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Introduction

Being primarily a parasite of wild rats, the
rat lungworm, Angiostrongylus cantonensis
has been known to invade the human central
nervous system and produce menigoencephalitis
as reported by Nomura and Lin (1945), Rosen et
al. (1962), and Jindrak and Alicata (1965). More-
over, A. cantonensis is considered to be the most
probable etiologic agent of eosinophilic meningo-
encephalitis in the Pacific and Southeast Asia.
For this reason, surveys on A. canfonensis in
wild rats present an intriguing field for research.

Epidemiologically, information on the inci-
dence of A. cantonensis in the Ryukyu Islands
is important because this parasite has already
been reported to be present in Iriomote-jima
(Nishimura et al., 1964).

In August 1965, at the suggestion of Dr. J.
E. Alicata, the author visited some of the
Ryukyu Islands to know the distribution and
prevalence of A. cantonensis in wild rats and
to find the species of mollusks acting as local
intermediate hosts. The study covered the
islands of Okinawa, Miyako-jima, Ishigaki-jima,
and Iriomote-jima. Partial results of this study
from the island of Okinawa has been reported
by Alicata and Nishimura (1965).

In this paper the final results of the inves-
tigation done in all of the above mentioned
islands will be presented.

Materials and Methods

The rats were mostly captured with *“ Victor ”’
snap-traps. The traps, baited with sweet potato,

were set late in the afternoon and collected
early next morning. Although most of the
traps were set in sugar cane fields, some were
placed around houses or storehouses. In addi-
tion, some of the rats were collected after being
killed by rat poison.

The rats were identified as to species and
then the body length of each rat was measured
from the tip of the nose to the base of the tail.
The lungs and the heart were removed from
the thoracic cavity and were observed for gross
pathological lesions. An examination for adult
worms was made by carefully dissecting the
lungs to avoid injury to the worms.  The
auricles and ventricles of the heart were opened
and examined. The parasites were identified
by their gross morphological structures, and the
total number of worms found in each rat was
counted.

Mollusks were captured alive and brought
to the Ryukyu Hygienic Laboratory. They
were passed through a meat grinder, and the
minced tissue was digested artificially in a
solution containing 1 % pepsin and 1 % HCI
at 37°C. for 1'/; hours. The sediments were
examined for larvae with a microscope. The
larvae of the rat lungworm were identified by
their characteristic morphological features. Acti-
vely moving larvae were orally fed to laboratory
mice. Several days later, the entire brain of
each mouse was examined by press preparation
under the microscope to ascertain the possible
presence of developing larvae.
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Results

A. cantonensis in Rats :
The rats were trapped from Okinawa, Miyako-
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Table 1. Prevalence of A. cantonensis among
R. norvegicus examined in the
Ryukyu Islands

jima, Ishigaki-jima, and Iriomote-jima.. The Tsland elj;;‘i‘;‘zd 1;’;‘;3}:]6; I; irsitcifzrét
following species and numbers of rodents were
found in these islands: Norway rats, Ratfus Okinawa
norvegicus, 120 ; roof rats, Rattus rattus, 10. Ginama o 0
As shown in Table 1, A. cantonensis was found §2220h1 1% (3)
in R. norvegicus from every island.  The Sedaka 4 0
120 Norway rats examined from the four ?L‘?iza " Ef 8
3 0 = . SNIKaw:
islands were harboring A. cantonensis in 15.8 ¥ hrnitar 2 0
% on the average. Eight out of 55 Norway Koza 10 1
. Ishimine 9 3
rats from Okinawa showed the lungworm Naha 5 1
(14.5%). As for R. rattus, of only 10 rats Kokuba 1 0
secured from .the island of Okinawa, 3 showed Totals 55 8 145
A. cantonensis. Table 2 shows the prevalence of
A. cantonensis by sex in R. norvegicus. No Miyako-jima
gross difference in prevalence was noted between Hirara (1) 9 4
male and female rats. Table 3 shows the preval- Hirara (2) A .
ence of A. cantonensis by size and species of the Totals 1% 5 35.7
rats examined. The prevalence of A. cantonensis ————
in the larger rats was found to be higher in R. Ishigaki-jima
norvegicus. A marked difference was noted be- Ishigaki (1) 17 0
Ishigaki (2) 11 4
tween two groups, namely below 179 mm. and over
180mm. in body length (x!=15.21, p<0.01). Totals 28 4 14.3
The total number of R. rattus was too small . ”
. . Iriomote-jima
to note any difference between the two species Ohara ' 0
gt &
of rats. The lowest number of the parasite Ot 11 2
found in a rat was a single worm in R.
norvegicus and the highest was 37 worms in Totals s ‘ 8.7
R. rattus. There were slightly more female Grand Totals 120 19 15.8
than male worms in both rats. In gross ———
observation, the lungs of rats harboring A. can-
Table 2. Prevalence of A. cantonensis by sex of R. norvegicus
examined in the Ryukyu Islands
Male Female
Island Number Number Per cent Number Number Per cent
examined positive Positive examined positive positive
Okinawa 29 5 26 3
Miyako-jima 8 3 6 2
Ishigaki-jima 8 0 20 4
Iriomote-jima 10 1 13 1
Totals 55 9 16.4 65 10 15.4

(233)
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Table 3. Prevalence of A. cantonensis
by size of rats examined

Species & body‘ Number Number Per cent
size in mm. examined positive  positive
R. norvegicus
< 160 34 0 0
160-179 37 3 8
180-199 29 6 21
200-219 16 6 37
220+ 4 4 100
R. rattus
< 160 3 1 33
140-159 a 1 20
160-179 2 1
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tonensis were usually remarkably enlarged and
the characteristic circumscribed consolidations
were found in the affected lobes.

Infective Larvae of A. cantonensis among Mol-
lusks :

A species of wild slug identified as Laevicaulis
alte (Férussac) was commonly found in sugar
cane fields where the infected rats had been
trapped on the islands of Miyako-jima, Ishigaki-
jima, and Iriomote-jima. However, this slug
was not found in Okinawa. The giant African
snail, Achatina fulica, was very common in
Okinawa and Miyako-jima, but none was seen
in Ishigaki-jima. By artificial digestion method,
a number of metastrongylid larvae were found
in each of 10 slugs collected from each of the
above mentioned islands,
recovered from the giant African snails from
Okinawa were notably less in number. These
larvae agreed morphologically with the infective
larvae of A. All the laboratory
mice which had been fed the larvae, recovered
from the slugs and snai's, showed many living
larvae in the brain 4 days later.

However, the larvae

cantonensts.

Discussion

A. cantonensis in Rats :

Recently, the geographical distribution of A.
cantonensis has been reviewed by several inves-
tigators (Alicata and McCarthy, 1964 ; Kuntz
and Myers, 1964 ; Alicata, 1965 ; Wallace and
Rosen, 1965). At present, the areas in which
A. cantonensis has been found in rats are as
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Fig. 1. Each denominator expresses total number
of rats examined, and the numerator expresses posi-
tive number of the rats. Each fractional number
in the parentheses shows R. rattus and others are
R. norvegicus. [* Kawashima et al. (1965)]

follows :  Australia (Mackerras and Sandars,
1955), New Caledonia (Alicata, 1963), New
Hebrides (Alicata, 1963), Tahiti and Society
Islands (Alicata, 1962 ; Wallace and Rosen,
1965), Oahu, Hawaiian Is'ands (Ash, 1962 ;
Wallace and Rosen, 1965), Solomon Islands
(cited by Wallace and Rosen, 1965), Palau
Islands (cited by Wallace and Rosen, 1965),
Mariana Islands (Alicata, 1965), Caroline Islands
(Jackson, 1962), Loyalty Islands (Alicata, 1963),
Cook Islands (Alicata and McCarthy, 1964),
Malaya (Schacher and Chee-Hock, 1960 ; Lim
et al., 1965), Thailand (Punyagupta, 1965),
Canton, China (Chen, 1935), Formosa (Matsu-
moto, 1937 ; Kuntz and Myers, 1964; Chiu,
1964), Manila, Philippines (Nishimura and Yo-
gore, 1965: de Leon ez al, 1965) Madagascar
(Brygoo and Chabaud, 1964 ; Alicata, 1965),
Iriomote-jima and Okinawa, Ryukyu Islands
(Nishimura ez al., 1964 ; Alicata and Nishimura,
1965), Mauritius (Alicata, 1965), Ceylon (Alicata,
1965) and Sarawak (Alicata, 1965).

Wallace and Rosen (1965) reported that A.
cantonensis was not found in rats from Majuro,



Marshall Islands ; Viti Levu, Fiji; Tongatapu,
Tonga ; Savaii and Upolu, Western Samoa ;
Tutuila, American Samoa ; or Molokai Hawaii.
Other areas where A. cantonensis has not yet
been found in rats examined are as follows :
Wallis Islands (cited by Wallace and Rosen,
1965), Auckland, New Zealand (Alicata and
McCarthy, 1964), England (Sandars, 1957),
New Orleans, Puerto Rico (cited by Woallace
and Rosen, 1965), Brazil, Netherlands, Germany
(cited by Alicata, 1965), Egypt, Yemen, Sudan,
Turkey (Kuntz and Myers, 1964), Amami
Islands (Nishimura ez al, 1964 ; Kawashima
et al., 1965), and Kyushu, Japan (unpublished).
This would indicate that A. cantonensis is pre-
sent primarily in tropical and subtropical areas,
as in the Pacific and Southeast Asia including
the islands in Indian Ocean.

The Ryukyu Islands consist of 140 islands
and islets and form a chain of islands located
between 24°N. and 27°N. latitude. The nor-
thern-most island is close to Amami Islands,
and the southern-most island of the chain is 40
miles east of Formosa. Rainfall is heavy with
a yearly average of 82 inches. The yearly
temperature averages 72°F ranging from 89° in
summer to 61° in winter. The relative humidity
averages 76 per cent.

According to Uchida (1963), the following
are species of rodents found in the Ryukyu
Islands :  Rattus rattus rattus, Rattus
vegicus norvegicus, R. norvegicus norvegicus
form.  hibernicus, Mus molossinus yonakuni,
Mus caroli caroli, Diplothriz legata, Tokudaia
osimensis osimensis, and Tokudaia osimensis
However, among these rodents
only R. norvegicus, R. rattus, and Mus caroli
were trapped. R. norvegicus was commonly
found in the sugar cane fields. All R. rattus
were captured in a single house in Okinawa, Num-
bers of R. rattus collected were too few to allow
a valid comparison of prevalence by host species.

Incidence of A. cantonensis in rats from the
Ryukyu Islands is not as high as in the Hawaiian
Islands (Wallace and Rosen, 1965), Society Is-
lands (Wallace and Rosen, 1965), New Caledonia
(Alicata, 1963), and Cook Islands (Alicata,
1964). However, the results suggest that A.

nor-

muenninki.
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cantonensis is widely distributed in the Ryukyu
Islands.

Prevalence of A. cantonensis by sex and size
of the host was previously reported by Wallace
and Rosen (1965) in their studies of rats materials
from Hawaiian and Society Islands. The present
results are in agreement with the above report.

It is of interest to note that in general there
were slightly more female than male worms in
both rats. This result corroborates the findings
by Weinstein ez al. (1963) and Nishimura (1966)
that the female worms could be recovered
slightly more frequently than the male from
experimentally infected albino rats,

Most rats harboring A. cantonensis were
trapped in the sugar cane fields, but an infected
rat was captured in a house located in the center
of Naha City as well. Kuntz and Myers reported
that the infection was found in rats captured in
gardens or lots within the city limits of Taipei,
Formosa.  This in agreement with the
observations of the author who found some
rats from the center of Honolulu severely in-
fected with A. cantonensis (unpublished).

The relationship between the gross lesion of
the lungs and the location of presence of A.
cantonensis in the pulmonary artery was studi-
ed by the author (1966) in experimentally
infected albino rats. The most frequent lesion
is in the diaphragmatic lobe of the right lung.
Adult worms were commonly present in the trunk
of the pulmonary artery and in its branches in
the diaphragmatic lobe. This relationship was
observed also in those naturally infected wild
rats from the Ryukyu Islands,

is

Infective Larvae of A. cantonensis in Mollusks -

Since Mackerras and Sandars (1955) found
that the slug, Agriolimax laevis acted as an
intermediate host for A. cantonensis, various
kinds of slugs and land snails have been found
to serve as intermediate hosts. Recently, the
molluscan intermediate hosts for A. cantonensis
were reviewed by Alicata (1965). As found
in his review, Laevicaulis alte was reported
as a natural intermediated host for A. canto-
nensis in Hawaii and New Caledonia under the
name of Veronicella alte or Veronicella leydigi
(Alicata, 1962, 1963).  According to Kondo,
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however, Laevicaulis alte is the latest accept-
ed name of the slug (personal communica-
tion). From among the Ryukyu Islands,
Laevicaulis alte is found in large numbers on
the islands of Iriomote-jima, Ishigaki-jima, and
Miyako-jima, but is not seen on Okinawa.
On the other hand, numerous giant African
snails are found in Okinawa and Miyako-jima.
This snail is said to be present on the island
of Ishigaki-jima, but not in Iriomote-jima. At
present, therefore, it is most likely that the
wild slug, Laevicaulis alte serves as a natural
intermediate host for A. cantonensis on the
islands of Iriomote-jima, Ishigaki-jima, and
Miyako-jima, while the giant African snail
serves as the intermediate host in Okinawa and
Miyako-jima. It may be possible, however,
that other mollusks would be recognized as the
natural intermediate hosts in these areas.

As Wallace and Rosen (1965) have pointed out,
it is possible that the third-stage larvae of
many known and undescribed metastrongylid
nematodes exist in the mollusks. As a matter
of fact, the infective larvae of cat lungworm,
Anafilaroides rostratus, can be found easily in
the body of the giant African snail and are
quite similar to those of A. cantonensis. Alicata
(1963), additionally reported that the infective
larvae of A. rostratus can be differentiated
from those of A. cantonensis on the basis of
the longer body and esophagus, and in some
cases, the position of the genital primordium.
Furthermore, the infective larvae of A. rostratus
do not migrate to the central nervous system of
rats or mice as do those of A. cantonensis
(Alicata, 1963).  Unfortunately, there were
no available albino rats in Okinawa at that
time and the author was compelled to feed
larvae recovered from the mollusks to laboratory
Although A. cantonensis cannot mature
in mice, the infective larvae do congregate
in the central nervous system of the rodent
(Mackerras and Sandars, 1955). No other
metastrongylid nematodes, which migrate to
the central nervous system, have been found
in Laeviculis alte or in the giant African snail.
Therefore, it is probable that the infective
larvae recovered from the mollusks had migrated

mice.

(236)

to the central nervous system in the mice are
those of A. The first successful
recovery of the larvae was made by the author
in the Ryukyu Islands.

As far as known by local physicians, no
case of eosinophilic meningoencephlitis has been
noted among the inhabitants of the Ryukyu
Islands.

cantonensis.

Summary

One hundred and thirty rats of 2 species,
Rattus norvegicus and R. rattus, from islands
of Okinawa, Miyako-jima, Ishigaki-jima, and
Iriomote-jima in the Ryukyu Islands were ex-
amined for the rat lungworm, Angiostrongylus
cantonensis. This parasite was found in rats
from all of the islands. Miyoko-jima and Ishi-
gaki-jima are new localities of A. cantonensis.
Of 55 rats, R. norvegicus, from the various
parts of Okinawa, 8 showed A. cantonensis
(14.59%). The rats from four islands were
found harboring A. cantonensis in 15.8 % on
the average.

A wild slug, Laevicaulis alte, was commonly
found on the islands of Iriomote-jima, Ishigaki-
jima, and Miyako-jima. The giant African
snail, Achatina fulica, was very common in
Okinawa and Miyako-jima. From these mol-
lusks, a number of the third-stage larvae,
morphologically identical to those of A. can-
tonensis, were recovered by artificial digestion
methods. Many of these larvae were found in
the central nervous system of the laboratory
mice which were fed with the third stage larvae
4 days prior to autopsy. From the above
experimentation, it can be concluded that the
probable infective larvae was that of A. canto-
nensis. The slug, Laevicaulis alte, and the
giant African snail, Achatina fulica, therefore,
serve as the natural intermediate hosts for the
parasite in the Ryukyus. Up to the present, no
case of eosinophilic meningoencephalitis has been
observed in the Ryukyu Islands.
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