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I.  Species of Paragonimus with their geographical distribution;

Paragonimus infection is found in a wide variety of mammals which
feed on fresh-water crabs or crayfish. However, in man it is limited to places
where food habits make infection: possible. (Fig. 1)

At present 31 species of Paragonimus have been reported in various
mammals in many countries. Some of them may be synonyms rather than
separate species as shown in Table 1.

The species whose life cycle are fully known are P. westermani, P. kelli-
cotti, P. ohirai, P. iloktsuenensis, P. skrjabini (P. szechwanensis), P. miyazakii,
P. heterotremus (P. tuanshanensis), P. mengalensis and P. sadoensis (Table 2).

It is generally accepted that the arrangement of spines, the shape of
the ovary and the testes, the character of eggs and the relative size of the oral
and ventral suckers are good criteria for differentiating adult species, but no
one of them can be used independently as the sole criterion. (Fig. 2)

Among those species P. westermani was thought to be the only species
that develops in man. Such a view is no longer acceptable due to the accumu-
lation of rlew knowledge of the taxonomy, life history and host-parasite rela-
tionships as well as the distribution of the Paragonimus worms. At present six
species besideS P. westermani were known as the causative agents of human
paragonimiasis,

And some of them are causing particular symptoms which are con-
spicuously different from the idea of paragonimiasis described in the textbook.

In China, 14 species of Paragonimus have been reported and among
them P. skrjabini (P. szechuanensis), and P. tuanshanensis are known as etiolo-
gical agents of human paragonimiasis in addition to P. westermani.

In Africa, paragonimiasis is widespread and is mostly, if not entirely,
indigenous. A new species P. africanus, has been found in West Cameroon as
an etiologic agent of human paragonimiasis.
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the eating of raw or imperfectly cooked crabs.

However, another possible mode of human infection is an accidental
transfer of the encysted metacercariae to the mouth through the handling of
crabs while preparing them as food. {Yokogawa, 1952; Yogore, 1957).

II1.  Symptomatology:

The most noticeable symptoms of paragonimiasis due to P. westormani
and some other species are cough and blood-stained sputum, with typical
Paragonimus eggs. Owing to its pathogenicity in the lungs, paragonimiasis
may be suggestive of pulmonary tuberculosis. It has been reported in various
countries that an unexpectedly large number of cases in the endemic areas
have been wrongly diagnosed as pulmonary tuberculosis and were treated
with drugs appropriate to that discase.

However, the most characteristic clinical features due to P. szechuan-
ensis (P. skrjabini) in China are migrating subcutaneous nodules and high
eosinophilia, but cough is not common and often not severe; sputum is gene-
rally scanty and Paragonimus eggs are, as a rule, not present. The nodules
are most commonly found in the abdominal wall. (Wang et al., 1964).

Paragonimus tuanshanensis is suspected to be pothogenic to man and
responsible for the occurrence of most, if not all, human cases of paragoni-
miasis in China (Chung et al., 1964). It 1s considered that although it is true
that clinical cases in the area have symptoms of chronic cough, expectora-
tion, chest pain, hemoptysis etc., resembling those due to Paragonimus wester-
mani, yet the absence of Puragonimus eggs in the sputum would be different
from P. westermani.

Recently the mmmature worms removed from the subcutaneous swell-
ings of a patient in Thailand were identified as P. hetcrotremus ¥(Miyazaki
and Harinasuta, 1966). The patient was a 13-year-old who was suffering
chiefly from chest pains for 1 year and eosinophilia were as high as 48%.
However, Paragonimus eggs were not found ir sputum and feces.

The most noticeable symptoms of Parcgonimus miyazakii infection in
man recently found in Japan are spontaneous pneumothorax, bronchitis,
exudative pleurisy and eosinophilia as high as 20-70% but cough is not com-
mon. Paragonimus eggs are not found in the sputum and feces. No abnormal
shadows of worm cyst in the lungs such as nodular or ring shadow were
found by chest X-Ray examination. (T'able 3}

All those paragoniniasis patients in  Africa and South America
suffered from chronic coughs and discharged blood in sputum, with typical
Paragonimus eggs.

As mentioned above, 1t is interesting that clinical symptoms of para-
gonimiasis are quite different according to the species of Paragonimus that

* Mlyazakl ' aﬁd "ﬁé,riﬁvasuta ”('71966)”” wconsi‘d‘éred to

be identical with

P. tuanshanensis.
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cause paragonimiasis in man.

IV. Diagnosis:

1. Clinical and Parasitological examinations

Paragonimiasis westermani in endemic areas can be diagnosed clinically
by an occasional light cough and yellowish-brown pus-like sputum in which
bloody spots or lines can sometimes be seen. The eggs of Paragonimus can be
found in blood-stained sputum of patients by the direct smear technique, but
when eggs are few the centrifugation technique with 1-2  percent sodium
hydroxide should he used. In light infection, however, sputum is not always
produced, and in those patients who swallow it, the eggs can be found only
by examination of the stool.

2. Sero-immunological techniques

Sero-immunological techniques such as Interadermal test (IDT), Com-
plement fixation test (CF-T), Gel-diffusion test (Ouchterlony test) and immuno-
electrophoresis can be widely used as indicated below.

1) Intradermal Test

a) An intradermal test for paragonimiasis is casily carried out, and there
are no side effects, so the test is, therefore, useful as a screening method for
Paragonimus infections of man in endemic areas.

b) However, as the intradermal test continues to show positive reactions for
as long as 10-20 vears after complete recovery, a positive dermal reaction does
not always mean the present infection.

Clinically, the intradermal test is also useful in differentiating para-
gonimiasis from tuberculosis and some other chest diseases or cerebral para-
gonimiasis from brain tumor or cerebral hemorrhage. 1If the intradermal test
gives negative results, Paragonimus infection car almost certainly be ruled out.
¢) An intradermal test shows cross reactions with P. westermant and other
species of Paragonimus, therefore, this test can not be used for differentiation
of the species of Paragonimus as causative agent of paragonimiasis.

2) Complement fixation test (CF-T)

The complement fixation test for paragonimiasis is closely correlated
with the existence of infection and not past infections. Therefore, for the
epidemiological surveys the intradermal test should be used first and the
complement fixation test should be performed on individuals with positive
dermal reactions.

The complement fixation test can alsc be used as a criterion of cure
of paragonimiasis after treatment. (Yokogawa et al, 1962).
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Very recently, the author et al. found that complement fixation test
can also be used for differential diagnosis between paragonimiasis westermani
and paragonimiasis miyazakii. All of 10 cases of paragonimiasis miya-
zakii showed positive reaction with high antibody titer for the complement
fixation test with the antigen prepared from the adult worms of P. miyazakii
while 4 out of 10 showed negative for the complement fixation test with the
antigen from P. westermani and the antibody titers of 6 positive cases with
P. westermani antigen were much lower than those with the P. miyazakii
antigen.

3) Immunoelectrophoresis

Immunoelectrophoresis is now widely applied to the diagnosis of para-
gonimiasis. Specific bands were detected in the sera of paragonimiasis pati-
ents with the antigen prepared from P. westermani. (Biguet et al,, 1965;
Yogore et al.,, 1965).

The immunoelectrophoretic technique was also applied to the differen-
tiation of the species of Paragonimus and the different precipitin patterns
were shown in respective antigen-antibody systems of P. westermani, P. ohirai,
P. miyazakii and P. sadoensis. ‘

The specific bands of each species were also proved by saturation
method. (Tsuji et al., 1967; Yokogawa et al.,, 1968).

Very recently, Yokogawa et al. applied the immunoelectrophoretic tech-
nique and ouchterlony test to the patient serum suspected of P. miyazakii in-
fection and proved that these techniques are effective in identifying the species
among P. westermani, P. miyazakii and P. ohirai.

The serum of the patient with P. miyazakii showed considerably strong
immunoserological cross-reaction to P. ohiraii antigen. But cross-reaction with
P. westermani antigen was weaker and the precipition bands with P. miyazaki
antigen were shown even in dilution of serum as high as 1/40 - 1/80.

On the other hand, the serum of the patients with P. westermani
showed almost the same patterns of precipitin bands with those three antigens.
This is interesting, in view of near kinship of those three species.

4)  Agar double diffusion test (Ouchterlony test)

Recently, Yokogawa et al. also proved that Ouchterlony test is effec-
tive to differentiate the species between P. wstermani and P. miyazakii infec-
tions in man.

It is of interest to note that the species of Paragonimus causing para-
gonimiasis in man can be differentiated with CFJT, Ouchterlony test and

immunoelectrophoresis.



Paragonimus and Paragonimiasis

3. Radiography

Numerous studies have been reported on the use of X-ray pictures for
the diagnosis of pulmonary paragonimiasis due to P. westermani. It is not
easy to diagnose paragonimiasis solely by chest X-ray examinations, parti-
cularly to differentiate it from pulmonary tuberculosis. Most of the abnormal
shadows in paragonimiasis are found in the middle, upper and lower parts of
the lungs, but are rarely in the apex.

The nodular worm-cyst shadow which has a sharply marked round or
oval contour is suggestive of a tuberculoma. 'The ring shadow is a cystic
form with a relatively thin wall and is round, oval or irregular in shape.
These shadows which are supposedly typical for paragonimiasis occurred in
less than 509% of the patients with paragonimiasis, and nearly 40% of the
X-rays could hardly be distinguished from those of pulmonary tuberculosis.

In paragonimiasis miyazakii spontaneous pheumothorax and exudative
pleurisy are usually seen by chest X-ray examination.

V. Treatment

For paragonimiasis, bithionol seemed to be the most effective of any
drugs which have ever been tested. (Yokogawa et al., 1961). Reports of clinical
cure rates of pulmonary paragonimiasis after treatment with bithionol vary
from 84%i (Wang et al,, 1964) to 100% (Kanrg et al,, 1963).

Diarrhoea, loose stools, abdominal pain, nausea, vomiting and uriti-
carial eruption have been mentioned as the side effects of bithionol, how-
ever, all these side effects were transient and did not necessiate any sympto-
matic treatment.

It has been reported that bithionol was not effectual against immature
worms in the pleural or peritoneal cavities (Yokogawa et al., 1961; Waitz
et al., 1963).

Tn the case of paragonimiasis miyazakii, the treatment with a daily dose
of 30mg/kg on alternate days for a total ten to 15 doses seemed not to be
enough and at least two treatments seemed necessary.

As for the internal treatment of extrapulmonary paragonimiasis, espe-
cially cerebral involvement, it has been suggested that good results can be
expected with bithionol. (Kitamura and Nishimura, 1963; Shim et al.,, 1964;
Wang et al, 1964; Oh. 1967).

Bithionol is also effective for cutaneous paragonimiasis. Wang et al.
(1964) treated subcutaneous swelling due te P. skrjabini with a dose
50mg/kg of bithionol orally every other day for 20 days. They reported that
subcutaneous swellings in all 24 cases gradually diminished in size and finally
disappeared after completion of treatment, and that 3 cases relapsed 4, 5 and

9 months after treatment, but al of them were completely cured after
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the second course of treatment.

VI. Control

While the control of trematode infections by the elimination of the
vector snails through use of chemicals or habitat alteration has been frequently
suggested, it seems that this method has limited application in control of para-
gonimiasis.

The killing of the crabs that transmit the infection to man has been
also suggested, but this method would be difficult to apply in most of the
endemic areas, and it is doubtful that it has actually been used extensively
as a control measure. Successful mass treatment with bithionol would be of
great value as a control measure only where most of the snail intermediate
hosts are infected from human sources.

The possibility of infection from cysts freed from crabs during food
preparation was mentioned. Efforts to induce people to be more careful in
handling the crabs while preparing them could reduce this danger.
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An outbreak of paragonimiasis in eastern Nigeria has been reported
during the civil war and post-war period from 1967 to 1970 (Nwakolo, 1972).
The species of Paragonimus in this area is not yet known.

In Mexico, adult lung flukes were found in the lungs of opossum
Didelphys marsupialis captured in Colina on the Pacific coast (Mazzotti and
Miyazaki, 1965) and they were described as a new species, P. mexicanus
(Miyazaki and Ishii, 1968). The eggs found in lung tissue excised from a male
Mexican patient wereconsisidered to belong to this new species, but no larval
stages of Paragonimus have ever been found. (Martinez Baez and Jimenez
Galan, 1961).

In Colombia adult worms of Paragonimus found from the lungs of the
opossums were described as a new species, P. caliensis (Little, 1968).

In Peru many cases of paragonimiasis have been reported. They were
once assumed to be due to P. westermani but the discovery of a new species,
P. peruvianus (Ibanez and Miranda, 1967; Miyazaki et al., 1969) and the
finding of Paragonimus eggs unlike those of P. westermani in the sputum of
the patients make it doubtful that P. westermani occurs at all in Peru.
(Miranda et al., 1967).

In Ecuador, human paragonimiasis was first observed by Heinert in
1921, and has since been found throughout the coastal region (Cevallos and
Segovia, 1957 and Rodriguez, 1963). Very recently, in summer of 1971 a
different type of metacercaria of Paragonimus from that of P. westermani
was found in a freshwater crab, strengeira eigenmanni, Collected at Caluma
(Yokogawa et al, 1972). It is suspected now that human paragonimiasis is
caused by other species than P. westermani in Ecuador.

In Honduras the eggs of Paragonimus sp. were found in the sputum of
a patient by Larch (1968).

In Japan, besides Paragoimus westermant, four species of Paragonimus
that is P. ohirai, P. iloktsuenensis, P. miyazaki: and P. sadoensis have been
found in the lungs of rats, dogs, pigs, wild boars and other wild "animals, but
no human infections with those species have been reported yet. However,
human infections with at least two species e, P. miyazakii and P. sadoensis
have long been suspected, on the basis that their second intermediate host 15
Potamon dehaani, which is habitually eaten uncooked or pickled in some
areas, in Japan.

Very recently many cases of paragonimiasis showing quite different
symptoms from those of paragonimiasis westermani were reported in Japan.
These cases were diagnosed mainly with immuno-serological methods as para-
gonimiasis due to Paragonimus miyazakii.

II. Mode of human infection:

The most important mode of human infection with P. westermani or
other species of Paragonimus throughout the endemic areas is undoubtedly
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Fig.l Distrlbution of paragonimiasis

Key to the species of Paragonimus.
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