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EXPERIMENTAL INFECTION OF DOMESTIC DUCKS AND RODENTS BY

NOTOCOTYLUS A TTENUA TUS (TREMATODA: NOTOCOTYLIDAE)

Thaddeus K. Graczyk and Clive J. Shiff
The Johns Hopkins University School of Hygiene and Public Health, Department of Immunology and Infectious Diseases,
615 North Wolfe Street, Baltimore, Maryland 21205, USA

ABSTRACT: In order to study transmission patterns of Notocotylus attenuatus five 3-wk-old
domestic ducks, five 8-wk-old rats and ten 4-wk-old mice were infected with the parasite. All
ducks became infected and all flukes were recovered from the intestinal ceca. Worms moved

down the length of the cecum during development and as the parasites grew they changed their
method of attachment. Flukes became gravid by day 16 post-infection, after which growth ceased.

Egg filaments appear to play a role in the formation and movement of worm egg clusters from
the distal portion of the cecum to the lumen of small intestine. Rodents also became infected with
the parasite producing granulomatous nodular lesions in the lower small intestine but all flukes in
the granulomata were dead. It is unlikely that transmission of this trematode can depend on mice
and rats.

Key words: Notocotylus a ttenuatus, experimental infection, Peking ducks, transmission.

INTRODUCTION

As migratory routes for wildfowl be-

come restricted, the role of refuges in sus-

taining these flight paths and the birds

which use them assume significant roles in

sustaining this important component of

global avifauna. Similarly, concentrations

of these migrants in the refuges improve

opportunities for interaction between po-

tential hosts and numerous parasitic spe-

cies. The potential for severe epizootics of

parasite modulated disease is increasing

and it is important to understand the haz-

ards to bird migrants which may be de-

veloping.

Notocotylus attenuatus is a trematode

inhabiting the intestinal ceca of binds,

causing pathology, severe disease and death

of waterfowl and domestic fowl (Lapage,

1961; Persson et al., 1974). Transmission

of N. attenuatus is efficient because the

parasite does not require a second inter-

mediate host, and the metacercariae re-

main viable for up to 3 mo (Graczyk and

Shiff, 1993). Severe infections of domestic

fowl may occur in the areas where they

feed in close proximity to waterfowl.

The Wildfowl Trust of North America

maintains a bird sanctuary with several

ponds near Grasonville, eastern Maryland

(USA) called Horsehead Sanctuary (38#{176}58’N,

76#{176}12’E). These ponds are located in the

established migratory pathways of water-

fowl. We have found �35 cysts/cm2 of

metacercarial cysts of N. attenuatus there.

Our objective was to determine the pattern

of development of the trematode in do-

mestic ducks and to assess its possibility of

transmission by rats and mice.

MATERIALS AND METHODS

Physa acuta (Gastropoda: Pulmonata) were

collected in Duckhead Pond at Horsehead Sanc-
tuary. Infected snails were placed in aquaria
with small pieces of polyethylene sheeting to
provide a convenient surface for encystment of
emerging cercariae (Fried, 1970). Cysts were
scraped off the polyethylene within 7 days
post-encystment and treated in 3% NaHCO, for
15 mm (Fried, 1970). Two hundred cysts were
fed to each of five 3-wk-old domestic ducklings
(Peking strain), similarly 200 cysts per animal

also were administered per os to five 8-wk-old
rats (Sprague Dawley strain), and 100 cysts per
animal were fed to ten 4-wk-old mice (CD-i,
Charles River strain). One animal of each spe-
cies was not infected and was used as the control.

Ducks and rodents were examined daily for
changes in behavior and/or physical appear-
ance. Feces were examined daily from day 10
post-infection (P1) for the presence of parasite
eggs using wet smear and Sheather’s sugar flo-

tation method (Ash and Orihel, 1987). Eggs were
counted under a dissecting microscope (25 x)
and an estimate was made of ova per gram of
feces. Animals (one per each time period) were
anesthetized lightly with ether and killed by
cervical dislocation at 3, 9, 16, 24, 35 days P1.
At necropsy, in situ, the cecum was ligated by
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surgeon’s silk thread into three segments: an-
terior, median and posterior with respect to the
cecal-intestinal junction. The first ligature was
made where the muscular layer of the cecum
became thin; the remainder of the cecum then
was ligated again at the middle of its remaining
length. The intestinal tract was rapidly removed

and outlined on tracing paper to determine the
external dimensions of the ceca. Each cecum
was weighed and opened longitudinally in 0.85%

saline (40 C) and worm recovery per segment
was noted. The contents of the cecum and large

intestine were examined for the presence of par-
asite eggs in the same manner as the feces.

Five resident mallard ducks (Anas platy-
rhynchos) from Duckhead Pond were examined
for the presence of adult N. attenuatus in the
ceca. The birds were euthanized by cervical
dislocation after being anesthetized with ether;
the intestinal tissue was partitioned in the same
manner as experimentally infected ducks.

Worms which were recovered were placed

for 30 mm in 4 ml of 0.85% saline with a drop

of saturated menthol solution added for relax-
ation (Malek, 1951). Worms then were trans-

ferred to a glass slide and a coverslip rimmed
with vaseline (Fried and Rosa-Brunet, 1991) was
placed gently on the flukes prior to fixation.

Flukes were fixed in hot (80 C) alcohol-forma-
lin-acetic acid, stained in aceto-carmine, de-
hydrated in a graded alcohol series, cleared in
toluene, and mounted in Permount (Ash and
Orihel, 1987). Measurements of body lengths
and maximum widths were made on fixed spec-
imens with a calibrated ocular micrometer. A

chi-square test and t-test (Sokal and Roh!f, 1981)
were used for group comparisons. Differences
were considered significant if P s 0.05.

Identification of fixed specimens was based
on descriptions by Skrjabin (1964), Dawes (1968)
and McDonald (1981). Voucher specimens were
deposited in the U.S. National Parasite Collec-
tion, Beltsville, Maryland, voucher No. 82601.

RESULTS

All experimental ducks became infect-

ed. All flukes recovered were from the in-

testinal ceca. Parasite intensity ranged from

43 to 60 per bird with a mean (±SE) of

52 (± 3.2) worms. Intensity of infection was

not significantly different between animals

by a chi-square test. Similarly, the differ-

ences in worm recovery between left and

right cecum as well as between total num-

ber of worms recovered from left and right

ceca were not statistically significant by a

chi-square test, P � 0.01) (Table 1).

TABLE 1. Infectivity and growth of Notocotylus at-
tenuatus in experimentally infected Peking ducks.

Numbers of

Days
post-

infec-

worms
recovered

�
Left Right Recov-

Body length
of worms’

(mm)

Midacetabular
width of

worms’ (mm)

tion cecum cecum ery Mean (SE) Mean (SE)

3 24 29 27 1.15(0.06) 0.21(0.02)

9 24 19 22 3.67(0.18) 0.93(0.05)

16 26 31 29 5.25 (0.28) 1.15 (0.07)

24 33 27 30 4.92(0.31) 1.34(0.06)

35 21 26 24 4.89(0.24) 1.47(0.08)

Based on 30 randomly selected specimens.

Ducks exhibited no sign of overt disease.

No changes in feather coat were observed.

However, changes in fecal composition

were observed. Fecal consistency initially

was soft and changed to diarrhea oven the

course of the infection. There was no ob-

vious relationship between fecal consisten-

cy and level of trematode egg production.

At necropsy on days 3 and 9 P1 internal

organs appeared normal; however, on days

16, 24, and 35 P1, ballooning of the ceca

occurred and a reduction in the length of

the anterior pant of this organ was ob-

served. The muscular layer was flabby

which increased the space of the cecal lu-

men, particularly of the anterior portion.

Juvenile (3-day-old) and young (9-day-

old) worms were found in close association

with the cecal villi in the anterior ceca. At

day 3 P1, seven viable metacercaniae with

fragments of the rest of external cyst walls

were found in the anterior portions of the

ceca. From day 16 P1, worms were found

only in the lumen of the posterior ceca and

there was no evidence of attachment to

the mucosa. Flukes were found singly. Ce-

cal lengths ranged from 161 to 245 mm

and weights from 18 to 21 g. There were

no significant (P > 0.05) differences in

total cecal lengths or in total cecal weights

among individual birds by a t-test. How-

ever, differences in left and right ceca!

lengths and left and right ceca! weights

were significant (P < 0.05) between ani-

mals by a t-test.

Notocotylus attenuatus flukes become
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FIcURE 1. Types of Notocotylus attenuatus eggs

recovered by wet smear method from the ceca (A),

intestines (B), and from the feces (C) of experimen-

tally infected Peking ducks. Each value represents

the mean of three replicates with 300 ± 25 eggs per

replicate.

gravid by day 16 P1, and growth stopped

after attaining sexual maturity (Table 1).

The first eggs were detected in contents of

the posterior cecum at day 16 P1 (Fig. 1).

At days 24 and 36 P1, egg clusters were

found in the median and posterior cecum

but were not detected in the anterior ce-

cum. Egg clusters detected in the cecum

maintained the shape of the worm uterus

(Fig. 2). Eggs in the intestine and in feces,

detected at days 24 and 35 P1, were rep-

resented also by monofilament and non-

filament types (Figs. 3, 4); however, most

eggs in the ceca were bifilamenta! (Fig. 5).

A Most of the fecal eggs at days 24 and 35
P1 had only one filament (Fig. 1).

Approximately 125 N. attenuatus eggs

per gram of feces (range 111 to 136) were

present in three replicate 1 g fecal samples

at day 24 P1, and 139 eggs (120 to 158)

were present at day 36 P1. Eggs removed

from the worm uterus had curved fila-

ments (Fig. 3) which aggregated all the

eggs together from the beginning of uterus

to the genital pore. Filaments became

B straight after egg expulsion, but remained
matted (Fig. 2).

In the infected rodents all mice and rats

had granulomatous nodular lesions on the

small intestine (Table 2, Fig. 6). Granu-

!omata containing N. attenuatus were

found between 48 and 67 cm posterior to

the stomach in the rats, and between 15

and 22 cm in mice. The total length of the

intestine ranged from 26 to 31 cm in mice

(� = 28.3 cm, SE = 4.5), and in rats, 89 to

96 cm (� = 92.2 cm, SE = 1.3). Granulo-

mata were not observed in the cecum. The

granulomata were globular in shape and

their size corresponded to the size of the

excysted metacercaniae. All trematodes in-

side the lesions were dead. The lamina pro-

pnia adjacent to the nodules was infiltrated

by plasma cells, lymphocytes and heteno-

phils. Degeneration of the tunica muscu-

laris with heterophil infiltration was ob-

served. The inner portion of the granuloma

was formed from the tunica musculanis of

the small intestines in direct contact with

the parasites. Intestinal villi of the lesion

were wider and shorter than villi in un-

infected areas.

Al! five resident 2-yr-old mallard ducks

from Duckhead Pond were negative for

N. attenuatus and other cecal trematodes.

The appearance, size and weight of the

ceca did not indicate previous monosto-

miasis or amphistomiasis.
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FIGUREs 2-6. Photomicrographs of Notocotylus attenuatus eggs and a granulomatous nodular lesion

produced b� N. attenuatus in the small intestine of experimentally infected rats. Figure 2. Egg cluster

recovered from the distal aspect of a duck cecum; note shape of egg cluster (arrows) remaining from the

looped uterus of the fluke. Figure 3. Eggs removed from the proximal part of the fluke uterus; A, small

filaments with sticky, curved ends. Figure 4. Nonfilamental egg recovered from the duck feces; B, operculum.

Figure 5. Bifilamental egg recovered from the small intestine of a duck; C, opercular filament, D, unopercular

filament; note the opercular filament coming off the egg shell. Figure 6. Granulomatous nodular lesion

containing N. attenuatus in the small intestine of a rat; F, individual worm in granuloma. Scale bar = 25

izm in Figures 2, 3, 5; 10 �tm in Figure 4; and 1,500 �m in Figure 6.

DISCUSSION

The process of invasion of the intestinal

tract by N. attenuatus has not been de-

scribed. Rad!ett (1979) suggested that

metacercariae excyst in the lower intestine

and the larvae actively migrate to the ceca;

however, no explanation or description of

this movement was given. Such migration,

however, would be extremely difficult

considering intestinal penistalsis and the

lack of adhesive organs on the larva. Fur-

thermore, the only previous record of the

site-seeking behavior of a notocotylid fluke,

Catatropis johnsoni, by Martin (1956) does

not give details. Based on the fact that we

observed seven viable metacencanial cysts

with intact external cyst walls which were

in the proximal cecum at day 3 P1, we

conclude that excystation may occur in the

lower intestine. Additionally, the random

distribution of worms between left and

right cecum which we observed indicates

that the larvae very likely enter the ceca

with intestinal contents by penistalsis. A

similar distribution was found by Fried

and Nelson (1978) in domestic chicks in-

fected with the ceca! fluke Zygocotyle lu-

nata.

Within the cecum we found that N. at-

tenuatus worms move distally during de-

velopment. Furthermore it appears that

the close association of worms with cecal

villi described by Fried and Gamnsburg

(1980) occurs only with juvenile and young
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TABLE 2. The occurrence of granulomatous nodular lesions containing Not ocot ylus attenuatus in the small
intestine of experimentally infected rodents.

Number o

per
f granulomas
rodent

Distance of granulomas
from stomach (%)

Size of granulomas
(mm)

Number of
worms in

granulomas
RangeRodents Mean Range Mean Range Mean Range

Mice 14 13-21 64 52-75 2.7 2.1-3.2 3-8

(n = 10)

Rats 21 16-25 61 53-71 4.4 3.4-5.2 6-13

(n = 5)

parasites which were in the proximal part

of the cecum where such villi exist and the

expulsive forces are strong. The villi may

protect the parasites from expulsion by

movement of the cecal contents. Rad!ett

(1980) concluded that adult flukes in the

cecum use their ventral papillae as ho!dfast

organs, freeing the oral sucker for feeding.

Contrary to this observation we always

found adult flukes in the lumen of the dis-

tal ceca feeding on cecal debris.

Movements of the eggs probably were

influenced by the long filamental processes

characteristic of the species. We propose

that the curved filaments cause adherence

and formation of egg clusters (Fig. 2) which

then are more subject to ceca! expu!sive

forces than single eggs. Thus filaments may

not only enhance the infection of snails

(Erkina, 1954; Dawes, 1968; Wright, 1971;

Schel!, 1985), but also may facilitate move-

ment of eggs through the cecum and in-

testine.

Infection with N. attenuatus did not

produce changes in the mass and size of

duck ceca such as found by Fried and Ne!-

son (1978) in ceca! amphistomiasis caused

by Zygocotyle lunata. However, the flac-

cidity of the muscular layer of the proxi-

mal part of the cecum as well as ballooning

of the whole organ which we observed may

affect the functioning of this organ. Such

an effect would permit passage of worm

eggs to the intestinal lumen and allow the

invasion of this organ by other cecal par-

asites.

In mice and rats excystation of N. at-

tenuatus cysts occurred in the lower in-

testine. However, parasites were not ob-

served to mature. Thus conditions may exist

in these rodents to allow excystation but

not to support development of the parasite.

These results were unexpected because of

previous findings of experimental infec-

tions of rodents with other, closely related

notocoty!id species (Herber, 1942). From

the gross and histopathologic changes of

the rodent intestine it is apparent that the

parasites penetrated the tissue and were

sequestered and walled off in granulo-

mata. The mechanical damage produced

by the large nodular lesions may be re-

sponsible for the changes of the fecal con-

sistency and heavy infections of rodents

may result in malnutrition following in-

terruption of peristalsis and the inability

to absorb food. In the wild, this species of

parasite may not use rats and mice as de-

finitive hosts, but other rodents such as

muskrats (Ondatra zibethica) should also

be investigated as possible hosts for trans-

mission. The production of granulomata

by cecal parasites which invade abnormal

hosts is valuable information on the cues

used by such parasites in establishing

themselves within their hosts.

Finally, it is necessary to consider the

role of pond residents such as mallards in

the epizootiology of the parasite. Despite

an abundance of N. attenuatus metacer-

cariae in the ponds with permanent resi-

dent mallards, birds sampled from there

were not infected. Similar observations also

were made by Roscoe and Huff man (1983).

Huff man and Roscoe (1986) demonstrated

that A. platyrhynchos can acquire resis-
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tance to reinfection with flukes. The pres-

ence of a stable parasite population which

is not supported in wild resident birds or

mammals is evidence that this parasite is

using migratory waterfowl temporarily

resident in the ponds as the main definitive

host population.
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