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ABSTRACT: The most common trematode col-
lected from Asian open-billed storks (Anasto-
mus oscitans) was Chaunocephalus ferox (80%
prevalence). The trematode was paired in gran-
ulomas in the intestinal wall. Based on histolog-
ical examination of these capsules, there was

degeneration and necrosis of muscle cells in the
tunica muscularis. Granulation tissue with het-
erophil and lymphocyte infiltration appeared
in the granulomas. Intestinal villi were shorter
and wider in infected areas than in non-infected
areas. Some intestinal glands were dilated. Storks
with high intensity of C. ferox appeared ill. The

death of storks infected with C. ferox may result
from malnutrition due to the loss of absorptive
function of the intestine and from the effect of
granuloma formation which might interfere with
the intestinal peristalsis.

Key words: Asian open-billed stork, Anas-
tomus oscitans, Chaunocephalus ferox, echi-
nostome, granuloma, pathology, small intestine,
trematode.

Chaunocephalus ferox was first report-

ed to parasitize Asian open-billed storks

(Anastomus oscitans) by Rai (1963). The

trematode is known to infect storks (Cico-

niidae), herons (Ardeidae) and hawks (Ac-

cipitridae) (Dawes, 1956; Yanchev and

Bozhkov, 1960; Feizullaev, 1962; Rai, 1963;

Grunberg and Kutzer, 1964; Fabian et a!.,

1979). The pathology caused by C. ferox

was first described as a nodular disease by

Patnaik et al. (1970) who studied the trem-

atodes recovered from captive Asian open-

billed storks at Nandankanan zoo (India).

In those birds, lesions were found in the

post duodenal portion of the intestine. We

describe the pathology of the disease in a

wild population of Asian open-billed storks.

Seventy-one Asian open-billed storks

were collected in the breeding colony of

the Wat Phai Lom Bird Sanctuary, Sam

Kok District, Pathum Thani Province

(13#{176}55’to 14#{176}4’N,100#{176}25’to 100#{176}32’E)in

central Thailand. Sixty-seven storks were

captured with 12 m x 2.4 m mist nets

with 61 mm mesh (McClure and Kwan-

yuen, 1974). These included five adults and

62 hatch-year birds. In addition, four

hatch-year birds that had drooping heads

and were moving clumsily on the ground

were caught by hand. The hatch-year birds

were identified by their overall dark and

gray plumage, brownish head and neck

and short blunt bill without a gap between

the mandib!es. Adults were identified by

their pale smoky gray plumage, black flight

feathers and scapulars, and a gap between

the mandibles (King and Dickinson, 1975).

The storks were killed (UFAW, 1967)

and we removed their visceral organs, in-

cluding heart, lung, liver, kidneys, spleen,

and digestive tract. Total length of the small

intestine as well as the distance from the

gizzard to the area of infection were mea-

sured. Examination of the digestive tract

for parasite infection was done by dissec-

tion, and of the other organs by pressing

them between two heavy glass plates (size

230 x 50 x 5 mm) which were tightened

with screws at both ends. The parasites

recovered were counted and transferred

to a petri dish containing 0.85% NaCl for

further preparation, modified from Bur-

rows (1965), including relaxation in tap

water, fixation in alcohol-formalin-acetic

acid (AFA) solution, staining in Semichon

carmine, dehydration in a series of various

concentrations of ethanol (35%, 50%, 70%,

80%, 90% and absolute), clearing in meth-

ylsalicy!ate and mounting in caedax (Can-

ada balsam synthetic, Merck, Frankfurt,

Federal Republic of Germany).

Infected portions of intestines were fixed

in 10% buffered formalin. The selected

specimens were passed through a series of
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FIGURE 1. Cranulomatous nodular lesions con-

taining Chaunocephalus ferox on the small intestine
of an Asian open-billed stork. Finer scale is in cm.
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alcohol, xylene solution and embedded in

paraffin. Sections of 5 �m thickness were

stained with hematoxylin and eosin, Mas-

son’s trichrome stain and Mallory’s phos-

photungstic acid hematoxylin method

(PTAH) (Luna, 1976).

Specimens were deposited under acces-

sion number MUFP0001 in the Museum

of Malacology and Entomology, Faculty

of Science, Mahido! University, Bangkok

10400, Thailand.

Chaunocephalus ferox, the most com-

mon parasite, was collected from 57 (80%)

of 71 storks. The trematodes were found

in granulomatous encapsulations embed-

ded in the serosal layers of the small in-

testine. Chaunocephalus ferox was iden-

tified by its tadpole-like shape and

characteristic arrangement of 27 head co!-

lar spines, including four corner spines

grouped on each side. Two other trema-

todes were found in concurrence with C.

ferox in the intestinal lumen. One which

possessed 44 to 47 collar spines was iden-

tified as Echinoparyphium recurvatum

and the other which had 25 collar spines

was identified as E. oscitansi. Echinopa-

ryphium recurvatum always was found in

the lumen of the intestine and there was

no evidence of attachment to the mucosa,

whereas E. oscitansi were found associated

with haemorrhagic spots on the mucosa!

surface. These two Echinoparyphium sp.

never were found concurrently. The prev-

alence of these two latter species was 17%

and 4%, respectively. All three species of

trematodes are in the family Echinosto-

matidae.

The granulomas containing C. ferox

were found in the small intestine between

27 and 78 cm posterior from the gizzard.

The average distance between the gizzard

and the proximal end of the infected area

was 47.1 (SD = 9.5) cm and the average

distance between the gizzard and the distal

end was 61.9 (SD = 9.1) cm. The total

length of the intestine ranged from 142 to

308 cm (i = 209.9, SD = 30.0). The gran-

ulomas were globular in shape with sizes

varying from 2.0 to 5.2 mm in diameter

and a mean of 3.4 (SD = 0.68) mm (Fig.

1). The number of granulomatous lesions

in infected storks varied from 1 to 86 with

a mean of 14.7 (SD = 18.8). One to three

worms were found embedded in each nod-

ule lesion; most granulomas contained two.

Intensity of trematodes per stork ranged

from 2 to 180 with mean of 29.4 (SD =

37.9) and a median of 14. Every granu-

loma had a pore which opened into the

intestinal lumen. The posterior portions of

the worms protruded into the lumen and

were just visible macroscopically. The size

of the granulomatous nodules correspond-

ed to the size of the encapsulated parasites.
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TABLE 1. Infected Asian open-billed storks which

had mixed infections of three species of echinostome

trematodes with intensities of each species.

Num her of trematodes found

Chauno- Echino-

Stork cephalus paryphiuns

number ferox recurvatum E. oscitansi

17 96 - 1

27 2 - 298

37 30 - 212

53 16 500 -

54� 122 220 -

55 88 132 -

56 79 100 -

60 67 22 -

63 74 218 -

64 12 500 -

65 53 565 -

6& 126 38 -

67 50 16 -

68� 180 300 -

69 57 7 -

Storks which were seen debilitated and were easily caught

on the ground.

In 46 infected storks, the trematodes in-

side the lesion were mature with com-

pletely developed reproductive systems.

Nineteen immature trematodes were found

in 11 infected storks. They were recog-

nized by their similar number and ar-

rangement of collar spines to the mature

trematodes but with a less developed re-

productive system (small testes, small ova-

ry and uterus with no eggs).

Mixed infections occurred between C.

ferox and E. recurvatum in 12 storks and

between C. ferox and E. oscitansi in three

storks (Table 1). The four easily caught

storks were heavily infected with C. ferox.

One was infected with 124 individual C.

ferox alone. The other three storks were

infected with C. ferox in concurrence with

E. recurvatum. The intensity of infection

of these three storks was 122 C. ferox with

220 E. recurvatum, 126 C. ferox with 38

E. recurvatum, and 180 C. ferox with 300

E. recurvatum, respectively.

The soft bodies of Pila sp. snails includ-

ing the foot, hepatopancreatic gland, man-

tle, reproductive system and other body

parts were found in the esophagi and giz-

FIGURE 2. A C. ferox-containing granuloma with

an opening into the intestinal lumen of an Asian open-
billed stork. Cell infiltration in the lamina propria is

denser in the area adjacent to the Chaunocephalus

ferox than in other areas. Approximately half of the

muscle in the tunica muscularis on the inner side

where the parasite contacts the host tissue is fibrosed.
H&E stain.

zards of 52 storks. They were identified

based on observations of storks feeding on

these snails, or by shells and soft bodies

found below nests. The number of snails

found eaten by storks varied from 1 to 35

(� = 15.4, SD = 8.7). Five storks had empty

gizzards. A few soft bodies of Filoparudina

sp. snails (identified by the remaining

operculum lids in the gizzard) were found

together with Pila sp. in the gizzards of

three storks.

Based on serial sections, the parasite-

containing granulomatous nodules opened

into the intestinal lumen (Fig. 2). The lam-

ma propria adjacent to the nodule open-

ings and to the parasites was infiltrated

with plasma cells, lymphocytes, hetero-
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FIGURE 4. Infiltration of heterophils in the mus-

cularis externa of an Asian open-billed stork. The

muscles in the muscularis layer are degenerated and

necrosed. The lesion is more severe at the inner layer
in contact with Chaunocephalus ferox. H&E stain.
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FIGURE 3. Infiltration of mononuclear cells in the

lamina propria of the small intestine of an Asian open-

billed stork adjacent to the Chaunocephalus ferox.

H&E stain.

phils and some histiocytes (Fig. 2, 3).

Smooth muscles in the tunica muscularis

surrounding the parasites and forming the

lesion wall in conjunction with the serosa

became degenerative and necrotic with

heterophil infiltration (Fig. 4). Granula-

tion tissues with heterophil and lympho-

cyte infiltration (Fig. 5) and occasional gi-

ant cells and lymphoid follicles were

present in the lesion (Fig. 6). The tissue

around the nodule was hardened as the

entire wall became fibrosed and fibrous

tissues entirely replaced the smooth mus-

cles of the muscular layer despite a few

atrophic muscular fibers remaining in the

walls of some lesions (Fig. 7). Intestinal

villi adjacent to the pores of the lesion ap-

peared shorter and wider than villi in un-

infected areas. Some glands in the affected

areas were dilated and occasionally formed

cyst-like structures (Fig. 8). Desquamation

of the surface epithelium near the pores

was frequently observed.

In contrast to the development of C.

ferox within nodular lesions in the intes-

tinal wall, most other members of the fam-

ily Echinostomotidae develop in the in-

testinal lumen. However, the pairing of C.

ferox in granulomatous nodules is similar

to that of Paragonimus sp. infecting the

lungs (Schmidt and Roberts, 1981). The

nodular granu!omas and the pairing of C.

ferox may involve either cross-fertilization

or maturity acceleration as it does in some

Paragonimus sp. (Miyazaki et al., 1981).

From our observations, we believe that

the degree of pathogenicity of these echi-

nostome infections varied with the num-
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FIGURE 6. Fibrosis occurring over almost two-

thirds of the inner muscularis externa of the intestine

of an Asian open-billed stork. Infiltration of a few
heterophils and giant cells and the presence of lym-
phoid follicles are also seen in the fibrosed layer. H&E

stain.
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FIGURE 5. Cranulation tissue with fibrosis re-

placing almost the entire layer of muscularis externa

of the intestine of an Asian open-billed stork. The

remaining outer muscular fibers are heavily infil-

trated with heterophils, and a few giant cells in the
granulation tissue can be seen. H&E stain.

ber of mature worms. The four storks which

appeared debilitated were infected with

the highest number of C. ferox, of the

infected storks we examined. Mixed in-

fections of C. ferox and E. recurvatum

were found in three of the four storks.

Based on the number of trematodes found

in mixed infections (Table 1), it can be

seen that despite very high intensity of E.

recurvatum in some individuals it was only

in cases of high intensity of C. ferox that

debilitation occurred. Therefore, we be-

lieve that debilitation of these four storks

was due to the extremely heavy infection

with C. ferox rather than the concurrent

infection of both parasites. Echinoparyph-

ium recurvatum has been reported to in-

fect ducks, fowl, pigeons and man (Dawes,

1956; Yamashita, 1964), but no clinical

signs have been described. Other research-

ers have stated that C. ferox caused deep

ulcers and catarrhal enteritis and caused

death in white storks (Ciconia ciconia),

especially in young birds (Grunberg and

Kutzer, 1964; Fabian et a!., 1979). Patnaik

et al. (1970) noted that seven of ten dead

Asian open-billed storks at Nandankanan

Zoo (India) were infected with C. ferox.

They noted that storks infected with C.

ferox had signs of diarrhea, listlessness, loss

of appetite and convulsion before death.

In addition, they also suggested that the

larger adult parasites were more patho-

genic.

From gross and histopathologic evi-
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FIGURE 7. Fibrosis replacing the entire layer of FIGURE 8. An intestinal gland in an Asian open-

muscularis externa of the intestine of an Asian open- billed stork formed into a cyst-like lesion. H&E stain.

billed stork despite scant infiltration of heterophils.

H&E stain.
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dence, we postulate that, following inges-

tion of metacercaria, the parasites buried

themselves in the intestinal wall at the du-

odenal portion. A granu!oma was formed

which encapsulated the parasites, but with

a small opening into the intestinal lumen.

The inner portion of the granuloma was

formed from the tunica muscu!aris of the

small intestines in direct contact with the

parasites. Initially, the tunica muscularis

became necrotic and then was repaired by

granulation tissue and subsequent scoring

by fibrosis of the entire wall (Neafie and

Connor, 1976). We believe that the me-

chanical damage caused by the presence

of the large nodular lesions was partially

responsible for the clinical signs observed

in heavily infected birds. This probably

resulted in malnutrition following an in-

ability to absorb food. This pathogenicity

was similar to that caused by C. similiferox

(Sharma, 1980). The presence of giant cells,

lymphocytes, lymphoid follicles, plasma

cells and monocytes indicated that there

had been a long interaction between par-

asite and host with immunological involve-

ment (Bhamarapravati et a!., 1978). In ad-

dition, intestinal fibrosis also may have

affected food absorption and peristalsis.

Asian open-billed storks are known to

migrate from Thailand across Myanmar

(formerly Burma) to Bramaputra and the

Ganges delta in Bangladesh (McClure,

1974). The trematode must, therefore, be

carried between these localities in the mi-

gratory corridor. With such a high prev-

alence of infection in storks, Pila sp. snails,

the main food of this stork (Lauhachinda,

1969), should be examined for the pres-

ence of the infective stages of C. ferox.
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