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Introduction

On the American continent the following
four species of Paragonimus are considered
to be valid: 1i. e. P. kellicotti Ward, 1908,
P. caliensis Little, 1968, P. mexicanus Miya-
zaki et Ishii, 1968 and P. peruvianus Miyazaki,
Ibafiez et Miranda, 1969. P. rudis (Diesing,
1850), the oldest lung fluke, is regarded as a
nomen nudum at present. However, the cau-
sative agent of human paragonimiasis in Cen-
tral and South America remains unknown.
The authors are rather skeptical about prev-
ious reports that it was caused by P. wester-
mani or P. kellicotti. Miyazaki & Ishii (1968)
compared eggs deposited in the lung tissue
from a human case in Mexico reported by
Martinez Béez & Jiménez Galan (1961) with
those of P. westermani, P. kellicotti and P.
mezicanus, and reported that they were very
similar to those of P. mexicanus, stating the
possibility of human infection by this lung
fluke. Little (1968) entertained a suspicion
that eggs found in sputum from a local
Ecuadorian patient were not P. westermani
but P. caliensis and that they were identical
with those from a patient in Peru. There-
after, Miyazaki ez al. (1969) reported that
eggs seen in the sputum of a Peruvian patient
were similar to both P. caliensis and P. peru-
vianus.  On the basis that P. peruvianus
was detected from a cat in the same district
as the Peruvian patient, they considered that
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the patient’s infection was also caused by
P. peruvianus. Thus, interesting information
has accumulated concerning human para-
gonimiasis in Central and South America.

For diagnosis of paragonimiasis, detection
of eggs is most reliable. Generally speaking,
however, species identification by eggs only
is not always easy. Criteria for differenti-
ating Paragonimus eggs are described by
previous investigators such as Chen (1940),
Miyazaki(1954), Isshiki(1954, 1962), Yokogawa
(1955), Kamo et al. (1961), Terauchi ef al.
(1961), Hatsushika (1967), Yoshida & Nishi-
mura (1968), Miyazaki & Ishii (1968), Miya-
zaki et al. (1969), etc.
have been found in size, shape, ratio of the
longitudinal and horizontal diameter, position
of the maximum width, thickness and contour
of the eggshell, opercular form and the
contour of connection between the operculum
and the egg body. However, these have
been done with a light microscope except
for an electron microscopic observation of P,
westermani egg by Inatomi (1962) with the
result that the surface structure still remains
unclarified in many aspects. If differences
were to be found in surface structure, it
would contribute to the taxonomy and di-
agnosis of the species. Therefore, eggs of
three kinds of American Paragonimus were
studied with the scanning electron micro-
scope.

Differences in eggs

Materials and Methods

Eggs observed were of P. kellicotti, P.
P. kellicotti
metacercariae were obtained from crayfish

mexicanus and P. peruvianus.
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collected near Ann Arbor, Michigan, U. S.
A. and were fed to cats and dogs. Uterine
eggs were obtained from the cats ten months
later and from the dogs 59 months after in-
fection. For P. mexicanus, they were obtain-
ed from adult worms naturally infected in
a Mexican opossum, and for P. peruvianus,
they were from a naturally infected Peruvian
cat. These samples were fixed in 10%
neutral formalin or 3 % glutaraldehyde (Mil-
lonig’s buffer) and 1% osmium tetroxide (Mil-
lonig’s buffer to pH 7.4). After fixation,
they were dehydrated with increasing con-
centrations of acetone, dried on a glass slide
and coated with carbon and gold in a
vacuum. A scanning electron microscope
(JSM-2) was used for observation at 800-
30,000 magnifications with a beam accelerat-
ing voltage of 25 kV.

Results and Discussion

The surface of eggshell of P. kellicotti
including the operculum is generally smooth
(Fig. 1). The operculum is relatively flat
and central part is slightly raised in most
eggs. The shell at the connection between
the operculum and egg body is thick and
raised (Fig. 2). At the abopercular end a
starfish-like prominence of various size and
form is seen on the shell (Figs. 1 and 3).
This corresponds to the description by Ameel
(1934) who said ‘‘this end is more or less
thickened and is occasionally provided with a
nodule of varied form ’’. It also corresponds
to ‘‘ watchglass-like projection ’” or ‘‘ shadow-
like black thickening >’ described by Isshiki
(1962) and Yoshida & Nishimura (1968) (Fig.
8). The shell surface of P. mexicanus is
rough as compared with P. kellicotti and
many pits measuring 1.0-1.6 # in diameter
are recognized on the shell (Fig. 4). The
shell at the connection between the operculum
and egg body is thick and prominent but
not so marked as P. kellicotti. The operculum
is prominent as a whole and not so smooth as
P. kellicotti. The abopercular end assumes an
undulating form and the eggshell is inwardly
concave as shown by arrows in Fig. 5. The
surface of P. peruvianus eggshell is rougher
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than that of P. mexicanus and pits of 1.0-
2.8 1 in diameter are densely scattered. The
contour of connection between the operculum
and egg body resembles that of P. mexicanus

(Figs. 6 and 7). The undulating contour of
eggshell was described by Little (1968),
Miyazaki & Ishii (1968) and Miyazaki ez al.
(1969) in P. caliensis, P. mexicanus and P.
peruvianus respectively by light microscopy
(Fig. 8), and was more conspicuous in P.
caliensis and P. peruvianus.
be seen in sectioned or whole mounted
specimens (Fig. 9). The confirmation of this
peculiar surface structure in the present
study is interesting as a criterion for differen-
tiating the species.

Hasegawa (1935) made a detailed investiga-
tion of the eggshell of trematodes, especially
of Metorchis, Opisthorchis, Exorchis and Clon-
orchis, and Hilliard (1960) observed the egg
surface of eleven kinds of Diphyllobothriid
cestodes. Both authors found differences
among some species by light microscopy.
Ishii & Tokunaga (1970a) demonstrated eggs
of Diplogonoporus grandis using the scanning
electron microscope for the first time. They
compared them with those of Diphyllobo-
thrium latum and found differences in the
size of pits and their distribution density on
the shell surface. Ishii & Tokunaga (1970 b-
d) and Ishii et al. (1970) obtained further
interesting image on the eggshell of Clonor-
chis, Schistosoma, Paragonimus and Gnatho-
stoma. The authors think that studies on
the structure of eggshell with the scanning
electron microscope will supply interesting
answers to the problems involved in taxo-
nomic and diagnostic studies of parasitic
helminths.

The feature can

Summary

Scanning electron microscopy on the eggs of
American lung flukes showed that the surface
of the shell was smooth in P. kellicotti, slightly
rough in P. mexicanus and remarkably rough
in P. peruvianus. Differences were also found
in the form of operculum and abopercular
end between P. kellicotti and P. mexicanus.
These differences can be recognized to some



extent through the

light microscope, as

shown in Figs. 8 and 9.
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Figs. 1-7: Scanning electron micrographs of the eggshell of American Paragonimus.
Figs. 8 & 9: Light micrographs of the same materials.
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Comparison of eggs of I. kellicotti (left), I

kellicotti, showing operculum (OP) and abopercular end (AE).
kellicotti, operculum and texture of shell. X 3300

kellicotti, starfish-like prominence on abopercular end (arrow).
mexicanus, two, slightly undulate texture of shell. X 2200
mexicanus, abopercular end with concaves (arrows). X 6600
peruvianus, highly undulate texture of shell. X 1200
peruvianus, details of pits. X 3300

peruzianus at the same magnification.
Sections of the uterine eggs of I’. kellicotti (left) and P. mervicanus (middle).
Eggs of P. peruvianus (right) in the uterus of a mounted specimen. Mag-
nification is the same as Fig. 8.
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