and 85-92 m width,

instead of being smaller 92 m length and 62 m width in

the latter.

The partial sequence of 18S rRNA in Apharyngostrigea

specimens was identified and compared to those of the para-

sites including A. pipientis (AY245757.1) and A. cornu

(AY222092.1, AY245756.1, MF398363.1, MF398362.1).

Although the genetic divergence of Apharyngostrigea speci-

mens suggests their conspecific relationship with other A.

cornu and A. pipientis, the morphological characteristics of

Apharyngostrigea specimens were separate from A. cornu.

In conclusion, the strigeiid trematode is identified as A.

pipientis. It has been known that A. pipientis is commonly

found in three wild birds, namely, A. c. jouyi, N. nycticorax

and E. intermedia from the Republic of Korea. Therefore, A.

c. jouyi, N. nycticorax and E. intermedia are a natural final

host of A. pipientis. In addition, the 18S rRNA gene sequence

of A. pipientis was submitted in GeneBank. This is the first

report of A. pipientis in the Republic of Korea.
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