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PREFACE

The primary cause of eosmophilic meningitis or eosinophulic meningoencephalitis
in humans in the Asia.Pacific area Is the invasion of the central nervous system by larval
stages of the nematode Angiosirongylus cantonensis. This species along with A. macken ’asae
and A. malaysiensis are found in Eastern Asia and Australia, and all are natural parasites
in the lungs of rats . Snails and other mollucan groups serve as intermediate hosts and sources
for human infection.

A great deal has been published on the parasite and disease since Dr. Leon Rosen
and his associates incriminated A. cantonensis as a cause of the eosinophilic meningitis.
In recent years, however , new information has become available through studies done by
biomedical scientist from endemic areas in Eastern Asia. New species of Angiostrongylus
have been described and differen ces in strains of the parasite determined. New intermediate ,
definitive and paratenic hosts have been identifie d and consequently new data on transmission
have become available. Detailed morphological features have been described and important
data on host ecology and geographic distribution of the parasite and the epidemiology
of the disease reported. Critical information on the clinical aspects of the disease and
diagnosis have been reported , along with new findings on the pathology , immunology
and host-parasite relations.

The purp ose of this publi cation is an attempt to present an update on Angiostrongylus
and angiostrongyliasis in Eastern Asia and Australia. Older information has been reviewed
and newer fmdlngs presented and discussed. The papers have not been written with any
particular group in mind and it is hoped that the material presented will be of value to
parasitologists, physicians, epidemiologists, public health workers, ecologists , educators
and other biomedical and paramedical scientists in the region .

In addition to the authors who contributed to this monograph, deep appreciation
is also extende d to Ms. Marisa Chao of the NAMRU.2 Publications Office who spent countless
hours preparin g the manuscripts for publication , proofreading and correcting manuscripts
and galleys, and the myria d of other tasks associated with having a monograph of this type
published. Many than ks are also extended to Ms. Loretta Chen and Mrs. Jannie K. Lee,
Ms. Uly Wang and to Lt. John W. Hall of NAMRU-2 for their invaluable assistance in the
preparati on of manuscripts and for making arrangements for publication . Furthermore , •

the publication of this monograph would not have been possible without the encouragemen t ,
support and guidance of Captain Kurt Sorensen , Commanding Officer of NAMRU.2.

John H. Cross

Taipei, Taiwan
Januaiy 1979
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INTRODUCTION TO STUDIES ON ANGIOSTRONGYLIASIS
IN EASTERN ASIA AND AUSTRALIA

LEON ROSEN

Research Corpora tion of the University of Hawaii
Honolulu , Hawa ii

Angiostrongylus cantonensis, a metastrongylid nematode of rats, was first recognized
as an important cause of human illness about 20 years ago— some 25 years after the parasite
itself was discovered (Chen, 1933) in the course of routine parasitologic examination of
domestic rats trapped in Canton , China. Despite prior elucidation of its life cycle and unusual
path of migration through the central nervous system of vertebrates (Mackerras and Sandars,
195 5), it was not until outbreaks of an unusual type of meningitis of unknown etiology
were observed on Pacific islands that the significance of A. cantonensis as a human pathog en
was perceived. The meningitis seen on the islands was characterized by a pleocytosis
consisting in large part of eosinophilic leucocytes , and hence this previously unknown epidemic
disorder was termed eosinophilic meningitis (Bailey, 1948; Franco et aL , 1960; Rosen et
al., 1961). Epidemiolog ic investigations of the outbreaks led to the discovery of A. cantonensis
in the brain of a fatal case of eosinophilic meningoencephalitis (Rosen et aL , 1962) and the
incrimination of the parasite on epidemiologic grounds (Rosen et aL , 1967) as the causative
agent of the Pacific disease. It now is known that human illness produced by A. cantonensis
is far more common on the Asian mainland (Punyagupta et a!., 1970) than on Pacific
islan ds and it Is of interest to consider why Its importance was first recognized in the latter
area. A plausible explanation is that because of the limited flora and fauna of Pacific islands
relatively few infectious diseases of man occur there . This contrasts with the Asian mainland
where the abundance of infectious diseases and helnilnths parasitizing man creates difficulties
in differen tial diagnosis and in the detection of previously unrecognized clinical entities.
Actually , A. cantonensis was first associated with human disease in Taiwan in 1944 (Nomura
and Un , 1945; Beaver and Rosen, 1964). However , the report was published in Japanese H
in a Taiwanese medical journal of limited circulation in wartime and this description of
a single fatal case remained either unknown , or of unappreciated signifi cance , until many
years later.

As the clinical manifestations caused by A. cantonensis began to be studied in Asia
(Punyagupta a: aL, 1975; Yb, 1976), anomalies were noted in the geographic distribution
of the disease In man as compared with the geographic distribution of the parasite in rodents ,
and in the pathogenicity of various strains of ‘~A. cantonensis” for laboratory primates
(Cross, 1979). InvestIgation of these unexpected fin dings led to the discovery of another

--  --
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species of Angiostrongylus, closely related to cantonensis, but apparently much less pathogenic
for lower primates and , probably, man, (Bhaibulaya and Cross, 1971).

It also should be noted that another newly recognized human disease due to a parasite
closely related to A. cantonensis has recently been discovered in Central America (Morera
and Céspedes, 1971). In view of the large number of species included in Angiostrongylus
and related genera it would be surprising if other species were not eventually recognized
as pathogenic for man.

This monograph will bring the reader up to date on the latest findings on angiostrongy.
liasis in Eastern Asia and Australia. Unfortunately, there is a large lacuna. This concerns
the epidemiology and clinical Importance of the parasite in the country in which it first
was discovered mainland China. In view of recent political developments , it probably will
not be too long before this deficiency is remedied.
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MORPHOLOGY AND TAXONOMY OF MAJ OR ANGIOSTRONGYL US SPECIES
OF EASTERN ASIA AND AUSTRALIA

MANOON BHAIBULAYA

Facu lty of Tropical Medicine, Mahidol University Bangkok, Thailand

NOMENCLATURE

The genus Angiostrongylus was erected for Strongylus vasorum (Baillet, 1866) by
Kamenskii (1905). Dougherty (1946) in describing A. gubernacukitus, established 5 new
combinations , placing the following in the genus Angiostrongylus, in addition to A. vasorum:
Haemostrongylus raillieti (Travassos, 1927), Fa nzstrongylus tateronae (Baylis, 1928), Ro-
dentocaulus ondatroe (Schulz et a!., 1933), Pulmone,na cantonensis (Chen, 1935), Cardionema
ten (Yamaguti, 1941). Schulz (1951) established two genera , namely, Rattostrongylus and
Angiocaulus, and transferred A. cantonensis to the former on the basis of having long
spicules, and A. gubernaculatus to the latter on the basis of the presence of a gubernaculum.
Skrjabin et aL (1952) recognized A. vasorum, A. ra ilhieti, A. tateronae and A. ten as belonging
in the genus Angiostrongylus, but retained A. cantonensis in the genus Rattostrongylus,
A. gubernaculatus in the genus Angiocaulus, and transferred A. ondatrae back to the genus
Rodentocaulus. Yamaguti (1961), without mentioning A. ten, accepted the classification
proposed by Skrjabin e: aL (1952), and added A. blarini (Ogren , 1954), and A. soricis
(Soltys, 1953), to the genus Angiostrongylus. p

Ash (1967) proposed that the genus Angiostrongylus to consist of A. vasorum, [
A. ra ilhieti, A. rateronae, A. cantonensis, A. ten, A. blarini, A. soricis and added A. chabaudi
(Biocca, 1957) and A. michiganensis (Ash, 1967). He proposed that A. ondatrae and A.
gubernaculatus remain in the genera Rodentocaulus and Angiocaub4s, respectively. B~ai3 ulaya
(1968) described A. mackerr asae and followed Ash (1967) in placing A. cantonensis in
the genus. Alicata (1968a), in describing A. sandarsae, suggested in line with Dougherty
(1946), that the presence of a gubernacu lum was not of generic significance and transferred
A. ondatrae and A. gubernaculaus back to the genus Anglosirongylus. The description
of a gubernaculum in A. canfonensis (Alicata , I 968b) provided further support for this Lsuggestion .

Drozdz (1970), based mainly on the chara cters of lateral and dorsal rays and the
habitat in the definitive hosts , divided 15 specIes of Anglostrongylus reported at that time
into two genera , Anglostrongylus and Stefanskostrongylus. The genus Ang,o:trongykss

. 4 .... 
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comprised of two subgenera. Subgenus Angiostrongylus was for A. vasorum, A. raihieti,
A. gubernaculatus and A. chabau dL Subgenus Pa rastrongylus was for A. tateronae, A.
ondatrae, A. cantonensis, A. sciur i, A. mackerrasa e, A. sandrasae and A. dujardini. The
genus Stefanskostrongylus was established for A. soricis, A. blarini and A. michiganensis.
Following Drozdz’s new combination , 4 new species of Angiostrongylus were described ,
namely, A. schmidti (KinselIa , 1971), A. ,nalaysiensis (Bhaibulaya and Cross, 197 1) , A.
costaricensis (Morera and Cespedes , 1971), and A. minutus (Ohbayashi et aL , 1973). Or~
the basis of possessing markedly reduced dorsal ray, short lateral rays and small simple
filarifor m spicules, Chabaud (1972) established a new genus Moreras trongybis and transferre d
A. costar icennc to this genus. However , these new combinations created confusion and,
moreover , most workers in Asia and Australia preferred calling the nematodes of this genus
Angiostrongylus, partic ularl y , A. cantonensis, A. mackerrasae and A. malayslensis. Therefore ,
the names of the nematodes described herein are from the original descriptions.

Up to the present , 19 species in the genus Anglostrongylus have been reported from
various animals as follows:

(1) A. vasorum, (Baillet\ 1866) in the pulmonary arteries and the right side of the
heart of the domestic dog, Canis famihiaris. ft occurs in Europ e (Ballet , 1866), South America
(Goncalves , 1961) and Australia althoug h the only publishe d record in Australia is based
on the finding of larvae in faeces of a dog showing pulmonary symptoms (Roberts, 1940);

(2) A. railhieti, (Travassos, 1927) in the pulmonary arteries and the right ventricle of
the crab-eating dog, Canis azarge, in Brazil ; Dougherty (1946) suggested that it might be
identical with A. vasorum;

(3) A. tateronae, (Baylis, 1928) in the Kemp jerb oa, Tatera kemp!! in Ibadan , West
Africa. It was found in the stomach, but Baylis (1928) believed that the normal habitat
was in the lungs or airpassages;

(4) A. ondairee, (Schulz at aL , 1933) in the lungs of the muskrat , Ondatre zibethica,
in U. S. S. R.;

(5) A. cantonensis, (Chen, 1935) In the pulmonary arterie s and the right side of heart
of rodents , mainly in the Indo-Asian and Pacific regions;

(6) A. ten, (Ysmaguti , 1941) In the beast of the black-footed marten , Manes mehanpus
melampus, In Japan;

(7) A. gubernacuhitu,, (Dougherty, 1946) in the heart of the badger , Taxidea taxus
negkcta and the striped skunk, Mep hiti, meph htis holzneri, in California , U. S. A.;

(8) A. blarini, (Ogren, 1954) encysted In the lungs of ~he short-tailed shrew, Blarir ~
brevicauda, In Illinois, U. S. A.;

(9) A. oricls, (Soltys, 1953) hi the lungs of the shrew, Sore.x minulus. In 1~ 1and;
(10) 4. chabaudl, ( Blocca , 1957) in the pulmonary arteries and heart of the wild

cat, Fells silvewls, In central Italy;
(11) A. sciurl, (Merd ivenci , 1964) from the pulmona ry arteries of the squirrel ,

Sclurus vuL~~ls, In Turkey ;
(12) A. michiganensis, (Ash, 1967) in the bronchioles of the shrew, Sorex clnereus

cinereus. in MIchIga n , U. S. A.;

- 5 -  
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(13) A. sandarasae, (Alicata , 1968) in the pulmonary art eries of rodents , Mastomys
natalensis and Gerbil tarera, in Mozambique , East Africa ;

(14) A. mackerr asee, (Bhaibulaya , 1968) in the pulmonary arteries and the right
side of heart of the rat , Rattus fuscipes , in Queensland , Australia;

(15)  A. du/ardini, (Drozdz and Doby, 1970) in blood vessels of the lungs of wil d
rodent , Clethrlonomys glareolus, in South France ;

(16) 4. schmidt!, (Kin sella , 1971) in thc pulmona ry arteries of the rice rat , O~yzomys
pa lustr is, in Florida , U. S. 

~~
.;

(17) A. malaysiensis, (Bhaibu laya and Cross , 1971) in the pulmonary arteries of R.
/ alor ensis in Ma laysia;

(18) A. costaricensis, ( Morera and Cespedes , 1971) in the mesenteric arteries of the
cotto n rat , Sigmodon hispidus, in Costa Rica and other Central American countries ;

( 19) A. minutus, (Ohbayashi et aL, 1973) in the lungs of the Japanese shrew mole ,
Urotrichus talpoides, in Japan.

ANGIOSTRONGYLUS SPECIES IN EASTERN ASIA AND AUSTRALIA

In Eastern Asia and Australia 3 species of Angiostrongylus have been recorded ,
namely, A. cantonensis (Chen, 1935)

A. ,nackerrasae (Bhalbulaya , 1968)
A. malaysiensis (Bhalbulaya and Cross , 1971).

Anglostrongyhis cantonensis

l’yp e host : Rattus norvegicus and Rattus rattus
Other host: Various species of rats
Location in host: Pulmonary arteries and right side of heart
Morphological deactlptlon: Body Is filariform and tapers slightly at both ends. Epidermis
is smooth and bears tra nsverse strla e ; tr ansparent when alive. The head Is simple possessing
3 lips; one dorsal lip which has 2 submedlan paplilne; 2 subventral lips, each has I submedian
papilla. At the base of the lips are 8 papillae which are grouped In pairs corresponding to

4 the 4 submedlan angles . Cervical papillae are present ; each situates laterally on the dorsal
surface of the body dose to the oesophago-lntestinal junction. Buccal capsule Is absent;
the mouth is seen opening directly into the oesophagus, which Is widened before joining
the intestine.
Male : Caudal buria is well-developed , kidney-shaped, single lobed (Fig. 1). The arrangement
of the bursa l rays is as follows: ventral ray branched at a point two-thirds of Its length
into a small ventro-ventral and a larg e latero-ventral ray. Lateral rays arise from a common

— 6 —
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trunk , the antero-lateral ray is thicker than the others and projected like a thumb, the medlo-
lateral ray and postero -Iatera l ray usually originate as a common trunk , the postero4ateral
ray is norma lly shorter than the medlo-latera l ray and sometimes reduced to a stump.
Externo -dors al ray is simple and arises from between the lateral and dorsal rays. Dorsal
ray is variable , emerging as a short trunk , terminating in several small digitatlons. Spicules
are equal , slender and with conspicuous str iations. Gubernaculum is present.

A. can tonensis A. mackeerasae A. malaysiensis

H
Figure 1. Posterior end of Angiostrongylus species of Eastern Asia and Australia

showing bur sae and rays.

Female : In living specimens , the milky white uterine tubules are spirally wound around
the blood-filled intestine and can be seen through the transparent cuticle as a “barber’s
pole” pattern. A single thin-walled vagina commences at the junction of the uterine tubules,
extends posteriorly and opens at the vulva. The poster ior end of the female at the tip of
the tail has no minute proj ection (Fig. 2).

A. cantonensis A. mackenuase A. nsala’yslenzis

FIgure 2. PosterIor end of female Anglostrongylus species of Eastern Asia and
Australia.

— 7 —
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Angiostrongyb4s mackenusae

Type host: Rattus f iisc4,es
Other host: Melomys cervhilpes

Raf lus norvegicus
Location In host: Pulmonary arteries and right side of heart

Angiostrongylus malayslensis

Type bait: Rattus /JFOPenSLT

Other hod: Various species of rats
Location in host: Pulmonary arteries and right side of heart

The morphology of both A. mackenuase and A. malaysiensis have many common
features with A. cantonensis, such as size, general appearance, lips, cephalic papillae,
gubernachium, and dorsal rays. Nevertheless, the 3 species have some significant differences
regarding the following characteristics (Table 1):

Table t

Morphologic differences amongy Angjostrongyhis cantonensis,
Angtosn-ongyhis mackerrasac and Anglostrongylus malaysiensis

A. cantonensis A. mackenvzsae A. malayssensis
Male

Spicule : length (mm) 1.00-1.46 0.40-0.56 0.80-1.20

Separation of ventro-ventral and dIstal 2/3 dIstal 2/3 1/2 — less than

latero -ventral ray s from common trunk proximal 2/3
length of postero-lateral ray in shorter same length or shorter

comparison to medlo ateral ray even longer

Female

Vagina length (mm) 1 .50-3.25 0.75-1.81 1 .08.1.94

Minute projection at tIp of till absent long short

— 8 —
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1. Spholes: A. cantonensis has the longest spicule (1.00-1.46 mm), whereas
A. mackerraxe has the shortest splcule (0 46-0.56 mm). The spicule length of A. makysiensis
Is- Intermediate between those of the previous species (0.804 .20 mm).

2. Ventral ray : The ventral rays of A. cantonensis and A. mackenasae are
similar ; the small ventro-ventral ray and large latero -ventra l ray originate at a point about
distal two-thirds of the common trunk, in A. malaysiensla the ventral ray branches at a range
from half of the common trunk to less than proximal two-thirds.

3. Postero-leteral ray: The postero-lateral rays of A. cuntonenszs and A. ma-
bysiensls are similar; they normally are shorter than the medlolateral ray and sometimes
reduced to a stump. In contrary the posterolateral ray of A. mackemzsae usually has
approximately the same length as the medlo-lateral ray and sometimes even longer (FIg. I).

4. Length of vagina : The length of vagina correspondes to that of the splcule
of the respective species. A. cismonensis possesses the longest vagina (1.50-3.25 mm),
whereas A. mackerrasae possesses the shortest vagIna (0.75-1.81 mm). The length of vagina
of A. malaysiensis is intermediate between those of the previous specIes (1.08-1.95 mm).

5. The female tall (Fig. 2): A. cantonensis does not possess any protuberances
at the tip of the female tail , whereas female A. macketrasae have a long minute projection
at the tip of tail . Female A. malayslensis has a minute projection at the tip of tail but shorter
and stouter than that of A. macknrasae.

UFE CYCLE

Angiostrongy his canton ensis

Mackerras and Sandars (1955) elucidated the life cycle of “A. cantonensis” in the
laboratory In Brisbane, Queensland, Australia. However , it was later shown that the species
used In their experiments were most likely A. inackernixe (Bhalbulaya , 1975).

The life cycle of A. can f onensis Is an indirect type; an intermediate host is required
for some larval stages to develop. The adult males and females live in the pulmonary arteries
and the right side of the heart of rodent definitive hosts. After copulation the females

• lay e~~s which are lodged in the small capillaries of the lungs and develop into the first-stage
larvae. The first-stage larvae migrate directly from the respiratory tract to the alimenta ry
tract and pass from the definitive host In the faeces. Various species of molluscs serve as
Intermediate hosts. The first-stage larvae gain access to the molluscan In termediate host
either by direct penetration or by Ingestion. The larvae moult twice in the muscular tissue
and become the second-and third-stage larvae between 7 to 9 and 12 to 16 days , resp ectively,
after infection. Third-stage larvae retain the sheaths of the first and second Stages and
are Infective to the definitive host . The rodent definitive hosts acquire infection through
the oral route, the larvae enter the circulation and the majority of the infective third-stage
larvae reach the brain in one or two days. Within the brain tissue the larvae migrate to the
olfactory lobes and the cerebral hemispheres. During migration the third moult occurs

-

• 

_ _ _ _ _ _ _ _ _ _ _ _ _ _



-
~.

- w ~~~~~~
- -

r

between 4 to 6 days and the fourth-stage larvae leave the sheath behind. The final site In
the brain is the subarachnoid space where the larvae moult for the fourth time between
7 to 9 days after Infection and become fifth-stage larvae or young adults. The young adults
leave the sheath In the subarachno id space and approximately 10 days after the fourth
moult they migra te to the pulmonary arteries. The young adults reach the pulmonary
arteries between 26 to 29 days after infection . Most of the worms reach maturity in the
pulmona ry arteries , but some males are found to reach maturity while still in the subarachnoid
space . The prepatent period ranges 42-45 days postinfect lon (Fig. 3).

(
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FIgure 3. LIfe cycle of Angioshongybu cwUonensis.
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Anglostrongylus macke,rasse and Angioslrongyb4s maIt~ysiensls

The life cycles of A. mackerrasae and A. malaysiensi, are similar to that of A. cantonensis
and the following indicates the comparable significant developmental events (Rhalbulaya ,
1975; 1Am and Ramachandran, 1979):

A. cantonends A. mackenvaj e A. makydsnsls
(day) (day) (day)

1st moult 7.9 7-10 5-7
2nd moult 12.16 12-16 9-12
3rd moult 4-6 6-10 4-6
4th moult 7-9 10-I l 8-12
Reach pulmonary arteries 26-29 25-26 24-28
Fiepatent period 42-45 40-42 32
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ANGIOSTRONGYL IASIS IN INDONESIA: A REVIEW*

W. P. CARNEY AND E. E. STAFFORD

U. S. Nava l Medical Research Unit No. 2
Taipei . Taiwa n , Republic of China

and
The Uniformed Service University of the Health Sciences

Bethesda, Maryland. U. S. A.

Angiostrongylus cantonensis was first incriminated a~ a cause of eosinop hilic meningitis
of man in Asia by Nomura an d Un (1945). Appr oximately J O years later human cases
of eosinophilic meningitis with suspected etiology being A. canlonensis were recorded from
Indonesia (Smit. 1962 and 1963). Since then pa rasito logists have sporadica lly and focally
examined rodents and mollusks throug h the arc hipelago in search of larval and adult stages
of rat lungwor ms. The current state of knowledge concern ing angiostrongy liasis in Indone sia
summarized in this revie w ind icates that this zoonosis is widespread and well establishe d
throughout the archipelago.

HUMAN CASES

Sumatr a . Human cases of eosinophi lic meningitis with suspected etiology being A. cantonensis
were first recorded from Kisaran on the east coast of North Sumatra (Fig. 1) during 1954
through 1957 (Smit , 1962; 1963). Smit described 8 cases of eosinophilic mening itis in
Indonesian patients and provided clinical details on 5. All showed eosinophilia of the blood
and cerebrospin al fluid (CSF). Cells in the CSF va ried from 293 to 4,244 per cu mm ,

This study was supported th rough funds provided by the Nava l Medical R esearch and Development
Command . Navy Department for Work Unit MR OO5. 0~~ — 0046 B.

The research deicribed In thi s repor t involved an imals main ’ajp ed In an imal care faciliti es fully
acc redited by the American Associat ion for Accre ditation of Laboratory Animal Care. -

The opinion s and a.erti ons contained herein are those of the autho rs and are not to be construed
as officia l or aa r.fIectl n5 the views of the Navy Depa r tment.

Address reprin t request s to: Publication s Office . NAN RU-2 . Bo x 14 , APO San Francisco 96263,
or 7-I Kun~ Yuan Road . Taipei , Taiwa n , Republic or China.
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and the percentag es of eosinophi les varied from 30 to 90. One pa t ient had a scverc ~J in i cal
~ou ~~

. with abdominal paIns , short ness of breath , heaviness of the appendage s. paICSiS .

nicitt al disturban ces and incontenence . Symptoms and signs in othe r patients wer e less
severe , but headaches , fatigue , vert igo and facial para lysis were recorded. All the pati ents
recove r ed within 2 to 12 weeks and no residual symptoms were observed , in discussing the
possible etiolo gy Stint noted that recorded cases of eosinophi lic meningitis have 2 distinct
c !k~l )g ies: ( 1) sporadic cases caused by a variety of helininthic infections and (2) endemi c
or ept d cmic cases caused by Angiosnongylus app . He conclude d that the Indonesian cases
probab ly belonged to the second group. Subsequentl y Kwo and Kwo (1968) found A.
ea,ItopzePzsis in Rattus rauus diardif and R. tiomanicus ja lor iensis from the Medan area
ol North Sumatra , thus , corroborating the suspected etiology of human cases teported
earli e r by Smit (1962 and 1963). However , in view of the more recent recovery of A.
r n a lai sj ensjs from R. r. diardii in Medan (Stafford , l976 b) , t he latter lungworm may
also have been implicated in the cases of eosinophilic m eningitis reported by Smit (1962;
1963) .

Ja va . The first and only confirmed case of angiostrongy liasis in Indonesia was recently
reported by Widagdo et aL (1977). A male A. cantonensis was recovered intact from the
ali ter tor chamber of the left eye of a 23.year-oid woman from Semarang, Central Java
(Fig. I ) .  A use ful degree of eye function was preserved following paracentesis. Widagdo et al.
(1977) described this case and the recovered worm in detail . The worm was identified as a
youn ~� ad ult (fifth-stage), male A. cantonensis based on the description of Macke rr as and
Sandars (1955). The possiblity that the wor m was A. malaysiensis. which is also present
in Semarang , Central lava (Car ney et al., 1974) , was r uled out.
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• Figure 1. GeographIc distr ibution of AngiosIrongyh~s can: onensis and Anglostrongyhu
malaysiensis in Indone sia.
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GEOG RAPHIC DISTRIBUTION

The distribution of A. canronensis In the Indonesian arch ipelago is illustrated in FIgure 1.
Infections in rodents and /o r snails have been found in 9 prov inces on 4 major islands:
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Sumatra , Java , Sulawesi and Flores. A. malaysiensis has been isolated from rodents and/or
snails from 4 provinces in Sumatra and from Central Java (Fig. 1).

During the early 1970s thousands of rodents and land snails from throughout the
arc hipelago were examined for appropriate stages of Angiostrongylus spp. However , because
of the small numbers examined from man y localities , negative results may not indicate
the true situation. Nevertheless, in some regions of the archipelago sufficient numbe rs of
ro dents and/or snails were examined. In Central Sutawesi , for example , nearl y 4,000
rodents were examined in conj unction with an intensive study of oriental schistosomiasis
but no Angiosi’rongylus app. were found. In South Sulawesi more than 100 rodents were
examined but none was infected with lungworms. Ukewise, in East Java and in Bail several
hund red snails and 30 rodents have been examined yet Angiostrongylus spp. have not been
found. In Timor 27 of 55 Achatina fulica examined had ang iostrongy lid-like larvae. However ,
these larvae did not develop into adult worms in labo ratory rats (Carney et aL, in press).

Although Angiostrongylus spp. have not been reported from Kalirnantan , A. malay siensis
is endemic in both Sarawak (l im. 1967; 1970) and Sabah (Urn et aL, 1976), Malaysia.
Except for the examination of 21 negative A. fulica from West Kalirnantan (Cr oss, personal
communication) Angiostrongylus spp. have not been sought systematically in Kalirnantan
(In donesian Borneo).

MAMMALIAN HOSTS

Table 1 summarizes records of naturally infected mammalian hosts of A. cantonensis
throughout the Indonesian archi pelago. Nin c species of rodents have been incriminated as
reservoirs of this metast rongy lid lungworm and most are commensal rats (Table 2). The
exceptions are R. bartelsii and R. lepturus which inhabit mountain forests of West Java.

The preva lences of A. cantonensis in rodents species varied considerably (Table 3).
Bandicota indica setifera and both subspecies of R. tiomanicus were the most frequently
infected. R. argen ilventer, R. exulans and R. norvegicus were considered important in
maintenance of A. cantonensis. R. r. dlardii and the 2 mountain species, R. bartelsil and
R. lepturus, appea red to be the least involved in this zoonosis. When the same species
occurred in both Java and Sumatra infection rates were always higher in Sumatra than
in Java .

C 

Data on the intensity of A. cantonensis infection s in Indonesian rodents are meager
wit h only 3 pap ers providing quantitative information (Kwo and K~~ , 1 968: Margono an d rIlahude , 1974; Urn et a!., in press). In R. r. diardii from Medan , North Sumatra , the mean
worm burden was I I  and this relatively high figure accompanied a very high infection rate •

(55% ) in R. r. diardu (Kwo and Kwo , 1968 ). The average infection rate in this roden t species
was much lower , 6% . In South Sumatra , Lam pung and Jaka rt a mean worm burdens were
low , 3.5 , 4.5 and 4, resp ectively.

16 --



• — -a.
_ w —

Table I

Records of Angiostrongyhis cantonensis in Indonesian Rodents

Host species Locality Source

Bandicota indica seilfer a Jakarta , West Java Stafford et aL. 1976*
Surakarta , Central Java Stafford et aL, 1976*

Rattus argenilven:er Jakarta , West Java Margono and Ilahude , 1974
Baturaja Martapura , South LAm ci aL , In press

Sumatra

Rattus ban d s/i West Java Carney ci aL, 1974
Wiroreno, in press

Mt. Masigit , West Java Van Peenen et aL, 1974
Cibodas , West J ava Van Peenen ci *1., 1974

Rrittus exukns West Java Carney, ci aL, 1974
Cibuni, West Java Carney ci aL, in press
Semarang, Central Java Carney ci a!., In press
Baturaja , South Sumatra Carney et aL , in press
Baturaja Martapura , South Urn at a!., in press

Sumatra
Way Abung III , Lampung Stafford ci aL , 1976b
Mulyorejo , Way Abung III , Urn at a!., in press

Lampung
Pagar Dewa, Lampung Carney ci aL , In press

Rattus leptunis Cibodas, West Java Carney at a!., In press
Rattus norvegicus Jakarta , West Java Margono and Hahude, 1974

Carney ci aL, In press
West Java Carney at aL, 1974 ~• 

-

Rattus rattus dlwviIi Medan , North Sumatra Kwo and Kwo, 1968
Carney et a!., 1974
Stafford ci aL, l976b

Baturaja , South Sumatra Stafford ci a!., l976b
Baturaja , Martapura , South Urn at a!., In press

C Sumatra 
• 

-

Mulyorejo , Way Abung HI , Urn ci a!., In press
Lampung

Lubuk Un~~au , South Sumatra Stafford ci a!., 1976b
Sungal Tambangan, West Sumatra Carney ci a!., In press
Way Abung 10, Lampung Carney ci a!., In press
Bogor , West Java Wtroreno , 1975
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Table I (Continued)

Host species Locality Source

Jakarta , West Java Margono and ilahude, 1974
Stafford at a!., 1976*
Camey ci a!., in press

Pasuran , West Java Carney at a!., in press
West Java Carney ci a!., 1974

Wiroreno, In press
Rattus tiomanicus rokuei West Java Carney ci a!., 1974

Cibuni , West Java Carney et a!., in press

Rattus tiomanicus Way Abung 111, Lampung Stafford et a!., 1976b
Ja lorlensis Baturaja Martapura , South Urn et a!., in press

Sumatra
Mulyorejo , Way Abung III, Urn at al., in press

Lampung
Medan , North Sumatra Kwo and Kwo , 1968

Table 2

Mammalian hosts of Angiostrongylus spp. in Indonesia

Rodent species Common name Habitat Preferences

Bandkora End/ca set/fer n Large Bandicoot Rat Gardens, Sawah, Scrub
Rattus argentlventer Rice/kid Rat Gardens, Sawah
Rattus ban d s/i Rat Primary mountain forest ,

Sawah occasionally
Rattus exu&lns Little Pacific Rat Houses, Gardens , Scrub,

Sawah, Secondary forest
Rattus lepturus Rat Primary mounta in forests
Ratius norvegicus Norway Rat Houses , Gardens

C Rattus ij omanicus /qlonlensj c Malaysian Field Rat Gardens , Scrub,
Secondary forest

Railus tiomanicus rokuel Malaysian Field Rat Gardens , Scrub , Secondary
forest

Rattus rati us digrdIj Malay sian House Rat Houses, Gardens , Scrub

Conflrmed hosts of both A. cantonensis and A. malaysiensis In Indonesia .
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Table 3

Infection rates of Angiost non gylus cantonen tis in Indonesian rats.

No. examined Percent positive

Java Sumatra Overall
Bandicota m d/ca set/lena 97 44 — 44
Rattus urgent/venter 16 21 50 25
Rattus barteisli 62 3 — 3
Rattus exulans 34 21 25 21
Rattus lepiwus 10 10 — 10
Rattus norveglcus 142 15 — 15
Rattus rat/ us diardu 522 4 12 6
Ratf us tiomanicus Jaloniensis 54 — 43 43
Rattus tiomanicus rokaiei 2 50 — 50

Figures derived or taken from the following papers: Carney et a!., in press; Urn ci a!.,
in press; Stafford ci a!., 19 76*, l976b ; Margon~o and ilahude , 1974; Wiroreno, 1975 ,
in press; Kwo and Kwo , 1968.

In Medan , North Sumatra Kwo and Kwo (1968) also reported a high mean worm burden
(16) In R. t. / alonknsj s. However , in South Sumatra and Larnpung mean worm burdens
in this same roden t species were much less, 2.3 and 5.5, respectively (Urn at a!., in press).

in Jakarta , Margono and Ilahude (1974) reported that 3 R. urgent/venter infected
with A. cantonensis averaged 2 worms per ra t and 8 £ norvegicus averaged 7 worms per
rat . Regrettabl y, other studies of angiostrongy liasis in Indonesian rodents failed to record
any information on the intensity of lungworm infections.

In 2 earlier reports on angiostrongyliasis In Indonesian mammals. (Carney ci a!.,
1974; Stafford et a!., 1976*), R. fulvescens was listed as a host of A. cantonensis In West
Java . The mammalian specimen In question has since been re.examined and is now considered
R. lepturus, not R. fulvescens.

Eight of the 9 rodent reservoirs of A. cantonensis in Indonesia occur in Java . In
metropolitan Jakarta alone 4 rodent species are known to serve as reservoirs, namely,
B. L set/fer n, R. urgent/venter, R. norveglcu and R. r. dkardlL This Is a reflection of the
Intensity with which rodents have been examined for zoonotic diseases on Java , and , in
partIcu lar , metropolitan Jakarta , more than an indication that angiostrongyliasis Is more
established on Java than elsewhere In Indonesia.

C A. nialaysiensis has been recovered from 3 rodent species: R. r. diardli, R.. e’xulans
and R. r. /alonlensis Lu 3 provinces of Sumatra , namely, North Sumatr a , South Sumatra
and Lampung (Table 4). MIxed Infections of A. cantonensis and A. ma&iysiensls occurred
In all 3 provinces. A. m~IayslensIs infection rates in rodents are summarized in Table 5.
As in the case of A. cantonensis, R. t. /alonlensls was most often infected and Infections
were found least often In R. r. diardil.

When Kwo and Kwo (1968) reported Angiostrongyhis In indonesian rodents, all rat
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lungworms In Asia were considered to. be A. cantonensis. In view of the high rates of mixed
infections of A. cantonends and A. m,kyslent/s that recently have been reported in Sumatra
(Stafford ci a!., 1976b; Urn at a!., In press), the Angk’swonji4u reported by Kwo and
Kwo In the Medan area of North Sumatra may well have been A. cantonensis as well as
A. malayslensis.

Table 4

Records of Anajos trongybas mabysiensis In Indonesian Rodents

Host species 1.ocality Source

Rattus rat /us diardli Medan , North Sumatra Stafford ci .2, 1976b
Lubuk, Linggau, South Sumatra Stafford cc a!., 1976b
Baturaja , South Sumatra Stafford at a!., 1976b
Baturaja Martapura , South Urn et a!., In press

Sumatra
Way Abung Ill, Lampung Stifford at a!., 1976b

Rattzra exulans Way Abung m, Lampung Stafford at a!., I 976b
Rat/us tlomankiis Way Abung m, Lampung Stafford et a!., 1976b

fakwlensi, Baturaja Martapura, South Urn ci a!., in press
Sumatra

Utbuk Llnggau, South Sumatra Stafford ci a!., l976b

Table S

Infection rates of AngIOStrO.IgY*SS nwiaya’ensIs In Indonesian rats.

No. examIned Percent positlve

Rattus exulans 13 15
Ratnu ruif ta disrdli 174 6
Ratius tlomaniaa $~~~~~ssji 34 24

S~~ig~j~~~ derived or taken fro ij the fdflowisig papers: thu et a!., in press; Stafford ci
aL. 1976b.
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MOLLUSCAN HO~rS

Three mollusks have so far been incriminated as Intermed iate hosts .of A. canronensis
in Indonesia (Table 6). Most of the records are from A. f i d i c a  simply because this gastropod
Is an excellent host of A. cantonensis, is plentiful throughout most of the islands and is
easy to collect and transport alive to a central laboratory . In Jakarta the veronicellid
slug, Laeviazulis site, and the large freshwater operculate , F/l a scutata, were examined, and
both Implicated In the maintenance of A. cantonensis infections (Margono, 1970; Margono
and ilahude, 1974).

Table 6

Molluscan Hosts of Angiorn ’ongylus cantonensis In Indonesia

Host species Locality Source

Achatina J Wha Iambi, Central Sumatra Stafford at a!., 1976b
Baturaja , South Sumatra Stafford at a!., 1976b
Lampung, South Sumatra Stafford ci a!., 197~~
Jakarta , West Java Margo no, 1970
Jakarta , West Java (larvae only) Margono and flahude , 1974
Jakarta , West Java Stafford ci a!., 1976a
Ciloto , West Java Carney ci a!.. In press
Sukabumi , West Java Carney at a!., in press
Krawang, West Java Cainey ci a!., in press
West J ava Carney at a!., 1974
Semarang, Central Java Carney ci a!., 1974
Menado, North Sulawesi Carney ci a!., In press
Ende , Flores, East Nun Carney ci a!., in press

Tenggara

LaeWendts site Jakarta , West Java (larvae only) Margono and Ilahude, 1974
F/hz scutata Jakarta, West Java Margono, 1970

Jakarta, West Java (larvae only) M.rgosso and llahud., 1974

Mm gono (1970) reported the first isolat ion of A. enuossenah tInrd.sta~je larvae from
molluskj In Indonesia. Anglostrongylld-llke larvae were found In A. fists ~~llected from
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gardens in Jakarta and from F. scutata collected from ponds and swamps In the region of
Hutan Kapi, Jakarta . In both cases the Identification of suspected angiostrongylid larvae
was confirmed by feeding these larvae to laboratory-reared rats and recovering and identifying
the adult worms. Margono and ilahude (1974) later examined more than 350 mollusks
from the greater Jakarta area and isolated angiostrongylid-like larvae from 35.1% of the
A. fulica, 35.5% of the L alte and 5.9% of the P. scuiata specimens they processed. However ,
no feeding experiments were made to confirm the species of larvae recovered. Wallace
and Rosen (19~9) considere d It impractical to distinguish third-stage larvae of Angj ostrongylus
from those of other metastrongylid nematodes by morphological characteristics alone.
Definitive identifications can be accomplished by feeding larvae to laboratory-raised rodents ,
a procedure that severely limits the number of larvae that can be Identified. However , in
view of the data Stafford at a!. (1976a) reported , e.g., 36% of the A. fluilca in Ancol , Jakarta
being infected with third -stage larvae of A. cantonensis as determined by feeding exper iments ,
the above Infection rates reported by Margono and ilahude In A. fulica, L a14’e and P.
scutata are probabl y reasonably accurate .

Elsewhere in Java, -third.stage larvae of A. cantonensis have been Isolated fiom A.
f ists and confirmed through feeding representative larvae to roden ts.In Ciloto, Sukabunil
and Krawang , West Java (Carney at a!., in press) as well as in Semarang, Central Java (Carney
at a!., 1974). Prevalence rates were not rep orted.

The finding of A. cantonensis third-stage larvae In A. fu lls from Menado, North
Sulawesi and Ende, Flores (Carney ci a!., in press) considerably extended the known distribu-
tion of A. cantoncnsls. Since 25% of the A. fl~llca examined from Menado had A. cantonensis
larvae, this zoonosis appears to be well established in that northern port city. On the other
hand , only 3% of the A. J lilIca examined from Ende, Flores were infected. Anglostrongylid-
like larvae also were found In A. f lslica collected in Kupang, Timor but they did not develop
to maturity when fed to laboratory-reared R. non ’qlciis, Mu, muxuhss and R. exulans
(Carney ci a!., in press).

Margono and ilahude (1974) were the only Investigators to provide data on the
intensity of A. cantonensis Infections in Indonesian mollusks. in 64 A. fulls with larvae ,
considered A. cantonensls on morphological characters, the mean worm burden was 525 ,
ranging from 1 to 6,240, and 22 L. alte averaged 299 larvae , ranging from 2 to 2,296 per
slug. Ten P. scutata had an aver age of 145 , ranging from I to 355, larvae per snail. According
to Margono and flahude (1974) these averages were higher than those reported In the same
mollusks in Sarawak , Malaysia (Urn, 1970) and , at least in the case of A. flilica and L.
cite, these infection rates were much lower than in Oshu , Hawaii (Wallace and Rosen, 1969).

A~ ful l s  Is the only confirmed molluscan host of A. malayslensit larvae in Indonesia
(Table 7). InfectIons have been found In this species front Semarang, Central J ava (Carney
at a!., 1974) and in 3 provInces of Sumatra, namely, IambI, South Sumatra and Lampung
(Stafford at a!., 1976b). In Sumatra, Stafford cc a!. (l976b) reported Isolating A. can-
tonensis larvae from A. fulls in the Provinces of Iambi, South Sumatra and Lampung.
The infection rate was low In Janibi Province (5.5%) , but moderately high in both South
Sumatran (33.5%) and Lampung (28.6%) ProvInces. In all 3 Sumatran provinces mixed
infection of A. cantonensis and A. makyslensis thtrd tage larvae have been recovered
from A. f ulls. In Lampung and iambI 100% of the Isolations from Infected A. fu ilca
were mixed infections.
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Table 7

Molluscan hosts of Angiostrongylus malaynensis in In donesia

Host species Locality Source

Achatina f liuica Semarang, Central Java Carney et a!., 1974
Jambi , Sumatra Stafford at aL , 1976b
Baturaj a, South Sumatra Stafford er a!., 1976b
Way Abung III , Lampung Stafford at a!., 1976b

Freshwater mollusks are consumed, sometimes raw or partially cooked, by many of
the native populations in the outer islands of Indonesia. Pilid snails which were found to
harbor third-stage larvae of A. cantonensis in Jakarta (Margono, 1970) were confirmed as
a major source of human infections in Thailand where most patients with eosinophilic
meningitis gave a history of eating raw or partially cooked pilid snails (Punyagupta ci a!.,
1970). M yet, however , the source or sources of human infections in Indonesia remain
unknown . Interestingly, however , A. f idica in the Indones ian language are known as “Keong
racun (ratjuny’ or “Poison Snails”. The origin of this vernacular name should be researched.
Was it due to an illness associated with eatin g or handling these ubiquitous land snails?

MORPHOLOG ICAi STUDIES

Comparative measurements of A. cantonensls and A. malayslensis from naturally
infected Sumatran rodents were presented by Jim et a!. (In press). They confirmed that
male A. cantonensis differed from A. malayslensis In overall length and spicule length ,
both measure ments being larger in A. cantonensls. Ukewlie, the separation of the ventro-
lateral and the latero-ventral rays from the main trunk aver aged 31.4% In A. cantonensis
as compared to 54.4% In A. malaysien.Ws. Other merist ic and morphological characters
of males were similar In both species. Female A. cantonensis were longer and wider than
A. malaysienaL,; the vaginal length was- also greater in A. cantonensts. The projection at the
posterior end of A. malaydensls was not present in A. cantonensis. Other meristAc and
morpholo gical characters of females were similar In both species.

Margono and flahude (1974) reported mer istic characters of A. cantoncnsls recovered
from lungs and bra in of nat urally Infected R. r. diardli, R. argentlventer and R. norvegicus
In Jakarta, West Java. They also measured significant merlstic characters of A. can f onenals
larvae from 4. fulls, L cite and P. xutata. Meristlc characte rs and morphological features
of both larvae and adult A. cantonensis from Jakarta , Indonesia resembled those given
by Mackerras and Sandars (1955).

Other studies of anglostrongyliasis In Indonesian rodents and mollusks regrettably
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have not documented morphological features or meristic characters of the various an-
giostro ngylid population s encountered.

SUMMARY

Human cases of eosinophilic meningitis with suspected etiology due to rat lungworms
have been rep orted in North Sumatra and one confirmed case of anglostrongyllasis has
been reporte d In Central Java , Indonesia. Anglostrongylus cantonansis has been found in
rodents and mollusks on 4 major islands In the archipelago: Sumat ra , Java , Sulawesa and
Flores. NIne rodents and 3 mollusks have been implicated In the maintenance of this zoonosis.
Angiostrongylus malaysiensis has been found on the islands of Sumatra and Java and in
3 rodent species and 1 land mollusk.
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ECOLOGICAL STUDIES ON A NGIOSTRONG YL US MALA YSIENSIS

(N E MATO DA : M ETASTR ON GYLI DAE) IN MALAYSIA

B. L. LIM* AND C. P. RAMACHANDRAN

Institute for Medical Research, Kuala Lumpur , Malaysia and School

of Biological Sciences , Universiti Sains Malaysia , Penang, Malaysia

INTRODUCTION

In Malaysia , the rat lungworm known prevIously as Angiostrongyhis cantonensis
Chen , was first rep orted In the house rats , Rauus ra ttus diar dü (Jent) and R. exulans (Peale),
by Schacher and Cheong (1960). A preliminary survey of the prevalence of this parasite
in house, field and forest rats (R. r. diardii, R. tiomanicus, R. argentiventer, R. exulans.
R. muellen and RL bower-si) and some molluscan intermediate hosts (Micro pa nnarion
malayanus, Pw7narion sp., and Lempa rula sp.) from various habitats around Kua la Luinpur
was carried out by Urn et aL (1962). Later , LAm et aL (1965), Urn and Heyneman (1965)
and Heyneman and LAm (1965) studied natural infections with this lungwor m in field and 

• -

house rat s and various species of intermediate hosts in different habitats in certain parts of
Peninsular Malaysia. The parasite was found to be widespread among commensal and forest
rats (Lim at aL , 1965; Urn and Heyneman , 1965; Urn , 1967) and was found to be transmitted
by various lan d snails and slugs (Urn et aL , 1965; LAm and Heyneman , 1965; Urn, 1970 ;
Bisseru an d Verghese , 1 970). Freshwater snails have also been found to be susceptible
interme diate hosts (Urn et aL , 1965; LAm and Heyneman , 1965; LAm and Krishn ansamy, 1970).

LAm at aL (1965) foun d slight differe nces in the morphology between the Malaysian
ta xon of A. cantonensis and that originally described by Chen (1935) and by Mackerra s
an d Sanders (1955). Eviden ce of ‘strain specificity among 3 geographical taxa of A.
cantonensis, namely the Thai , Hawaiian and Malaysian ‘strain ’ has been observed by Heyneman

Pru.nt addr us : W. H. 0., V.ctot BioloVcai Contro l R.s.arch Unit , Jakarta, Indonesia.
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and Urn (1965a ; 1966; 1967) and Urn and Heyneman (1968). These studies showed that
previously infected rats developed no marked protection against hetero logous ‘str ains’,
and that there was a high probability that the host was protected against a challenge by
the homologous ‘strain’ . Heyneman and LAm (1966a) and LAm (l970a) in their experimental
infection studies of the tree-shrew (Thpahz gu s) , slow loris (Nycticebus coucang) and
long-ta iled macaque (Macear f ascicularis) with the parasite indicate that the slow loris
seemed to be entirely refractory to Infection , the worm developed in some of the exper imental
maciques but was not patho genic to the animals , and some of the t ree-shrews were killed
by the infection while no worm was found in other tree -shre ws. Cross and Fresh (1969)
demonstrated that the Malaysian taxon could cause a different pathology in animals from
that caused by the Thai and Hawaiian taxa .

Based on these differences in pathogenicity and morphology, Bhaibulaya and Cross
(1971) re.studied the adult worms of the Malaysian taxon and found significant morphology
differences in both male and female worms with that of A. cantonensis from field rats —

of Formosa, thus they re-described the Malaysian taxon as a new species, (A. malaysiensis).
Urn (1975) re-examined Angiostrongylus worms previously studied by Urn et aL (1965),
and agreed with the new description . Subsequently, 1Am (1974) also found forest rats
naturally infected with A. malaysiensis and he postulated that the parasite is indigenous
to Malaysia.

The paras ite has been reported to be pathogenic to man. The first five human cases
of eoslnophilic meningoencephalitls due to this paras ite in Malaysia were reported from
Kuching, Sarawak (Watts , 1969), and the 6th case was found in Kua la Lumpur , P~ninsu1ar
Malaysia (Biueru et aL, 1972). Larval worms were recovered from 3 of these human cases
from Sarawak and Kuala Lumpur. However , the worms recovered in these patients were
not available for re examination and , In both instances , the authors assumed that they
were larvae of A. cantonensis.

The epidemiology of this disease suggests that direct ingestion of certain food of
animal origin was involved in the transmission of the parasite to man . In Thailand, Punyadasni
and Punyagupta (1961) and Punyagupta (1965) discovered that patients with eosinoph ilic
meningoencephalitis had ingested pickled snails, Fd a ampullacea. In the Pacific tropics 

—cert ain infected freshwater cru staceans , prawns , fish, land crabs , when eaten , transmitted
the infective larvae of the parasite to humans (Bailey, 1948; Alicata and Brown , 1962;
Rosen et aL, 1967; Franco at giL, 1960). The giant African snail (Achatina / iillca), common ly
eaten in certain narts of Taiwan (Formosa), has been implicated in several cases of cerebro-
anglost rogyliasls (Hsieh, 1967). Heyneman and Lam (l967a) found that fresh vegetables
In Malaysia may also be involved in the transmission of this parasite to man.

The parasite seldom reaches maturity in man who is considered an accidental host .
In all known human cases, immature worms have been found only in the cerebrum , ce-
rebelium or spinal cord except In the case of a 5-year old female in South Taiwan who
died of the disease, wherein immature worms were recovere d from the brain and spinal cord , j
while mature worms were found in the lungs (Yli et aL, 1968). More recently (Sonakul,
1977) reported a degenerate worm in the lung of a Thai female at autopsy. Immature
worn is have also been recovere d from the eye of infected pat ients (Kanch anaranya and
Punyagupta , 1971 ; Kanchanaranya at aL, 1972).

In view of the fact that the Malaysian taxon of the lungworm is a new species, A.

-
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malaysiensis, and that the parasite may be pathog enic to man , it was considered particularl y
appropriate to investigate (I) the prevalence of the pa rasite In the intermediate and definitive
hosts , (2) distributional pattern of the parasite in Malaysia , and (3) the life-cycle of the
parasite in laboratory-raised snails and Inbred albino Norway ra ts .

- MATE RIALS AND METHODS

Collection of hosts. Findings are based on the examination of 16,948 rodents , 1439
insectivores , and 21 ,016 snails and slugs. Examinations of rodents were made throug hout
Peninsular Malaysia including Sabah and Sarawak , while that of the molluscs were chiefly
made in Peninsular Malaysia , and partly from Sabah and Sarawak . All these hosts were
examined from 1962 throug h 1976.

The molluscs studied include 4 species of land slugs (Microparmari on molayanus,
Laevicaulis alte, Girasia p aguensis and Lampe mla sp.) , 5 species of land snails (Macrochiamys
resplendens, Achatina fulica, Quantula strlata, Subulina octona and Bra dybaena similaris),
and 4 species of aquatic snails (Pila scutata, Bellamya ingailsiana, Indoplanorbis exustus
and Lymnaea rubiginosa). These possible intermediate hosts were all collected from the
same localities as those which rodents and insectivores were trapped. The maximum number
sample d In any specific habitat was 500; the precise numbers are shown in Table 1.

The ro dent hosts examined include 5 species of house and field rats (ft r~ diardil,
R. no~vegIcus, R. axulans, R. tiomanicus and R. argentivanter), a species of insectivore
(Suncus murlnus), 7 species of forest rats (R. muelleri, R. bowersi, R. surifa r , R. annandalel,
R. cremoriventer, R. whiteheadi and R. sabanus), and a species of tree -shrew (Tupaia gE ts).
AIJ these mammalian hosts were trapp ed In different ecological habitats; the precise numbers
examined are shown in Table 2.
Experimental hosts. Three month -old inbred laborato ry albino rats were used for ex-
perime ntal infections with the parasite. Each rat was infected with 300 third or infective
stage larvae recovered from naturally infected slugs and snails. The experimental rats were
divided into 40 groups of 3 rats each. To study larval development each experimentally
infected group of rats was sacrificed daily and the last group killed at 40 days.

Laboratory-raised L. rubiginosa fed infected faeces with first -stage larvae collected
from experimentally infected rats were used for studies on the development of larval stages.
A total of 63 snails were divided into 21 groups of 3 snails each . The first group of ex-
perimental snails was sacrifice d at 24 hours after ingestion of the infected faeces , the second - 

-

at 48 hours , and the last sacrificed at 21 days. Larvae recovere d from snails sacrificed
daily were immersed in 0.85% physiological saline, and preserved in 70% alcohol. The
larvae were cleared in lectophenol .
Host examination. Snail bodies and slugs were cut with fine scissors, dig sted for 4
hours at 3r c in artificial gastric juice, and examined for larvae. Samples of larvae were
periodically used to infect white rats to confirm the Identification of A. malaysiensis,
based on morpholog ical examination of the adults.

Rats were brought to the laborato ry or field laborato ry alive and were killed with
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chloroform . Brain , spina l cord , heart and lungs were removed and searched for worms.
The worms collected were preserved in 5% glycerol in 70~ alcohol . The worms were cleared
in lactopheno l before examination and measurement of the immature , adult and larvae
were made by ocular micrometer.

RESULTS

Molluscen intermediate host. Amongst the 4 species of land slugs collected M. malayanus
is abundant in scrub and oilpalm, while L. alte is abundant in town , scrub, lalang and oilpalm;
both species are also common In other habitats. G. peguensis and Lempenda sp. are confined
to scrub and fringe vegetation (Table 1).

Three of the 5 species of land snails , M. rasplendens, A. fulica and S. octona are
abundant. Ricefields appeared to be a very suitable habitat for all 3 species, although
A. f i~hca was present , it was less common . No S. octona was collected in rubber estates.
Quantula striata and &adybaena similaris are less common (Table 1).

Among the habitats sampled , oilpalm seemed to be the best habitat for all land snails.

Table l 
-

Natural prevalence of third-stage larvae of Angiostrongyhis malaysiensis
in molluscs from various habitats in Malaysia

No. of No. of larva e per
Species of 

H.bH.~ 
molluscs No. Percentage p~sltIve host

mol luscs examined positive positive Average Range

Land Slugs
Mlcrop .rmarlon Town 241 14 5.8 142 5-714

svwI~y nu: S~~ub 500 248 49.6 245 72-1585

Lalang 145 45 31.0 101 3-892

RIc .fkld 17$ 52 29.7 75 12-362

OlIpaim 500 365 73.0 298 101-3878 r
Rubber 12 1 75 61.9 12 1 7-878

Total 1682 799 47.5 236.6 3-3078

—

Lae.4c.ulii Town 500 8 1.6 *2 2-18

Sctub $00 25 5.0 04 45-750
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Table I (Continued 1)

No. of No. of larvae per
Species of 

Habitat molluscs No. Percentage positive host
molluscs examined positive positive Average Range

Lalang 500 34 6.8 - 22 2- 115

Ricefie ld 248 14 5.6 1 4-24

Oilpalm 500 122 24.4 252 1 8-2540

Rubber 251 12 4.8 6 5-28

Total 2499 2 *5  8.6 1 57.5 2.2540

Gfraaa Scrub 500 110 22.0 272 75-84 8
P gU5?t-~4 Fringe 500 127 25.4 268 17-755

Total 1000 237 23.7 269.9 17-848

Lemper ula sp. Scrub 342 32 9.4 14 4421

Fringe ...li ” 11 2.9 8 2-22

Total 710 43 6.1 *2.5 2-121

Land Snails
Macrochlamys Town 500 14 2.8 145 21-872

resplendent Scrub 500 15$ 31.0 183 12.1S42

Lalang — — — — —
Ricefield — — — — —
Oilpalm 500 352 70.4 205 45-258 1

Rubber 500 29 5.8 61 4-135

Total 2000 550 27.5 240.9 4-2581

AcMtbta Town 500 *62 32.4 112 *6-1415
J WIOZ Scrub 500 98 19.6 *7 24-784

Lalang 500 *4 2.8 29 6.48

4 Ricefield 17$ 12 1.7 10 3-18 *
QilpaIm 500 18 3.6 434 242.4*25

Rubber 500 4 0.8 *2 3.16

Total 2675 308 11.5 1*3.8 3-4125

f QUa~ssulg Town — — — — —
Scrub 500 48 9.6 12 4-12
Lalang 500 0 0 0 0
Ricefleld — — — — —

Ollpaim 500 9 l.$ 42 *5.95

Rubber — — — — —

Total * 500 57 3.8 16.7 4-95
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Tabk I (Continued 2)

No. of No. of larvae per
Species of 

HabItat molluscs No. Percent age pcsft e hvet
molluacs examined positive positive Average Rang ,

Sut.uuna Town 500 2 0.4 6 5 7

octona Scrub 500 8 1.6 4 2-5

Lalang 500 0 0 0 0

Ricefield — — — — —
OlIpa im 500 10 2.0 11 2-21

Rubber — — — — —
Total 2000 20 1.0 12.8 2-21

&adybaena Town — — — — —

Scrub 500 4 0.8 3 1-4

Lslsng — - — — -

R.icefleld — — — — —
Ofips im 500 2 0.4 2 1-3

Rubber — — — — —
Total 1000 6 0.3 2.7 1.4

Aquatic Snails -

PIl ~ scugu tu Ricefleld 500 124 24.8 18 S-ISO

Pond 500 78 15.6 12 3-57

Stream 500 17 3.4 6 2-25

Total 3500 219 14.6 14.9 2-1 50

B lemyla Rlcefield 500 84 16.8 16 3-115

Pond $00 12 2.4 4 2-28

Stream 500 5 1.0 3 1-I l

Total 1 500 101 6.7 13.9 1. 1*5 ‘

Indoplanorbls Rlcefield 500 105 21.0 5 3-25

CX US1UZ Pond 500 8 1.6 2 1-9

Stream 500 - 3 0.6 2 14
4

Total * 500 116 7.7 4.7 1-28

Lymnaea Ricefleld 500 52 *0.4 3 1-34
• 

144 bifbsOm Pond 500 0 0 0 0

Stream 

i:.4 :.o 134
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Rodent definitIve hosts. R. r. diardii is the common and most abundant house rat in town .
Although this rat is common in other habitats , It Is always associated with human habitations.
R. exulans (Polynesian rat) is fairly abundant in riceflelds and in rubber , but less common
in other habitats. R. tiomanicus (Malaysian wood rat) is most abundant in ollpalin and
although common In other habitats, It is strictly a field rat and is not found near human
habitations. The density is low. R. argentiventer (ricefleld rat) is most abundan t in ricefields
and lalang; the density is low In scrub, olipaim and rubber estate habitats. Like R. tiomanicus,
this rat is not found near human habitations. R. norvegicus (seaport rat) is a house rat
strictly confined to seaport and In towns near seaports, and Suncus murinus (house shrew)
inhabits residential areas, but also invades fields near human habitation (Table 2).

Table 2

Natural prevalence of Anglostrongyhis malayslensis in house , field and
forest rats including shrews from various habita ts in Malaysia

No. of worm per

Species Hainla1 No. No. Percentage positive host
examined positive positive Average Range

Rattus r. diesdii Town 2712 252 9.3 4 2-18

(Mslaysisn House Scrub 388 
- 

124 31.9 8 3-28
Rat) Lalang 140 5 12.5 2 14

Rlcef leld 304 45 14.8 3 2-12

OlIpa im 124 60 48.4 6 2.24

Rubber 240 10 4.2 2 1-12

Tota l 380 8 496 13.0 5.1 1-28

Rattu: exulena Town 172 $ 4.7 2 2 4
(Polynesian Rat) Scrub 14o 34 24.3 4 2-43

slang 192 12 1.6 2 240

Rlcefleld 344 $6 25.0 2 1-8

OlipsIm 44 - 20 45.5 4 14

Rubber 336 22 6.5 2 I-S - P
Total 122$ I$ 2 14. 8 2.6 143

Raffia ttomankus Town — — — — —

(Ma laysian Wood Scrub 576 200 34.7 8 6-16
Rat) Lalang 552 60 10.9 4 2- 12

— 32 
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Table 2 (Continued 1)

No. of worm per
No. No. Percentage positive host

Species Ha bitat examined positive positive Average Range

Rlcefleld 460 115 25.0 5 1-22

OlIpaim 294 5 1031 35.0 10 2-72

Rubber 272 27 9.9 4 1-8

Total 430 5 1433 29.8 8.9 1-72

Rattitt s,genth~enter Town — — — — —
(Ricefleld Rat) Scrub 136 68 50.0 8 2-46

Lalang 352 40 11.4 7 1-18

Ricefleid 841 124 14.7 8 2-54

Oilpa lm 180 54 30.0 16 1-24

Rubber 24 2 8.3 4 1-8

Total 1533 288 18. 8 9.3 1.54

Raf f i a  norvegicus Town 472 94 19.9 11 4-28 J
(Seapor t Rat) Seaport 81 S 203 24.9 12 6.48

Total 1287 297 23. 1 11.7 4-48

Suncuj mu,j nu, Town 545 2 04 190 20-360
(Hones Shrew) Ricefleid 114 0 

- 
0 0 0

Total 659 2 0.3 190 20-360

Ra tf lu muelierl Peinge 454 7 1.5 4 1-8

- (Muller ’s Forest Forest 648 0 0 0 0
Rat) Total 1102 7 0.6 4 1-8

Remit bowers Wings 48 3 6.3 5 2-8
(Bower’s Forest For t 424 0 0 0 0

Rat) Total - 472 3 0.6 5 2-8

• Rafflss as,OW Fringe 185 2 1.1 3 2-4
(Splny-furr.d Rat) Forest 328 0 0 0 0

Total 413 2 O.S 3 24

4 R aff i a  annanadgki Fringe 295 2 0.7 4 1-3
(Annand als ’s Rat) Forest - 4$ 0 0 0 0

Total 343 2 0.6 4 1-3

Ra: tu, eramo.*.nesr Wing. 112 5 4.5 7 3-12
(P.ncl.d-talled Fo~ st 215 0 0 0 0

Faust Rat) Total 327 S 1.5 7 3-12

~ , 
j
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Table 2 (Continued 2)

No. of worm per
No. No. Percentage ?oait ive hostSpecies Habitat examined positive positive Average Range

Rattus w*iteheadi Fringe 285 I - 0.4 3 0-3
(Wh iteh eed’s Forest Forest 348 0 0 0 0

Rat) Total 633 1 0.2 3 0-3

Rattus sabanus Fringe 212 2 0.9 4 2-6
(Long-taile d Forest Forest 785 0 0 0 0

Rat) Total 991 2 0.2 4 2-6

Tupara gist Fr inge 389 I 0.3 3 0-3
(Tree shrew) Forest 391 0 0 0 0

Total 780 I 0.1 3 0-3

All 7 specIes of forest rats listed in Table 2 are common in primary and secondary
forests and they are also found in fringe habitats adjacent to the forest. T. g u s  (tree-shrew)
is common both in the fringe and forest habitats.
Prevalence of natural infections in molluscen intermediate hosts. The highest prevalence
of natural infection among the 4 species of slugs examined were M. malayanus and G.
peguensis being 47.5% and 23.7% , the lowest being 8.6% for L. alte and 6.1% for Lempenila
sp.. respectively . There was no difference in the worm-load between M. malayanus and
G. peguens is with an averag e of 236.6 and 269.9 per infected slug, while that of L. alte
and Lemp enda sp. had averages of 157.5 and 1 2.5 per infected slug (Table 1).

Of the 5 species of land snails, M. resplendens had the highest prevalence of natural
Infection , 27.5% compared to 11.5% In A. f luuica. The lowest were observed In Q. .ctr iata,
S. octona and B. similaris wIth rates of 3.8% , 1.0% , 0.3% , respectively. The worm-load
of these snails averaged 240.9, 113.9 , 16.7, 12.8 and 2.7 per infected snail, respectively.

The highest prevalences of natural infection among the aquatic snails, P scutata
and L. nebiginosa were found with rates of 14.6% and 10.4%; the lowest were B. Ingalisiana
and L exustus being 6.7% and 7.7%, respectively. There was no marked difference in the
worm-load between P. scutata and B. ingailsiana averaging 14.9 and 13.9 per infected snail ,
respectively. Similarly, no marked differences in the worm-loads were observed in I exustus
and L. rubiginosa, averaging 4.7 and 3.0 per infected snail, respectively.
Prevalence of natural infection in definitive rodent hosts. Among the house rats , R.

4 norveglcus was observed to have an infection rate or percentage positive of 23.1% compared
to 1 3.0% In R. r. diardi t. Of the field rats , 29.8% of R. tiomanicus was foun d infected
compared to 1 8.8% in R. argentiventer and 14.8% In R. e.xulan& In the house-shrew (S.
murinus) only 0.3% were positive. No marked difference In the infection rate was obse rved
between the 7 species of forest rats , t he rates rang ed from 0.2%- I .5%, while In the t ree-shrew ,
(T. gilt) , the infection rate was only 0.1% (Table 2).

R. nontegicus had the highest worm-load averagin g 11 .3 worms per Infected animal
compared to 5.1 In R. r. diard il. No marked difference was observed between R. tionamicus
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and R. argentiventer: the worm-load averag Ing 8.9 an d 9.3 per infected animal . The lowest
worm-load was in R. exulans with an average of 2.6 worms per infected animal. R. cmnonventer
had the highest average worm- load of 7 worms per infected animal , followed by 5 in
R. bowersi. No difference was observed in R. muelleri, R. surifer , R. annandalel, R. sabanu s
and R. whireheadi; the averag e worm-loads ranged from 3-4 worms per infected animal,
while only a single 7’. gus was infected with 3 worms (Table 2).
Infection levels in different habitats. Figure 1 shows the infection levels among the
inter mediate and defInitive hosts in different habitats. Oilpalm hatibats had the highest
molluscan infection rate with 25.1%, followed 16.8% in scrub. No marked difference was
found between fringe and ricefield habitats; the rate being 15.9% and 14.3%. Similarl y,
no di fference was observed between town and ncefield habitats with rates of 8.9% and 8.7% ,
respe ctive ly. Lower rates of 4.9% and 4.3% were found in ponds and lalangs, while the
lowest of 1 .3% was observed in st ream habitats.

40-

35 • Rats
0 Snail —

30-

C

• 22 5  
—

E20- -

0 - -

—

~~~~IIILILIt... ___ H
Oilpam Scrub R~ fie~d Town Lolang Rubber Fringe Pond Stream

Ha bitat
4 

Figure 1. Comparison of natural Infections of Angiostmngyb~is malayslends in In-
te rmedlate and difinitive hosts In different habitats.

There were no difference s in rodent infection rates between olipaim and scrub habItats ,
the rate being 35.4% and 34.4% respectively. Riceflelds had a higher Infection rate with
17 .9%, followed by 11.9 % In towns. In lalang habitats the infection rate was 9.5% and 6.9%
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in rubber habitats. Fringe habitats had the lowest rate with only 1 .2% .
Life-cycle of Angiostrongylus malaysiensis in experimental intermediate and definit ive hosts.
First-stage larvae (Fig. 2). First-stage larvae of A. malaysiensis recovered from feces
of exper imental ly infected inbred laboratory rats move active ly in 0.85% physi ologIcal
saline. They are slender , with lateral alae extending almost the entire body length . The
oesophagus is rhabditoid shaped, and occupies most of the anterior half of the body. The
genital rudiment is situated slightly anterior to the mid-intestine. The tail is slightly notched
and pointed. The mean length and width (100 specimens) of these larvae were 0.247 ± 0.002 mm.
The mean length and width of 100 eggs were 0.06 ± 0.01 and 0.041 ± 0.003 mm resp ectively.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

:;: 
~~~~~~~~~ .

- H E

k~~~o

li-Il
- .

0 7cY/~J v
‘

~~~ i

FIgure 2. First-stage larva Angvostrongyhes malayslensis from the feces of an cx-
perlmen tally Infecte d laborato ry rat. Nerve ring (n.r ), excretory port (e.p.), esophagus (on),
Intestine (I), genital rudiment (g.r.), anus (a).
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Second-stage larvae (Fig. 3). The first molt was observed 5 to 7 days afte r Infection
in the snails. The mean length and width (30 specimens) were 0.327 ± 0.064 and 0.027
± 0.022 mm , respectively . Some of the second-stage larvae retained the sheath of the
first-stage. The refractile granules were more intense and large r in size and obscured the
entire Intern al organs in 7 day-old larvae .

‘ 0 1 m m
1

f. /I - f lit ?’!

_ H
0.1mm

Figure 3. Second-stage larva iosrrongyh,s malayslensis from an experimentally’
infected snail.

Third-stage laevae (FIg. 4). The second moult was observed 9-12 days after infection
in snails. Some of the third -stage larv ae ret ained the sheath of the first and second-stages.
All larvae recovered at 16 days were In the third-stage (third-stage larvae were found to be
mfectlve to rats). The rhabd ltoid esophagus with cuticular lining, nerve ring, excretory pore 

- 

-

and anus were now clearly seen. The genital rudiment was situated at approx imately
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two-th irds of the body length from the posterior end. The intestine tapered sharply from
behind the esophagointestInal junction , extending to the anus as a narrow structure between 2
subventral glands. In the body cavity the subventral glands characterized by fine granules ,
extende d slightly posterior from the nerve ring to slightly anterior to the anus . The tail tap ered
smoothly at this stage to a fine pointed end at 15 days . The mean length and width (30
specimens) of 16 day-old third-stage larvae were 0.50 ± 0.02 and 0.03 ± 0.02 mm, respectively.

C~~
T E n.r

Id H
s.v g \

0~~~

•10
~~

- 9.f—
.j
y

/T

0 ~~~~ ~~~~~~~~~

FIgure 4. Third-stage larva Angloszrongyhis malaysiensis from an experimentally
infected snail. Nerve ring (n.r .), excreto ry pore (e.p.), subvent ra J gland (s.v.g.), esophagus (cc),
Intestine (1), genital rudiment (g.r.), anus (a). •
I
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Fourth-stage larvae (Fig. 5). The third moult was observed in the bra in of experimentally
in fected rats 4 to 6 days after infection. The sexes are clearly seen at this stage. The sex
of the male larvae could be distinguishable by a bulge at the posterior end and a single
reproductive tract which joined the rectum and occupied about the posterior third o the
body. The spicu le pouch and developing spicules were striated dorsal to the cloaca . hi the
females the developing reproductive tract extended from the posterior part of the body. The
intest ine of both males and females were filled with larg e refractile granules and the subventra l
glands were short. The mean length and width (30 specimens) of these larvae at 6 days

- 

postinfection were 0.77 ± 0.23 and 0.44 ± 0.55 mm , respectively .
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Mole Femalq (
FIgure 5. Fourth-stage male and female larvae An ostrongyhu malayslensis from the

brain of an experimentally Infected rat after 6 days. Nerve ring (n.r .), esophagus (cc),
subventra l gland (s.v.g.), intestine (I), developing reproductive tract (d.r. t.), vulva (v),
cloaca (ci), developing splcule (d ip.), spicule pouch (sp.p.), anus (a).
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Fifth-stage larvae (FIg.’ 6). The fourth moult was observed In the subarachnold space of
the braIn 8-12 days after Infection . Young adults left their sheaths and continued developing
until they migrated to the lunge. The young adults migrated to the surface of the braIn 12 days
after Infection. The mean length and width of 12 day-old males (30 specImens) were
3i3 ± 0.38 and 0.07 ± 0.01 mm and that of the females were 3.62 ± 0.65 and 0.08
± 0.01 mm, respectively. The males possessed a small burn and rays which were similar to
those of the adults. The splcule pouch and spicules were present, but no cuticle was deposited
in the spicules. The male reproductive tract occupied about the posterior half of the body; the
cloaca was completely formed. In the females, the projection at the posterior end can be seen
at the 5th day. The reproductive tract occupied the posterior half of the body. On the 13th
day of Infection young adults recovered from the surface of the brain had grown further. In the
males, the spicules were not very prominent, but on 14-16 days, the splcules gradually revealed
more cuticle deposition and atriations became more conspicuous. Spermatozoa in the seminal
vesicle were observed on the 18th days while the worni was on the surface of the brain . In the
females, formation of e~~s were observed on the 24th days, and the projection at the tip
of the tail became more distinct.

~~ ~ ;: ~~~~~~~~~~~~

~~~~~~~~~~~~~
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Molt Female

FIgure 6. FIfty-stags male and female Angiostrongyks. mairysiensl, from the brain L
of an experimentally Infected rat after 12 days. Nerve ring (n.r.), e.ophaguê (a.), uubventral
gland (s.v.g.), Intestine (I), vagina (vgj , vulva (v), anus (a), spicule (sp), gubemaculurn (g),
closca (ci).
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Most of the worms reached the pulmonary arteries 24 to 28 days after Infection. On the
21st day, spermatozoa were found fully developed In the males. In the females, the entire
reproductive tract was filled with eggs on the 31st day and larvae were found In the lung
tissues of a rat. A few first-stage larvae began to appear In the rat feces on the 32nd day, and
on the 35th day numerous larvae were observed in the feces. The mean length and width
(30 specImens) of 40 day-old adult males were 17.7 ± 0.60 and 026 * 0.02 mm and that
of the females were 21.7 ± 1 .02 and 0.35 ± 0.02 mm, respectively.

DISCU&SION . -

The data available on the intermediate molluscan hosts of A. ,rwiaysiena t, indicate
that M. rnalayaniu and L ake are 2 of the 4 most abundant land slugs found inhabithg
all the habitats studied (town, scrub, lalang, ricefleld, clipalm and rubber), while G. qussvsis
and Lemp eruhi sp. are more habitat specific being found only In scrub and fringe habltatL
The high density of these land slugs In olipairn, scrub and fringe habItats was probably due
to the suitable ecologIcal niches, particularly thick undergrowth available In these habitats.
Lalang habitat appeared to be suitable for M malayanus but not In the case of the other 3
species of land slugs. .The higher Infectivity rate among M malayanus and G. p quensls
could be due to the better suitability to the parasite of these 2 species than that of I.. trite
and Lempnula sp. This observation confirmed the findings of Urn ci trL (1965), Urn and
Heyneman ~1965), and Urn and Ungku [Into Oniar-Abmad (1969).

- .ig the land snails, A. f i d i c a  was found to be the commonest and most widely
distr~. throughout all the habitats studied. M rerp lmdnss and S. octona, although
abundaz~ w~ e more restricted to specific habitats. The density of M. resp lendens In ollpalm,
In partlcuias, could be due to the suitability of the habitat for this snail. Infectivity was
found to be highest In At. respl endens, and suggests that this snail is a more suitable host of
the parasite than A. f islos which had a much lower prevalence of Infection. The present
findings of high prevalence of natural infection in M. respl endens agreed with Urn and
Heynernan (1965), while that of A. f leEce was contrary to the findings of Blsseru and
Verghese (1970). - -

Of the aquatic snails, !‘~ sutate, I. exustus and L nthlginosa are abundant in riceflelds, -
- 

-while B. f rzguilaian a althou gh common, are not abundant , confirming previous findings
by Un et aL (1977). HIgher infectivity rates In P~x fate and L nsbWno Indlcates a
greater susceptib ility to the parasite than I. exustus and B. Ingsllslana; the latter 2 species jshowed a lower prevalence of natural infection. - -~~~

Among the house rats, R. norvegf cw was found to have a higher Infection rate with . 
-

A. makysiends than R. r. dlardlL The high Infectivity rate In the former species could be
due to the different behavioral pattern and ecological niches of the species than that of - -

R. r. dArrd lL The latter Is strictly a house rat confined more to Indoors while R. norvegicus
is equally common In Indoors as well as outdoors, providing a greater chance for this species
to come In contact with the molluican intermediate hosts. Of the field rats, R. tknnanicus
had a higher Infection rate than & argrcnn’venter and R. exulens. Again, this could be due
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to differences in the food habits. LAm (1966) in his experimental field and laboratory studies
on 4 specIes of house and field rats and 8 species of land snails and slugs, showed that
M. malayanus and M. resp lendens were preferred food , particularly, M. resplendens. R.
tiomanicus was found to consume more of the se snails than the other 3 species of rodents
under experimental conditions. Thus , the present observation of R. tiomanicux with high
Infectivity rates could be attributed to the food preference and also to the easy assessibillty
of the molluscan inte rmediate hosts. The fin dings of larval stages in S. murinus, is evidence
that this animal may feed on infecte d molluscs. However , no adult worms were ever recovered
from this house shrew , supportin g the findings of Urn ci aL (1965) that this species is not
a suitable host for the parasite. The low prevalence of natural infect ion among the forest
rats in view of the abundance and high infection rates of the molluscan hosts , indicates
high probability of resistance among these rats which concurs with findings of Lirn ci aL (1965).

The distribution of A. malays ’iensls in Malay sia , indicates that a favourable habitat
for the 2 key Intermediate hosts (M. malayanus and M. resplendens) Is the determining
factor: where density of populations of both intermed Iate and final hosts is high, as In oil-
palm and scrub (FIg. 1). Lalang fields are subjected to frequent grass-fires, and neither rodent
nor molluscan hosts can remain for long period s in such a habitat , a disruption Inimical
to the mainten ance of the Angiosirongyhis life-cycle. The transmission cycle of the parasite
in town is minimal due to the fact that the activities of urban rodents are more confined
to houses , and the chances of contact with the interme diate hosts outside houses are restricted.
In rubber habitats , good breeding grounds for both molluscs and rats in the weedy litter ,
provide excellent environment for direct food-chain to sustain the parasite. However , the
low prevalence of natural infections In both hosts could be due to periodic clearing and
weeding of the rubber estates. Similar to the lalang habitats , the life-cycle of Anglostrongyhi.s
is also disrupted in rubber habitats.

In the ricefleld habitats , freshwater molluscs are also involved In the life-cycle, and
apparent ly are importan t add itional intermediate hosts. Successful feeding experiments with
these aquatic hosts in the laborato ry confirmed this (Urn et at., 1977) and the presence
of shells Inside burrows of ricefield rats (R. argenhIv~nter) offers further evidence. In Thailand
freshwater snails , particularly File spp. were found to be important intermediate hosts
of A. cantonensis, the cause of eosinophllic mehingoencephalitls in man In that country.
(Harlnasuta ci aL , 1964; Crook ci aL, 1968). In Taiwan (Formosa), CYpangopah ~dbia chinensis,
commonly found in ricefields , is also known to be a natural intermediate host of A. cantonensis
(Chang ci aL, 1968). In the present investigation P. scutata and B. ingall.dana, edible snails ,
common in ricefields In Malaysia, were found to harbor infective stage larvae of A. makysiensis fand were partly responsible for the infection of rats In riceflelds. These species should therefore
not be overlooke d as a potential source of human Infection In Malaysia.

Studies of the life-cycle of A. malayslensis showed that there was no marked difference
in various sizes of first-stage larvae between A. nealeysiensis and A. cantonensis. The first and
second moult of A. mahs-yslensls larvae In experimentally infected snails (L. nsblginoas) were
observed 5.7 days and 12-16 days after Infect ion, compared to 7-10 days and 12-16 days in
A. cantonensis larvae in experimentally infected Helicarion sp. by Bhaibulaya (1975).
The second-stage larvae of A. malaysiends developed In the snail hosts at 5 days compared to 7
days for A. cantonensis. The delay In the moulting period and developing stage In A.
cantonensis may , however , be due to different species of experimental mall hosts.
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The rate of growth of A. inalayslensis larvae In experimenta lly Infecte d snails in the
present study was observed to be more rapid than A. cantonends. Third-stage A. malaysiensis
larvae were observed 13 days after infection and these larvae were found infective to laboratory
rats. At 16 days all larvae recovered from experimentally Infected snails were fully developed
third-stage larvae. In A. cantonen.ns, however , infective stage larvae are not present until 21
days after infection. The differences between A. malayslensis and A. cantonends development

- may be due to the different species of intermediate hosts used.
In experimentally infected rats, the third moult of A. malayslensic occurred 4-6 days

after infection In the present study and is similar to A. cantonensis as observed by BhaIbulaya
(1975). The fourth-stage larvae of A. malaysiensis recovered from the brain grew to twice the
length of the third-stage at 6 days compared to 7 days for A. cantonensiL The male and female
A. malaysiensis matured at 18 and 24 days compared to 28 and 35 days for A. cantonensis.
First-stage larvae were found in lung tissues at 32 days and in feces at 35 days for A.
rnabiyslensis, but in A. cantonensis first-stage larvae were first observe d in feces 40-42 days
after infection .
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Figure 7. DIstribution of An iostronxjh~s mala-ysiensis and Anglostrongyhis cantonensis
In Malaysia. -
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In conclusion, the present investigation revealed that the distribuiton of A. malaysiensis
in different habitats Is Influenc ed by numerous intermediate molluscan and final hosts
throughout Malaysia. The present findings on the fully mature male and female A. malayslensis
concur with the description of the Malaysian rat lungworni by earlie r workers (Urn et aL .
1965). This, however, does not proclude the occurrence of A. cantonensis in Malaysia.
Indeed a sIngle case of A. cantonensis has been reported in R. exulans from Tren~~anu by
Urn (1975). MIxed infection of A. malayslensis and A. cantonensis in the final host was
observed in Thailand by Dhalbulaya and Techasophonmani (19fl). Failure to recover A.
cantonensis In field rats In northern , central and southern parts of Peninsular Malaysia
and also from Sabah and Sarawak (1Am, 1967; 1973; 1974; LAm et aL , 1976), does not necessary
mean that the parasite Is restricted to the East Coast of Penin sular Malaysia (Urn, 1975).
Further work should place emphasis on the taxonomic status of the rat lungworm found
in a particular host in order to assertaln the species found and also the occurrence of mixed
infections (I.e. both A. malayslensis and A. cantonensis occurring in the same host). The
present status of the distribution of A. malayslensis and A. cantonensis in Mal’aysia is
shown In Figure 7. -

SUMMARY

A survey for Angiostrongylus malayslensis In rodent , Insectivore and molluscan hosts
was undertaken In 9 different habitats throughout Malaysia (town , scrub, Wang, oUpalm.
rubber, ricefleld , fringe , streams, ponds). A total of 14,948 rodents, 1439 insectivores and
21 ,016 snails and slugs were examined.

MIa ’opannarlon makyanu.s and Gb’ada peguens is were found to have higher natural
infection rates than other land slugs, and of the land snails higher infectivity rates were
observed In Macrochiamys req,Iendens a~d Achatina f lulica . In freshwater snails, P ie scutata
and Lymnaea nibiginosa, were more often found positive than other species examined.
However, M. malaya njg and M. req lendens were found to be the 2 major in term ediate
hosts of the parasite in Malaysia.

Amongst the house rats, Rattus norvegicus was found to have a higher rate of infection ,
and of the field rats, a higher Infectivity rate was observed .In R. tiomanicus. A low prevalence
of natural infection was found in the forest rats studied.

The Infection rate was found to be high in favourable habitats where density of both
Intermediate and final hosts was high, as in ollpalm and scrub vegetations. The lowest infection
rate was In unfavoura ble habitats, such as lalang fields and rubber estates where populations
of both intermediate and final hosts were disrupted by frequent grass-fires in lalang fields
and perIodic weeding or rubber estates.

The life-cycle of the parasi te In all the habitats studied , except Aicefields , Is main tained
chiefly by one species of land slug, M. maLiyanus and by one species of land mall, M.
resplendens. In rlceflelds Fib scutata and Lymneea nibiginosa are the main freshwater
snails Involved. Both edible freshwater snails, File scutata and Bellamya IngalLuana are
probably important Intermediate hosts In the transmission of human Anglosirongyius-
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induced eosinophilic meningitis meningoencephalftis in Malay sia .
The life-cycle of the rat lungworm A. mabyslensis is reported for the first time in an

experimental intermediate host, L nthtglnosa, and an experimental final host, a laboratory
strain of R. norvegicus. The rate of growth of A. malayslensis larvae In experimentally
infected snails was observed to be more rapid than A. cantonensis. Slight differences In
the growth rate between A. nsalaysiensL, and A. cantonensis were also observed In laboratory
rats. The male and female A. malayslensis matured as early as 18 and 24 days compared
to 28 and 35 days for A. cantonensis.
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GEOGRAPHICAL DISTRIBUTION -OF ANGIOSTRONGYLUS AND
IN THAILAND , INDO-CHINA AND AUSTRALIA

MANOON BHAIBULAYA

Faculty of Tropical Medicine, Mahidol University Bangkok, Thailand

THAI LAND

In Thailand, Kwanmltra et aL (1957) reported 4 cases of eosinophilia in the cerebrosp lnal
fluid and suspected one of the 4 cases was the result of gnath ostomiasis. Subsequently
ocular angaostrongy liasls (Prommlndaroj et aL, 1962; ICetsuwan and Pradatsu ndarasar ,
1966) and eosinoph ilic meningoencephalltis caused by Anglostrongyhis cantonensis were
reported (Tantlbhedyangur , 1963; Benjaponpe , 1964; Punyagupta , 1964; Buran asln et aL,
1 965; Chularerk and Suyarn sethakorn , 1965 ; .Ji ttayasothorn et at , 1965; Hongladarom and
Indarakoses, 1966; Tangchai et aL , 1967; Punyagupta et aL , 1975; Bunnag et aL, 1969;
Nitidan dhaprab has et aL, 1975). Most of the cases reported were from northeastern Thailand.

Six species of rodent are reported to serve as natu ral definitive hosts of A. cantonensis
namely: Rattus norvegicus, R. rutlus, R. berdmorel, Raitus sp. Bandicota Indica and B.
savilel, and animals were found harbouring the paras ite throughout most of the country
(Harinasuta et at , 1965 ; Crook et at , 1968).

A. malayslensis has been found singly or with A. cantonensis in R. norvegicus and
R. ratlus in the Central Thailand (Bhaibulaya and Techasophomanl, 1972; Jeradlt , 1977).

A history of consuming ‘~P ila” app. snails has been reported before the onset of
eoslnophllic meningitis (Tant lbhedyangur , 1963) in many patients. Punyagupta (1964)
found ~ la ampullacea to be a natural intermediate host and Harinasuta et at (1965)
reported P. turbinls, P angellcu, P. po llta, P. gmdills and Achatina f tilbz to be natural
Intermediate hosts. In addition , to the above mentioned molluscs, Ve,onlcella slemenals,

• Sarika resp lendens, Hemip lecta slamensls and Melanoldes tubercuhzta were also found to
be naturally Infected with A. cantonensis (Crook et aL 1968). Setasuban et at (1968)
added P. scutata and Sinotiana martenslana to the list . Although A. fu lica Is found Infected
with A. cantonensis in most part s of country Pita app. are considered more Important
vectors to humans since they are habituall y eaten raw by this.

A. malayslensis larvae has been found alone or along with A. cantonensis In A.
fu lica, P . ampullacea, P. p wnel and P gnzcllis (Jerad lt , 1977). V
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INDO.CHINA

In lndo-chlna, meningoencephalitis and ocular anglostrongyliasis caused byA. cantonensis
were reported from Vietnam and Laos (Jindrak and Alicata, 1965; Le-Van-Hou et at ,
1973; Fontan et at, 1975), Among rodents and molluscs, only A. cantonensis, has been
reported from R. norvegicus and A. f ulic a in Cambodia and Vietnam (Brumpt at at , 1968;
Nhuan and HendrIcks, 1974).

In Thailand and Indo-china it appears that R. norvegicus and A. f t i lka  are responsible
for the distribution and maintainance of A. cantonensis in nature. Pita species of snails ,
however , seem to be more responsible for the transmi ssion of the disease to man , particularly
in Thailand.

AU~~RALIA

Although human anglostrongylid induced eoslnophilic meningitis is not common
in Australia the immunologic diagnoses of cases were made from Queensland (Bhaibu laya
and Gutt erid gn, 1971; Gutte rldge and Bhalbulaya, 1971) and an additional case has been
referred to by Gutterldge (1971). Saltos et at (1975) reported another probable case in
1975. None of these cases have been parasitologlcally confirmed . A. cantonensis has
been known from rats In Australian sInce 1955 (Mackerras and Sandan , 1955) and an
angtostrongylid with short spicules, later described as A. macke, ’rasae (Bhaibulaya , 1968),
was also found in these animals. R. norvegicus was found to harbour either pure A. cantonensts
or pure A. macke~rusae. MIxed Infection between these two species In R. norvegicus was
also found . R. rattus harboured only A. cantonensis, whereas R. f iacipes harboured only
A. mackenusue (Bhalbulaya , 1968). Although adult A.. cantonensis was not found , Immature
adults were recovered from the central nervous system of the wallaby, Macropus nifo gf lseus,
the first such report from a marsupial (Mckenzie et at, 1978). The molluscs, Derocaras

V larvae (4gr iolbnax hsevh), Limax arbon~m, (~schidlum sp. and Herkarl on sp. were reported
as experimental intermediate host (Mackerras and Sandars, 1955; Bhalbulaya, 1968) for

p the parasite. 
V
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ANGIOSTRONGYL US CANTONENSIS IN THE PHILIPPINES: A REVIEW

EDITO G. GARCIA 
V

Department of Parasitology, Institute of Public Health,
University of the Philippines System, Manila , Republic of the Philippines

Although Anglostrongyhas aintonensis was described In 1935 by Chen, the nesnetode
was first demonstrated in the Philippines In 1965 by two groups working Independently
(De Leon and Saulog, 1965; Nlshimura and Yogore, 1965). A number of surveys have since
been undertaken to determine the presence of Infection In rats and to Identify possible
molluscan int2rmedlate hosts In different parts of the countsy. However, no special study
has been done to define infection In humans although 4 cuss with high numbers of eosinophiles
In the spinal fluid were reported by Sison et aL (1951) and a suspected case ofA. cantonensis
induced eosinophillc menlngoencephalltls was reported by Stransky and Iowa (1964).
Up to the present time no authenticated or parasitaloglcally confirmed human cases of
anglostrongyllssis have been reported.

DISTRIR(TI1ON V

From the available observations and based on ecologIc similarities of the different
regions of the Philippines, It Is safe to assume that A. cantonensis Is endemic In urban
and rural areas of most parts of the Philippines (FIg. 1).

The initial demonstration of A. cgntonensls by Nlshimura and Yogoré (1965) and • -

De Leon and Ssulog (1965) were front rats caught in Metropolitan Manila. ~ mllady,
Latonlo (1968) and S.ia,~~t and Cabrera (1969) found infected rats In Manila and Quszon L -

City. In addition, Latonlo (1968) found Infected rats In the provinces of Rizal, Cash.,
Laguna and Batanps In the Southern Tagalog Raglan of the I~und of Luzon ; ln the provinces
of Pamp .nga, Bulacan , Rataan and Nunva Ecija in Central Luzon; and In Ragailo City and
the province of labela hi Northern Luzon. W.stedimd and Chamberlain (1969) reported
finding the para site In wild rats in the Mountain P~ovtnoe in Northern bans . L~ onIo
(1968) reported the nsmatod in rats in the Vla.ya. Region audi — lays., and Ges,,s,o
and Gusnero (1972) found the p.iaiI. in cc’~~~~~~ rats in (~~~~ u.Ss City, Pin~,u ~~~lSSId.

No organized survey. have been undertaken in provincss of -
~~~~~~~~~~~~ but a f w
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A. f l~&w collected and examined in March 1976 from Bislig were found with infective
stage A. cantonensis larvae (Cross, 1978 personal communication). As stated earlier in
view of the ecologic similarities of the regions of the Philippines, it is highly probable
that A. cantonensis is enzootic throughout the Archipelago.

1 ?  1
~~~~~~~~

Rals and Moff ~~~

V 

.V ~~~~

FIgure 1. LocatIons In the PhIlippInes where rodents and molluscs have been found
Infected with Anglostrongyhas cantonensis.

HOSTS

3
Different species of the genus Rattus have been demonstrated as natural definitive V

hosts. These include Raf tu: nutus, R. norveglcus~ R. rauus mlndanenk, R. exulans, R.
ewssent and R. hulventus (De Leon and Saulog, 1965 ; Nlshlmura and Yogore, 1965;
Latonlo et aL, 1968; Westerlund and ChamberlaIn , 1969; Guerrero and Guerrero, 1972).
The last 3 species were caught In the wilderness of Mountain Province (Westerlund and
ChamberlaIn, 1969). V V

Molluscan intermediate hosts of A. cantonensis identified In the Philippines as natural
hosts include species of snails and slugs. Natural infectIons have been found in the giant — 

-

African snail, Achatina f ldkg (Arambulo and Yogore, 1966; Latonlo et aL, 1968; Salazar and
Cabiers, 1969; Westerlund and ChamberlaIn , 1969; Guerrero and Guerrero, 1972) and In
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the jungle terrestrial snails, Hemip lecta uglrtifera, Helkostyla mactrostonaa, Cyclophorus
sp., and Clzlorea f ibuki (Westerlund and Chamberlain, 1969). IYkz hgzonlca, ~1v4.twu sp.,
and Thiara sp. were examined but not found naturally infected (Salmr and Cabrera , 1969;
Westerlund and Chamberlain, 1969). The black slug, Laevkaulls alte, and the brown slug,
Imesinia p lebe, have also been found naturally Infected (S.112Ir and Cabrera, 1969).

HUMAN INFECI’ION

Earlier reports by Sison ci aL (1-951) and Stiansky and Joven (1964) of patients
with eosrnophillc meningitis suggest that the cases may have been anglostrongylid Induced,
however , none of the cases were parasltologlcally proven. The clinical manifestations were
compatible with those described by Horlo and Allcata (1961) and Alicata (1964). The clinical
presentation of meningoenoephalitis In the 5 cases In the Philippines was typical and all
patients recovered spontaneously. It the cases reported by Sison ci ci. (1951) eoainophile
levels In the cerebrospmal fluid ranged from 67% to 96% while in the cue reported by V

Stransky and Joven (1964) eoslnophilic pleocytosis was 87% . Sison ci aL (1951) dId not
consider A. cantonensis as the etlologlc agent but Stransky and Joven (1964) strongly
suspected the parasite as the cause of the illness.

It is routine practice in most hospitals In the Philippines to examine cerebrospinal
fluid for cellular contents differentially in suspected cases of menlngoencephalitls. In view
of this, It may be said with some degree of confidence, that anglostrongylid Induced
eosaonphillc meningitis or meningoencephalitls is rare In the Philippines. This may be
explained by the eating habits of most of the people since few eat snaIls uncooked.

SUMMARY

In the Philippine Island the definitive host for Angiostrongyh~s cantonensis are reported
as Rattus raf lus, R. norveglcus, R. rattus mindanents, R. exuhuu, R. everetti and R. katSr ’entua.
The molluscan intermediate host for the parasite are Achatina f t~1ca, Heml kct. tt~~’,
Heilcostyla macirostoma, CycIoph on~s ap., Oslorea sp., L.aevlcaulis cite and hneainia pkbe.
No parasitologically confirmed human cases of anglostrongyliasls have been reported but
4 cases of eoalnophllic pleocytosis and one patient with eosinophillc meningoencephalitis
are suspected to have been anglostrongy lid induced. r

.1”
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ANG I OSTRONGYL IASI S AND EOSINOPHILIC MENINGITIS ON TAIWAN: A REVIEW

E. R. CHEN

Department of Paras atology, Kaohsiung Medical College
Kaohsiung , Taiwan , Republic of China

In areas of the Pacific and in Southeast Asia, eosinoph llic meningitis or meningoen-
cephalitis is caused mainly by Invasion of the human central nervous system by the rat
lungwor m, Anglostrongylus cantonensis. The parasite normally inhabIts the pulmonary
arteries of rodents that become infected by eating niulluscan intermediate hosts, such as
land snails and slugs, harboring the infective third-stage larvae. Human infection Is also from
the ingestion of molluscs Infected with third-stage larvae. The larvae migrate Into the bra in,
spinal cord , ej es and cause disease . The first case of angiostrongy liasis was discovered by
Nomura and Un in October 1944 In Tainan , South Taiwan, from which more than 10
actively moving immature adult worms were recovered In the cerebro splnal fluid (CSF)
of a 1 5-year -old boy suspected as having meningitis. Since 1944, more than 250 cases of
eosinophillc meningitis or meningoencephalitis have been found on Taiwan. V

This paper presents a review of epidemiologlcal studies on the definitive Intermediate
and paraten ic hosts and human cases of A. cantonensis on Taiwan up to June 1978. The
mode of infection to man Is also discussed. 

V

DEFINITIVE HOSTS V

The first report of A. ointonensis on Taiwan was published by Matsumoto (1937)
in which he described the morphology of the nematode collected from the lungs of wild
rats captured In Huallen on the east coast of the island. The worm was subsequently identified
as a new species, Hemosnongyhis rant, by Yokogawa (1937). 

V

Table 1 Indicates results of rodent surv eys carried out on 1 al wan and its offshore
islands by var ious Investigators for A. cantonensis. Kuntz and Myer s (1964) reported on studies
done bet ween 1957 and 1 962 and found 99 of 1 ,650 rodents natu rally infected with this
parasite. The species of rodents found Infected on Taiwan proper were Bandicota Indica
nemos hu~~, Rattus a ’xb*gis coxlnp, R. Iosez R. norvegicu, and R. ra ttus subsp ., and from
Orchid Wand R. ‘anus mb,danensls. These species were all captured In areas below 1,500 V

feet In altitude.
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Table 1

Surveys of rodents for Anglostrongylus cantonensis
on Taiwan and its offshore islands

No.
Species (Area sample collected) Referenceexamined Infected

Rgmga coxbtg. coxb,,gc (Various areas on TaIwan) 47 4 Kunt z et ~L, 1964
Ramis coxbtgn ooxhs a (Various areas on Taiwan) 3 33 Cross, 1967

R. losea (Vailous areas on TaIwan) 172 8 Kuntz Ct ci, 1964
R. norvegicws(Penghu~ ) 15 0 Kuntz et aL. 1964
R. norvegicus (Various areas on TaIwan) 328 8 Kunt z it ci., 1964
R. norvegicus (Various areas on TaIwan) 101 9 Cross, 1967

R. non~egicus (P enghu~) 35 0 Chen, 1972

R. norvegicus (Kaohslung County) 5 0 Yll it ci. 1975
R. norw fcut (P.nghu4) 7 71 Cross it ci, 1976
R. norergicu, (Various areas on TaIwan) 47 38 Otsuru, 1917
R. ramu aubap. (Psnghu~) 16 0 Kunte it at., 1964
R. remit subsp . (Various areas on TaIwan) 792 3 Kunts it ci, 1964
R. rictus subsp. (Varlou~ arus on TaIwan) 250 9 Crou, 1967
R. rims, subsp. (Pengliu’) 11 0 Chen. 1972
R. raffis, subap. (Kaohaiung County) 6 3 Yll St ~L, 1975
R. rams, subsp. (Various areas on TaIwan) 41 36 Otsuru, 1917
R. rams, mf r,danend, (Lanyu~ 0) 64 2 Kuntz it ~L, 1964
R. rictus rvf isc,ns (Penghu~) 14 14 Cross and Van

P.easn, 1916
k. cuItu,ulus (Various areas on Titwan) 32 0 Kunt: et ci, 1964

Bandicota Isulca n.moriwju (Various areas on TaIwan) 130 25 Kuntz it it. . 1964

Bandicoti bsdic. ssimoMv.gc (Various areas on TaIwan) 20 50 Cross, 1961

Bwsdlcota indtcn nemorivaga (Kaohaiurig County) 15 53 YU it aL. 1975
Bandicota lndicc nemorivaga (Various areas on Taiwan) 24 96 Otsuru, 1917
Apod.mus ag,vnlus bsadsemu, (Various areas on TaIwan) 11 0 Kunt, it L, 1964
Apcdimur semonas (Various areas on TaIwan) 57 0 Rusts it ci. 1964
Micromys minutu, tmkaaqoinm. (Various areas on TaIwan) 11 0 Kuntz it ii. 1964 •

Mu, f o moanuar (Various areas on TaIwan) 10 0 Kunts it ii , 1964

Mu, n sanhi, ,ubsp. (Various areas on Taiwan) 47 0 Kunts it iL 1964
Mu, mss,~gkst aubsp. (Various areas on Taiwan) 10 0 Cross, 1967

MU, ap. (Various areas on Taiwan) I 0 Otsu,u, 1977
S.sncus murbsus (Various areas on Taiwan) 17 0 Croas, 1967

.%ncua murinus (Various areas on TaIwan) 27 0 Otmins , 1971 
- 

V

• Rounded to neare st whole number.
+ Penghu County or Pescadores Islands sItuated 40 miles to the west of Taiwan.
++ Lanyu or Orchid Island sItuated 50 mIles to th. southeast of Taiwan. (See P1gw. 1)
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Cross (1967), in a study done In conjunction with a survey for leptospirosis in Taiwan
rodents , reported infections In 4 of 6 species of rodents among 400 animals examined from
various parts of Taiwan . Infections were found In approximately 9%, 9%, 33% , and 55%,
respectively, of It no~veg1cus, R. rattus subsp., It coxhigu coxi ’iga and B. Indica nemorlvaga.

During a series of studies on eosinophilic meningitis in southern Taiwan undertaken
at the Kaohsiung Medical College, Yli ci aL (1975) reported recovery of A. cantonenszs
from R. rattus subsp . and B. f rzdka nen,oth’agu. The animals were trapped in the village of
a patient whose cerebrospinal fluid contained A. cantonensis larvae. SInce 1972 , Otsuru
(1977) and his colleagues have carried out surveys for angiostrongy liasls on Taiwan proper
and reported finding A. cantonensls most commonly in R. norvegicus, R. rat tus, and
B. Indica nemorivaga. These authors (Otsuru ci aL, 1976) reported approx Imately 9.8
worms per Infected rat captured In Taipei City.

Rodents on the Pescadores Islands had been examined by Kuntz and Myers (1964)
and by Chen (1972), but they failed to recover the parasite. In 1976, however , Cross and
Van Pbenen while studying rats for scrub typhus In 5 areas of the Islands found R. norvegicus
from Kung .Pei-Shan area and R. ra ttus ruftscens from Ching-An area infecte d with A.
cantonensis.

Many other species of rodents , such as Apodemus agrarlus insukemus. A. semotus,
Mlcromys mlnuzus takaa3goensis, Mus fo nnosanus, M. musculus subsp ., R. culturatus,
M musaihis, Suncw murinus and Mus sp., were examined, but none were found harboring
the parasite. —

Up to the present , 7 specIes of rodents have been found with A. cantonensis Infection:
R. coxlnga coxhtga, R. losea, R. norvegicus, R. rattus subsp., B. indica nemorivaga on Taiwan
proper, R. ra ttus mindanensis on Lanyu or Orchid Island and R. norvegicus and R. ra ttus
nifescens on Pbnghu or Pescadores Islands. The infection rates among rodents according
to species and the localities are variable . The rate in bandicoots seems to be the highest,
always in excess of 50% . - .

In experimental studies with the Formosan mongoose, Herpestes ww, Wood (1965)
reported the animal susceptible to infection when given third-stage larvae of A. cantonensis.
In later studies, however, Cross a: aL (1970) usIng the same strain of A. cantonensis, failed
to find the parasite In any of 13 mongooses experimentally exposed to infection.

INTERMEDIATE AND PARATENIC HOSTS

Studies on the intermediate and paratenlc hosts for A. cantonensis on Taiwan have
been carried out by several workers and results are listed In Table 2. FIve molluscan species
(2 species of land anails, Achatina f l u bs and &vulybaena similar !,, one species of aquatic
asail, C7pangopaludlna chinensis, and 2 specIes of slugs, Laevlcaulis alte and Vaginuhis
p lebelusJ are reported to serve as the natural Intermediate hosts and one planarlan species
and 2 specIes of frogs (Rena tigrina and R. p lancyl) are known to be natural paratenic
hosts.

V 
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Tabk 2

Intermediate and paratenic hosts of Angiostrongylus cantonensis on Taiwan

Species (Ar.. sample coIl.cted) 
examined Infected Ref.rence

Intermediate Hosts

~ iai1s

Achatina ~ sUen (Taip ei (Sty) 83 + (Situ, 1964
AcIIaNna J’tt1~~ (Taitun~ County) 63 32 ~roa. 1961
Achatina f u lka  (Pingtung County) 241 28 Chen et aL, 1971
Achatlna f islica (Plngtung County) 67 61 Win , 1913
Achatina fu ilca (Various areas on TaIwan) 500 26 Ot,uru 1977
Bra dybaena similarts (Taipei City) 2 18 + Chiu , 1964
Cipangop alud4na chtnenaia (Miaoli Count y) + Chang and ~~o ,  1966
Cipwigopah,dtna chinensis (Sian City & Ptngtung County) 119 2 Otsuru et aL. 1976

~ up -

L4C VIca USL, aite 14 43 Otswu , 1977
VagbiubVu pieb.iuz (Taipei City; Taltun g County) + Cro m, 1967
Unidentified Slugs (Kaohsiung County) 10 Mg.h, 1967

Paratenlc Hosts

Planaria sp. (Taipei H~ en) + ~~oN, 1961

Wop

Rgna ~~~~~ i i  18 Otsuru, 1977
Rena p Mncyi 7 29 Otsuru. 1971

, r.
• Rounded to nearest whole number. r

P • + Positive.

Among the intermediate hosts, A. f id i c a, plays the most Important role for A. can- V

tonensis infection to man on Taiwan . In reviewing the history on the Importation and breeding
of this giant African snail , Ezaki and Takahashi (1942) report ed that the snail was first
Introduced to Taiwan by Shlmojo , a Japanese technician. He brought 20 snails from
Singapore to TaIpei in January 1932, but all snails died from cold weather in the winter.
In AprIl 1933 , he carried 12 snails to Taipei and cultivated them successfully. The snails
bred enormously and spread throughout the entire Island. Since the snail was harmful to
vegetation and agricultural products, further Importation was prohibited In 3936. The snail.
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however , was weH established on the Island by that time.
Although the first human infection of this parasite was found in 1944 by Nomura

and tin , there were no further reports on the snail hosts of A. cantonensis on Taiwan until
Q~iu (1964) first recovered the larvae from A. f idica and B. similarts collected in Taipei
aty. Cross (1967) later found larvae In 20 (32%) of 63 A. f isui ca collected from Tait ung
County, along the east coast, where a case of anglostrongyliasls was found.

Table 3

Larvae of Angbostro~ugyhss cantonensis in Ac?wtina fu lica by size
(Chen et aL, 1971)

Size of snail Ne. Infected Average no. of larvae
(mm) examined No. % per infected snail

10 — 19 33 0 0 0

20 — 30 102 12 12 42

4 0 — 5 9  75 35 47 347

60 or more 31 20 65 454

TOTAL 241 67 28 324

Chen et aL (1971), in a biological study of A. f luli ca. found 67 (28% ) of 241 snails
collected form Santimen, an aboriginal village of Ptngtung County, Infected with larvae
of A. cantonensis. They also correlated the Infection rate and the intensity of the larval
Infection relative to the size of snails, Le., the larger the size of the snail the higher the rate
and the intensity of infection. As shown In Table 3, larvae were not recovered from snails
with a length of less than 20 mm. The rates Increased, however , from 12% to 65% and the

• average numbers of larvae per infected anal] increased from 42 to 454 as the propoiltonal
size of snails Increased from 20 mm to 60 mm or more. In the same report , they (Chen
et aL , 1971) observed the seasonal fluctuation of snails In the field. They collected snails
once a month for a onr.yesr period from a defined garbage area about a 20 square meters
in sIze. Snails were not seen lit January and February, probably . due to hibernation, but
began to appear in Ma ch and were more active In May to September coInciding with the
rainy season on Taiwan (Table 4).
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Table 4

Monthly collection of Aehatina f idica from a garbage disposal ares
(20 m 2 ) In 1 970

(Chen ci aL , 1971)

Month of
collection No. of snails• collected

Jan 0

Feb 0

Mar 35

Apr 89

May 263

Jun 485 and some young snails

Jul 564 and nemerous young snails

Aug 625 and numerous young snails

Sep 780 and numerou s young snails

Oct 251 and numerous young snails

Nov 196 and numerous young snails

Dec 4-6 and some young snails

• The length of the snail was not less than 10 mm.

In the study of the distr ibution patterns of A. cantonensis larvae In A. fu lica. Wen
(1973) found that 41 (61% ) of 67 snails collected from Pingtung county Infected. He also
reported finding 17 ,098 (56%) of 30,494 larvae in the lunga; the most densely infected
snail organ . Wen (1977a; b) also reported that first-stage larvae passed throug h the res- V

piratory pore to the lung of A. fu lica and developed into the second- and thIrd-stage larvae
on the 7th and 17th days , respectively, after lnfection .The larvae developed faster In the
lung than in the other organs of A. f ulica.

- 
In southern Taiwan , Yli ci al. (1975) reported the recovery of A. cantonensis In fective

stage larvae from A. ful l s  collected in areas where cases of human eosinophilic meningItis
occurred and from the snail meat served at food stands In towns and cities. The larvae In
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cooked snails, however , were dead. Otsuru (1977) and his colleagues examined 500 A.
11.11cc collected from several localities on Taiwan and found thhrd..tage A. cauonensis
larvae in 26%.

Chen C: aL (l974b) carried out a study to determ ine the inten sity of Infection. He
collected 40 A. f luil ca from each of 8 localitIes. Snails collected from Talwu, Plngtung County
were the most heavily infected with an averag e of 405 larvae per snail .

A. f iulica on Pescadores Islands were found to be negative for A. cantonensis by Chen
(1972) and Wen (l977a), however, Cross and Van Peenen (1976) recovered the parasites
from rodents in 2 areas on the Islands and also found Infected A. f s d k u  In the same locations
(Cross , 1978 , personal communication).

ap an a.dass chinensis, the Chinese rice paddy snail , was f~. u - n be a natural
intermediate host for A. cantonensis on Taiwan by Chang and Cross (19b - v fed larvae
obtained from these aquat ic snails to laboratory rats and recovered adu A ensis.

Several other species of freshwater snails had been examined for t~ :nce of A.
cantonensis larvae on Taiwan. Experimentally, Chang et aL (1968) recovere d third -stage
larvae from the aquatic mails, Sinotala quadrat a, Lyn,nea swlnhoe and Seginathue he-
misph erula, after exposure to flrst.stage larvae . However, these snails have not been found
naturally Infected.

Cross (1967) found that Semladco,pf r, libertine, an Intermediate host for Pa~~~vlmus
wesf ermani on Taiwan, to be resistant to Infection and Otiuru ci aL (1976) examIned 126
Semlaulcosp lra sp. collected from southern Taiwan and none were found naturally Infected
wI, 4. cantonensis larvae.

Two species of slugs were found natura lly Infected with the larvae of A. cantonensis. V

Cross (1967) recovered larvae from Vaginuhus pkbeü., and Otsuru (1977) repo rted an Infection
rate of 43% In Laevlcaullt cite. Hsleh (1967) in Xaohslung County examined an unidentified
species of slug and found larvae of the parasite .

A few studies of paratenic hosts of A. cantonensis on Taiwan have been undertaken.
Cross (1967) rep orted planarla to naturally harbor larval stages and Otsuns (1977) found 2
species of frogs infected with the third-stage larvae. The infectIon rate for R. IW*i. was
18% , and 29% for R. p bncyL Thlrty.flve toads, Bufo meknostictus, were also examined
but larvae were not found. Otsuru ci aL (1976) examined 6 species of freshwater shrimp
and crabs, known paratenlc hosts elsewhere, but none were Infected .

•
HUMAN CASES

Most huma n cases of anglostrongyliasis and eoslnophthc meningitis have occurred
on the Pacific Islands and In Southeast Asia. The known cases on Taiwan untIl June 1978,
Including unpublishe d cases, are 259. Tab le S presents a summary of these cases.
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Table S

Cases of eosinophilic meningitis or meningoencephalit is
V on Taiwan from 1944 to 1978

- Number Cases with RecoveredYear cases worms from Repoi - 

~d by

1944 1+(l) I CSF Nomura and LAn, 1945
1963 1 1 Eye Hsieh, 1967
1964 1 1 Eye Huang eraL , 1964
1965 - 1 1 CSF Cross , 1967 (Case No. 3)

Year Unknown 1 1 CSF Cross, 1967 (Case No. 4)
1965 3~(1) 0 - Cross , 1967 (Case Nos. 5, 6, 7)
1966 1 

- 

- 

I CSF Chen et aL, 1966
1966 1 0 Chang ci aL, 1966

1966 3 1 CSF Cross, 1967 (Case Nos. 10 , 11 , 12)
1967 3 

- - 

0 Wang ci aL, 1967
1967 2 1 CSF Tm ci aL , 1967
1967 5 2 CSF Chen , 1967

1968-1969 125’(4) 9 - 

CSF’ Yb ci aL, 1968;
Yb ci aL, 1975; Yb , 1976

1970-1973 9 0 Chuang ~et aL, 1973
1971 1 0 Chlang, 1972
1973 1 - 0 Liang ci aL , 1973 

V

1970-1974 16 1 CSF Pingtung Christian Hosp lta l••
1975 2 0 Lie ci aL , 1976

1 970-1976 30 (l) I CSF Cheng and Chen , 1976
1976 1 1 CSF LAn , 1976 (Mackay Memorial Hospital)

• 1973-1 977 22 0 TaItung Holy Cross Hospital..
1972-1977 20 0 Hwalien Mennonite Chri stian

Hospital •’
1977 

V 
I CSF Su, 1977 (ProvincIal Kaohsiung

- V Hospital)
1977 2 0 National Taiwan Univer sity HospitaI~~

_
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Table S (Continued)

Number Cases with Recovered
Year cases worms from Reported by

1977 1 1 CSF Chang.Gung Memorial Hospital.’
1977-1978 2 1 CSF Cheng, 1978 (Cheng’s Pediatric

Clinic)’”
1977.1978 2 1 CSF Kaohsiung Medical College, 1978

1978 l+(I ) 1 CSF Hwang, 1978

TOTAL 259~(8) 27

+ Deaths (number)
• Worms recovered from cerebrospinal fluid , brain and lung In one patient at autopsy.

Cross, 1978 , personal communication. -

“ Cheng, 1978, personal communication.

The first case of human angiostrongyliasls reported anywhere was made by Nomura
and Un in March 1945 , published In Japanese journal. Very little attention was paid to
the report except for Ibleh’s citation In an outline of parasitic zoonoses on Taiwan In 1959.
Beaver and Rosen (1964) were Informed and subsequently had the original article translated
Into English after the dlseise gained worldwide attention . The second case of anglostrongyliasis
on Taiwan was reported by Huang a: aL (1964) who recovered an immature worm from the
anterior chamber of an I l -month .old girl. One year prior to the discovery of this case (October
1963), Hsieh (1967), on consultation at an eye clinic in Kaohslung City, observed an actively V

moving worm In the eye of an adult female pat ient. The patient consented to surgery to
remove the parasite , but the worm disappeared by the next day . This was a highly suspected •

case of ocular anglostrongyliasii.
Except for the 2 ocular cases of anglostrongyllasis occurring In 1963 and 1964,

the rema ining pat ients presen ted with meningitis or menlngoencephalltls with eoslnophlllc

• pleocytoses. Young adult worms of A. cantonensis have been recovered from the CSF fr~of 25 (10%) of the 257 cases. Th. geographical distribution of patients Is plotted In
Figure 1. Most of the patients were from southern and eastern Taiwan and only a few from
nothern and central Taiwan. The dist ribution of patients by age group and sex Is shown 

V 

V

in Table 6. Most cases were children (80%) below 14 years of age but there is little difference
In the distribution of cases by sex. No cases of coslnophullc meningitis have been reported
from the offshore Islands. - -
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FIgure 1. Map of Taiwan showing distribution of cases of eoslnophlllc meningitis
or eoslnoph llic menlngoencephalitls between 1944 and 1978.

• Among 25 cases with worms present In the CSF , the pszasites were recovered from
24 by lumbar puncture, and one at autopsy. Information relative to the days of onset

• of symptoms and numbers of worms recovered In the psrasltologlcally confirmed cases
Is presented In Table 7. Althoug h the days from onset of Illness to discovery of worms
varied from 4 to 30 days, In two-thirds of cases worms were found between the 10th and
30 days after onset of illness. In 5 cases, one reported by Nomura and LAn (1945), 3 by
YB (1976) and one case seen at the ICaohslung Medical College (1978), 2 to 4 spInal tappings
were performed on each patient and worms discovered at each lapping. - -

In epldenilologicsl studies of eouinoph lllc meningitis on South Taiwan , Vii ci aL
(1975) correlated the distributIon of 125 cases occurring In 1968 and 1969 by month of
onset of first symptoms with monthly rainfall and found that more caies. occurred In the
raInY season when A. f ithos was more active.
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Tab le 6

Distribution of cases of eoslnophulc meningitis or menlngoencephalitis on Taiwan from
1944 to 1978 by sex and age group

Age Number of cases
(years) Male Female Totals %

0 — 4  28 41 69 27

5 — 9  56 46 102 39

10 — 14 17 18 35 14

15 — 19 8 3 11 4

20 — 24 1 2 3 1

2 5 — 2 9  4 3 7 3

3 0 — 3 9  5 9 14 5

4 0 — 4 9  6 4 10 4

50~ 1 2 - 3 1

Unknown 2 2 5’ . 2

TOTALS 128 130 259 100

• Sex of one case unknown.

Epidemlological surveys by clinical manifestations and laboratory findings for eoáto-
philic meningitis were reported by Cross (1967) and VII (1976). The areas selected for
surveys were localities where patients wIth the disease had lived. In a small village In MlaolI
County , Cross (1967) reported that althou gh the mall hosts, A. f ls&a and C chhsmsi,
were found infected with A. cantonensis larva., the rodent hosts examined, R~ ,wms,,
were negatIve. Over 100 IndIviduals were examined but none had symptoms of meningitis
although a large number of -IndMduals had relatively high blood eosbioph*le levels. In
another survey In Taltung. County where a human case occurred no new human Infecticas V

• were found, but rodents, the giant African snails and slugs, V. plebóu, were foimd naturally
Infected with the parasite (Cross, 1967). Vii at aL (1975) performed- dlaguostlc lumbar
puncture on 54 persons with a history of headache In 2 aborIgin, villages of Pingtung County 

V

and detected 2 cases of eoslnophlllc meningitis.
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Table 7

Days and numbers of worms recovered from the cerebrospInal fluid (CSF)
after onset of symptom in 24 parasltologically confirmed cases

Dsy. from onSet
A s  Six Locality of symptom to No. worms - Reference

recovery of worms

IS  U Tatnan CIty 10 10 Nomura and LIn, 1945

11

3 U Ptn~tun~ County ‘1 4 Cross, 1967 (Case No. 3)

10 M Taltung Count y 6 Cross, 1967 (Cu. No. 4)

10 U ~~ilhtss , Plngtung County 12 2 Chin it aL. 1966

3 F Shlhtz.,PlnstunsCounty 2 Cro ss, 1967 (Cue No. 12)

7 F Ch.chssg, Piagtung County 4 3 Tsl it iL. 1967

4 F F.a~1iao, Pth~tun County 9 1 Chest , 1967

7 F MsIsMn, Chisyl County S IS Olin, 1967

7 U Fan ILso, PIn$tun$ County 6 1 YU, 1976

S N AncbVso, K.o~~uni County 12 2 YU , 1976 -

4 F Faa tiao, PIngt ua County 12 4 ‘VU , 1976 •

S U Chsochow, PIngtun5 COUaty 12 I i  YI~ 1976

IS 2
I, - I

3 F Phigtung aty 16 I Y11, 1976
30 2

3 U Uukusy, Kso~eiu~ Couaiy IC 2 Yit, 1976 - V

19 N Fs~~ & , PIa.tua5Couaty 5 I TM, 1976 V
I I  

V

5 4

7 F Y.npu, PIa tua~ County 1 3 Vii. 1976

I? U Pln~tun~ City S • PIn~tun5 Christian Hospital ’

I F Pln tun g Oty 30 I Chen sad Chest , 1976

- 
- 2 U H~nhus, TsInaa County 30 2 Lia, 1976 (Macby - V

M~~ orI.I HoepksI)~~
2 P K.ohuIua$ County 34 1 Sn, 1977 (ProvIncial

Kaohaiung I4ospltal)4 4

2 P Ts~~~~ , Taipei County 12 1 Chsa .Oua N.~~o,iaI Hos~~~~

2 U T :PiasP u( Cosuty 19 I Otse , l975~~

• ~ U L~~yme, w~~~~~~ij Count Y 22 1 kaohsIisfls Medical

24 3 Collsjs. 1978
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Table 7 (ContInued)

Day. from onSet
Ape Sex Locality of symptom to No. worms Reference

recovery of worms

25 9

26 7
2 M TIenchun~. Chanshus County S + Hwang, 197$

• Positive for worms, numbers not reported.
+ Cross, 1978, personal communication.
++ Personal communication.

21
24
22 e—. itAINFALL

20 4 .— --n NO. OF CASU -

J F M A M  J J A $ 0 N2,.,1,,J F NA  N J  J A 5 0 S D
~~~~~~~~ INS 1919

FIgure 2. DIstribution of cases of eoslnophillc meningitis or menlngoencephalltls
by month of onset and raInfall occurring In Pingtung City from January 1968 to Dacember
1969 (YlI et aL, 1975). - -
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Seroepldemlologlcal studies were also done to detect cases of angiostrongyliasls on
Taiwan. Suzuki at aL (1975) carrIed out an Indirect hemagglutinatlon (IHA) test on 800
sara which were obtained from suspected cases of Japanese encephalitis. The majority of
the lilA-positive sera were from persons from the southern area and southern half of the
eastern area on Taiwan. ~ cIn test surveys for human angiostrongyliasis were conducted by
Chen et eL (1974.) on 1 ,459 persons residing In 11 localities on Taiwan and positive reaction
rates among people living on the southern and eastern Taiwan were higher than those on
the northern and central Taiwan. Suzuki at aL (1974) evaluated the skin test with a purified
antigen prepared from adult A. cwttonensis and suggested that the antibody responsible
for positive reaction was present between 10 and 30 days after the onset of symptoms .

Clinical studies on anglostrongyliasls were done by Yli (1976) on 125 cases. The
majority of patients had mild to moderate disease, but several had severe manifestations.
Among 259 cases listed In Table 5, 8 patients died : one reported by Nomura and Un (1945),
one by Cross (1967), 4 by Vii (1976), one by Cheng and Chen (1976), and one by Hwang
(1978). Sequalae such as blindness occurred in 6 cases: one case each reported by Huang
at aL (1964), Chang and Cross (1966), one case by Liang at aL (1973) with bilateral blindnes s,
and ‘(II (1976) reported 3 cases.

MODE OF INFECIION

The giant African snail is abundant everywhere on Taiwan and the majority of the
patients with suspected and confirmed angiostrongyliasis had history of having eaten - the
snails either cooked or raw. YII a: aL (1915) reported that 106 of 114 patIents (93%)
had eaten the snails one or more times. Two patients had eaten them uncooked or partially
cooked and the others had eaten them well cooked. The infective larvae In the cooked
snails are generally considered dead, therefore, Infection could not have occurred In this
manner. However, infection of this parasite can be acquired during the cooking process; V

the third-stage larvae can contaminate the chopping board, knife, etc. In addition, the
environment around the home can become Infected when the shells of the snails are crushed
and the viscera and mucus removed. Children can become Infected when they handle con- p -

taminated materials with their fingers and Ingest the larvae unknownly.

apangupah~dbia chb,ensL., an squatIc maIls, ls abundant In the rIce fIe1ds on TaIwan
and is commonly eaten by fairness either raw or boiled. Chang and Cross (1966) reported ~ • 

-

-

a patient who had Ingested a number of these snails , uncooked , and developed eoslnophllic
meningitis one week later.

C

~~~ MARY

A review on .oiinophllic meningitis and angiostrongyliauls occurring on Taiwan from
October 1944 untIl June 1978 is reported in this paper . Seven species of rodents wer e
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founa naturally infected with Angiostrongyb4s canf onensis and all infected rodents were
capture d in the areas below 1,500 feet altitude. Bar.dlcota indica nemorivaga is commonly
infected with the parasite with infection rates as high as 50%. Five species of molluscs ha ve
been re ported to serve as the natural intermediaté”hosts and one species of plana ria and
2 species of frogs have been found to be the natural para tenic hosts. Achatina fulica is
the most widely distributed land snail and is the major scurce of A. cantonensis infection
to man on Taiwan . The larger .sized snails were more commonly infected and contained
larger numbers of larvae . The larvae were recovered in high numbers from the lung of snails.
A. fl~1ica appears more active in the rainy season.

A total of 259 confirmed and suspected cases of angiostrongy hasis has been reported
on Taiwan. Among these cases, worms were removed from the eyes of 2 and found in the
cerebrosp inal fluid of 25 other patien ts . More cases were detected in southern and eastern
Taiwan and 80% were In children of 14 years of age or less . The majority of patients had
a history of having eaten snails and the most important route of infection seems to be in
the preparation of the meat for cooking. Ingestion of raw aquatic snail, C. chinensis. is
another means of infection on Taiwan.
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ANGIOSTRONG YLUS CANTONENSIS AND ANGIOSTRONGYL IASIS IN J AP AN

MASAMITSU OTSURU

Department of Medical Zoology, Niigata University School of Medicine
Nilgata, Japan

There are several species of the Genus Angiostrongylus recorded from Rodentia.
Of these, both A. cantonenils and A. costaricensis have recently been recognized as the cause
of human jisease. The former species is widely distributed In the Pacific Islands and Southeast
Asia, while the latter is limited to Central America. They are both hetero genous nematodes
which utilize mollusks and rats as Intermediate and final hosts , respecti vely.

In the case of A. cantonensis, adult worms live in pulmonary arteries of wild rats;
snails and slugs serve as intermediate hosts and human infection can usually be acquired
by eating or handling the intermediate or paratenic hosts infected with the third-stage
larvae. In man , the larvae migrate to the - brain and meninges where they become yotin g
adults and produce reactions. A. cantonensis has been recognized as an etlologic agent
of cases of eosinophilic meningoencephalitis in some areas of the Pacific Islands and Southeast
Asia .

Generally speaking, animals in certain areas often include species Intentionally or
unintentionally imported from other areas. For example, in Japan , the mongoose and weasel
are mammals imported intentionally to the Ryukyu Islands (Okinawa Islands and their
southern islands), while the giant African snail , Achatina fu l ica, which causes great damage
to vegetation was carelessly introduced to the Ryukyu and Amami Islands. Rats are well 

V

known as one of the most typical animals imported unintentionally. Rattus rattus and 
4~

.

norvegicus, which are intimately related to human life, are the best examples of readily
introdu ced species, and such animals carried by ships are too numerous to be mentioned. V

The slug, Laevicaulj s alte, whose damage to veget&:ion has recently been uncovered in the
Ryukyu and Amami Islands along with the giant African snails, was also probably Introduce d
to these islands with cultivated plants. A. cantonensis is also believed to have been introduced ft
to the Ryukyu and Amami Islands from Taiwan and/or the South Pacific Islands in relatively
recent years . It is speculated in the Pacific and Asian tropical and subtropical zones that
extention of the geographic range of A. cantonensis to adjacent regions has been through 

-

stowa way Infected mollusks or rats.

The Southwest (Nansei) Islands (Fig . 1) including the Ryukyu and Amami Islands r- .
and the southern outlying islan d of Kyushu occupy the southe. ’ ~art of a long chain of
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islan ds in the Japan Archipelago. This chain forms an arc from the northeast to the southwest
along the east coast of the Asian Continent , and is Important in geomedicine. For example,
in the spread of various infectious diseases to the Archipelago from Southeast Asia or the
Asian Continent , the Southwest Islands have often played an Important intermediate role.
About 10 years after A. canto~sensir was described In Canton , South China, the first case
of human angiostrongyliasis was rep orte d In a young man suffering from meningitis (Nomura
and Un, 1945) on Taiwan and since 1962 many additional cases have been seen on Taiwan.
In the Ryukyu Islands, which are separated only by a narrow strait northeastward from
Taiwan, at least 12 cases of the disease have been rep orted since 1969. A. aintonensis has
been recovered from rats and slugs in the harborside areas of Tokyo and other main islands
of Japan since 1969. The parasite seems to be well established In Japan and therefore , the
disease is now considered one of the Important public health problems in Japan , as it is
in the Pacific Islands and Southeast Asia. 

V
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Figure 1. Map of the Southwest Islands (Namel Islands) of Japan.
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In this pap er recent works on A. cantonensis and angiostrongyliasis done mainly
in Japan are presente d, in addition to studies done in neighboring Taiwan. The data quoted
are derive d from references collected as far as possible by the author and from the surveys
in the Ryukyu Islands and neighboring regions carried out by his Department since 1972.

SURVEYS OF THE FINAL HOSTS

According to ~~rjabin et aL (1952) and Chabaud (1972), Angiostrongylus is a genus
belonging to Subfamily Angiostrongy linae , Family Filaroididae. There are about 26 known
species of this genus recorded from a variety of hosts involving Rodentia , Carnivora , In-
sectivora , etc. Of these , A. cantonensis is the only species of public health importance known
in the various islands of the Pacific Ocean and in Southeast Asia. As mentioned above ,
this worm is primarily a parasite of rats which utilizes snails and slugs as intermediate hosts.
The adult of A. cantonensis was first observed in the lungs of R. norvegicus and R. rattus
by Chen in Canton , South China , and was described by him in 1935 as a new genus and species,
Puhnonema cantonensis. On Taiwan , Yokogawa (1937) found the nematode in the pulmonary
artery of a wild rat and called it Haemostrongylus ratt i n. sp. Dougherty (1946) showed
that the two genera , PuImone~na and Hoemostrongylus, were synonymous to Angiostrongylus
Kamenskii (1905), and created the new combination A. cantonensis for this species.

Rat infections with A. cantonensis in the Pacific Islands and Southeast Asia have
been known mainly in the tropics between latitude 23N and latitude 23S, however , extent ions
of distribution to the adjacent areas has also occurred , Rodent hosts for A. cantonensvs
in Japan are summarize d in Table 1. The first report of infections in rats and terrestrial
molluscan intermediate hosts were from the Ryukyu Islands in 1964 to 1966. The unusual
finding of A. cantonensis in a rat , R. norvegicus, in Sapporo , Hokkaido , the northernmost
island of Japan was by Ohbayas hi and Orihara , 1968. In the harborside areas of Tokyo ,
Kawasaki and Yokohama (Honshu , Japan Proper), the parasite was found in the R. norvegicus
and R. rattus by Hon ci aL (1969); Hori and Kusui (1972), and an infection rate of 40%
was found in R. rattus collected from Harumi Pier , Tokyo. R. rattus of Chichijima , the V

Ogasawara Islan ds, In the West Pacific Ocean, was reported to harbor A. cantonensis (Hori
ci aL, I973b) , and 3 additional reports of infections in R. norvegicus were made in Hokkaido
by Osihara (1972); lads (1975); Kasal and Kaneko (1977). The parasite was recently found
in R. norwegicus in Shimizu Port, Shizuoka Prefecture (Sano ci aL , 1977).

A great deal of attention has been paid to the southern islands which are separated
0 by a narrow strait from Taiwan where murine and human anglostrongy llasis are well

documented. As mentioned above , the parasite was first found in one of 5 rats , R. norvegicus,
In Irlomote (Nishimura ci aL , 1964), and also in the same species on Oldnawa (Alicata
and Nishlmura, 1 965; Kunlyoshi and Nlshimura, 1965), then in R. norvegicus and it - -

ra ftus of Mlyako and Ishigaki. Furthermore , the infection rate of rodents was found
to be high , i.e., 45.5% in R. ra ttus of Okinawa (Interm i ll et aL . 1972). Surveys for A.
cantonensis in the Ryukyu Islands , mainly in Okinawa and its islets, have been carried
out by the Okinawa Prefectural Institute of Public Health since 1971. Accord Ing to their
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results (Kishimoto and Asato , 1974), 616 small mammals were examined , and the parasite
was found in 18.4% of it ra ttus and 37.1% of R. norvegicus examined. Similarly, on 2
islets of Okinawa, Izena and Kume , and on Ishigaki , Iniomote and Yonaguni, the infection
rates were high. Miss caroll, - Suncus inurinus rlukiuanus and Herpestes edwardsii were also
examined but were negative (Table I ) . Among 8 species or subspecies belonging to Munldae
recorded in the Ryukyu Islands, A. cantonensis has been found in only R. norvegicus and
it rattus, with higher rates of infection in R. norvegicus. Similar results were obtained
by Interm ill ci aL (1972). In Okinawa , R. rattus was trapped more often than R. norvegicus
in the northern part , but this difference was not seen In the middle part , and the ratio re-
versed in the southern part of the island. it norvegicus is known to live near human ha.
bitations and to be omnivorous, while R. rattus lives in the field and is more herbivorous.
Recently , Yamashita ci aL (1978) reported R. norvegicus to be infected with the parasite
in Yoron , the southernmost island of the Amami Islands (Fig. 1). Adult worms had not
been recovered by previous workers In the area.

Results of exper imental murine infection carried out in Japan are summarized in
Table 2. In oral infections , both Pr aomys natalensis and Meriones unguiculatus developed
adult infections in the lungs (Yoshimura, 1973). Recently, Yamashita ci aL (1975) obtained
young adults measuring about 8 mm in body length from the brain of mice and guinea
pigs 30 days after infection. In Okinawa, laboratory rats were infected by subcutaneous
Inoculation and by penetration of third-stage larvae through abraded and unabraded skin
and adults were obtained from the lungs by each of the 3 alternate routes (Intermill ci aL,
1972).

Table 2

Results of experimental infections of rodents with Anglostrongylus cantonensis in Japan

Method of Stage of worm
Sp.clsa infecth )n No. examined recovered Reference

Laboratory rats Prenatal 6 Not detected N~ hlmura. 1965. 1966.
Oral 32 Adult worms Nahlmura, 196$, 1966a
Skin 23 Adu lt worms Non , 1969

SkIn 2 Adult worms Int.rmlll .1 it., 1972
Abrad ed akin I Adult worms Intermill it it., 19 72 V -Subcut aneous I Adult worm, lnterm ill it at., 1972 

V

Or al 26 Adult worms Intermlll it it., 1972Oral 10 - Adult worms Yoshlmur s, 1973

Oral 6 Adult worms Yamashlta it it., 1915

Preomy, nitalensi, Opal 12 Adult worms Yos hlmurs. 1973

MerIor~eaungwlcu~ nu Oral 9 Adult worms Yoah lmuna. 1973
Youn g adult worm In

Mouse Oral tite twain Ysm.ihlta et.L , 1975

Guit.. pig Oral ~ 
Young adult worm In Yamashita et aL, 1975

th e braIn
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Table 3 shows data from epidemioiogicai surveys on angiostrongyliasis on Taiwan
Proper, which have been carried out by the members of the author ’s Department since
1972, together with the results of others. In the marine swvey, A. cantonensis has been
most commonly found In it norvegicus, it rattus and Bandicota Indica nemorlva~z. These
results are similar to those reported by others on Taiwan (Kuntz and Myers , 1964; Cross,
1967).

Table 3

Surveys of natural infections of rodents , mollusks and frogs with
Anglosnongyhis cantonensis on Taiwan Proper

Species No. examined No. Infected (%) Reference

Rodents
Ru fu s ,socwgkv , 328 ( 7.9) Kunt z and My..,, 1964

101 ( 9.0) ~~oes, 1967
47 18(38.3) Otsuru it at., 1977a

Rattus mliv: subep. 792 ( 3.3) Kun ts and Myers, 1964

250 ( 9.2) Cross, 1967
47 17 (36.2) Otsuru it V~~~~ 1977*

Rattwa coxtn~. coxb~e 47 ( 4.2) Kunta and Myers, 1964
3 - (33.3) Cnms, 1967

Ru ssia lea. 172 ( 7.6) Kuntz and Myers, 1964

Baisdicota bsdtos
130 (25.3) Kunt , and Myers , 1964

20 (50.0) Cross, 1967
24 23 (95.8) Otsuru it at., 1977*

Ssincv, murlnu: 22 — Otsuru a aL 19775 V

~~~ 19. I — Otauru it .1, 1977*

Mollusks V

Ad’mt*se JIUos 83 posItive ChIu, 1964

540 132 (24.4) Otauru it at., 1977*

budybww ~m6.r1, 218 positIve Chlu, 1964

136 -i — Otsuru it at., 1977*

I’ig*,si*i, Pkbi*S, ppdtlve Cr0.., 1967 $

14 6 (42.8) Otpuru it aL 1917a 
- 

V

C~~~~op.indtssa c?sbssss.Wa 
I 

podtlve Chang it at., 1968
1449 

- positive Otsu,u it aL 1917*

—81 —
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Table 3 (Continued) 
V

Species No. ,xamlned No. Infected (%) Reference

Semia~ko~~b’a sp. 126 — Otsur u at at., 1977a

Corbicula J inmbssa 312 — Otauru at aL, 1977a

Planaria positive Cross , 1967

Frogs (psraten lc hosts)
Rana tlgrbsa 94 3 ( 3.2) Otsuru at at., 1977a

Rana plancyt 28 6 (21.4) Otauru at aS., 19775

Rana latouchl 14 3 (21.4) Otsuru at at., 1977a

Rand Umnocharit 13 — Otsuru at at., 1977a

Bufo metanostricfus 12 I ( 8.3) Otsuru et at., 1977,

The measurements of male and female adu lts parasitizing wild rats from various districts
of Japan compared with those of Taiwan and Hawaii are shown in Table 4. It is known that
their morphometric data bear resemblanc e to one another (Fig. 2 a , b).

In attempts to determ ine other diagnostic characters of A. cantonensis, morphological
observations were made on cross-section of young adults (Ohmori and Suzuki , 1976).
Various developing stages of worm were obtained from normal (albino rats) and abnormal
host (guinea pigs) experimentally infected with the third-stage larvae of the Taiwan strain.
Thirty days after Infection , genital organs of both sexes of the parasite found In the lung
of rats developed fully while the growth of worms in guinea pigs was retarded. The de.
velopment of genital organs of both sexes of worms collected from the brains of the guinea
pIgs 29 days after infection was similar but somewhat retarded compared to worms collected
from the brains of the rats 20 days after Infection. Several common structures were found
throughout each young adult A. cantonensis both in rats and guinea pigs after 15 days of
infection as follows: (1) Submedlan chords are usually seen except in the esophageal and
caudal regIons. (2) Body cavity contains many coelomocytes, seen In cross-sections (0-7/sec.
tlon). (3) Muscle cells in m id-body sections nwnbered 40-50 in the adult female and 35.45
In the adult male . (4) Sphicter muscles are seen at the junction between the oviduct and - 

-

uterus of the female . The above characters, as well the morphological features of the
reproductive systems and the measurements of developIng stages, aid in identifying this
species In tissue sections (FIg. 3).

SURVEYS OF THE INTERMEDIATE AND PARATENIC HOSTS

Various molluscan species have been known to serve as intermediate hosts for A.-
cantonensis. Among 56 specIes listed by Allcata and Jlndrak (1970) as Intermed iate host

—82 —
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FIgure 2. Each stage of Angiostrocirj~1ua cantonends (Yoron strain) one grade lOp
a. Adult male (lef t) and female (right) from the rat 4ung collected on Yoron , Amaml Islands.
b. Posterior end of adult male (left) and female (right). c. Flrst.stage larva from feces of the
rat experimentally Infected . d. Second-stage larva from the giant African seall collected on
Yoron. e. Third-stage larva (moulted). f. ThIrd.itage larvae encysted in the muscle. g. Male
(left) and female (right) fouth-stage larvae from the brain of rat 10 days after experimental
Infection. —
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FIgure 3. Cross sections through various levels of the young adun Ar(gIosrr~~~y4ss
cantor4 ‘ntis (by courtesy of Dr. Y. Ohrnori) a-d. 9 worm in brain of rat 24 days after Infection .
c-I . d worm in ditto . a. Anterior part of the ovaries. b. Level of oviducts. c. Level of the
sphine~er muscle of oviduct -uterus junction. d. Level of the uteri . e. Esophageal level.
f. Level of the testis. g. and h. Posterior parts of the body . i. Bur sa copulato rix . Bu: bursa
copulatorlx , CM: copulatory muscle , Co: coelomocyte, DC: dorsal chord, B: esophagus
Ej: ejaculatory duct , I : Intestine , LC: lateral chord , MC: median chord , 0: ovary , Od: oviduct ,
Ra: rach is, SmC: submedfan chord , Spc: spicule, Sph: sphincter , T: testis , U: uterus ,
Va: vagina, VC: ventral chord.
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under natural and experimental conditions, 6(allied) species apa ~zgc p a1udi,ztz chinensis,
Sinof af a quadrata, Derocera s reticulaturn, Lirnax J iavus, L. maxirnus and Indoplanorbis
exustus are distributed throughout Japan. The last species escaped from tanks rearing tropical
fIshes and is now seen in the natural environments in Japan.

The molluscan species which have been known to serve as intermediate hosts for
A. cantonensis under natural conditions in Japan are shown in Table 5. In Okinawa and
southward there are many terrestrial snails and slugs with high rates of infection (Fig. 4).
D. varians and L. marginatus (Fig. 5 a, b) were found infected with the parasite in the
Shinagawa and Harumi areas , Tokyo, where the natural infection of rats has also been observed.
A. fi4lica was found infected in Chichijima and Hahajima, t h e West Pacific Ocean (Hon
et aL , 1973b , 1974). Recently, the author found D. ~arians infected with A . cantonensis
in Yokosuka south of Tokyo. A. fulica and L. alte (Fig. 4 a, b) which are widely distributed
in the Ryukyu and Amami Islands have frequently been found infected on Okinawa,
Ishigaki and elsewhere (Nishimura er a!., 1965 : Nishimura , 1966b). lntermill et aL (1972)
f ound Bradybaena circulus, Fruricicola despecta , Satsuma mercatoria (Fig . 4c, d, e), Vaginulus
p lebeius, D. laeve and Philomycus biineatus naturally infected on Okinawa, and Asato
and Kishimoto (1976a) confirmed the infection in the former 4 species as well as L. alte.

The Okinawa Prefectural Institute of Public Health has been surveying for naturally
infected A. fulica in the Ryukyu Islands since 1971. The results obtained through these
surveys are as follows (Kishimoto and Asato , 1974): In Okinawa, the highest infection
rate was found in the middle part (57.6%), next in the southern part (28.5%) and the northern
part (23.4%), corresponding to the density of the snail in these 3 cases. This snail is not
seen on Izena, the islet located northwest of Okinawa, although the A. cantonensis infection
rate in rats was found to be 41.9%. Molluscan intermediate hosts other than A. fu ilca may
be responsible for the murine infection. On the other hand, A. fulica inhabits Iheya, the
islet located north of Izena, and it has been found infected with A. cantonensis, but at a
low rate (0.8%). In addition to Okinawa, the infection rate of A. fulica was high on Miyako
and lshigaki, two main islands south of the Okinawa Island, and the parasite was also found
on Kitadaito and Minamidaito, the remote islets east of Okinawa.

In the Ajnami Islands (Fig. 1) located north of the Ryukyu Islands, the giant African
snail Is known to inhabit Yoron, Tokunoshima and Amamioshima, but not Okinoerabu and
Kikaigashima. This snail is not native to these islands but was imported from Taiwan and
Oceania probably between 1935 to 1940, and since has propagated markedly. In 1937.1938,
the snail was imported to Tokunoshima In the Amami Islands, and seems to have extended
its distribution •o the other islands by various routes through 1947. A. cantonensis has
not been recovered from the snail on the Amami Islands. Recently, in Setouch, Amamloshima,
one out of 40 A. fi ~llca was found infected with the third-stage larvae of A. cantonensis
(Kurihara, 1976). Succes~vely, Ishida et aL (1977) reported A. fuilca to be infected with the
third-stage larvae In Yoron and Tokunoshjma, as well as in Makuraz aki and tjuin of the
southernmost Prefecture (Kagoshinia), Kyushu, where F. despecta sieboldiana was f ound
Infected. As mentioned above, the adult worm was found in R. norvegicus along with the
larvae In A. f l ubs  and B. circuhis in Yoron (Yamashita et aL, 1978). These facts show that
the parasite has already extended its distribution along the northern islands of the Southwest
Islands further to Japan Proper.
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Figure 4. Some moliuscan intermediate hosts for Angiostrongyhus cantonen~s In
the Ryukyu Islands. one grade l mm
a. Achatbna f ulica b. Laeviazuf ls alte c. Bradybaena circulus
d. Fhitld cola despecta e. Satsuma mercatoria
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Figure 5. Some molluscan intermediate hosts for Angbostr ongylus cantonensis In
Honshu (N: natural infection , E: exper imental infect ion), one grade l mm
a. Deroceras varlans (N) b. Lbmax niarginatus (N)
c. Ind iana bilineata (E) d. Euhadra quaesita (E)
e. BakerI~vmnaea vbldis (E) 1. Qpw~gopahidlna sp. (E)
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Table 6

Results of experimental Infection , of mollusks with Angbostrongyhis cnntonensis In Japan

Sp.d.s LoOatI*Y of mOllusks No. .zsmio. d Rsf.e.nc.

Snaih (t.rr.slrlsl)

AlIopnss kyotoens~a Tokyo (Honshu) 2 2(100) Ysn.gIsa’ns , 196Th

Euhs(b’s pdSomp~~~ Tokyo (Honshu) 3 2 (66.7) Ysnagisu*s, I 67b V

Euhsdns qv.e~ ta Ssftsms (Honshu) 8 6(75 0) Ysnglsawa. 196Th

NI*pts (Honshu) 50 50 (100) Otiuru, 1918

F~utkko~ despscti
Tokyo (Honshu) 3 3(100) Ysnsg*sswI, 196Th

1d*a~skI (Ryukyu) 6 2 (33.3) Hon and Kano. 1974

.Ac#ssthss flslns ChichIj uma (Oias.wana) 24 21 (87,1) Hart , 1973
ocnsnM O~ sswaan kki*d. 33 33(100) Hod and Kano, *974 U

Hvlpgàw hkko.sSa Okaysms (Honshu) 6 3 (50.0) Hod and Kano, *974

Zo,~to4d.s arboses.a Tokyo (Honshu) 9 9(100) Yanq*ssw.. 196Th

Plsagcicou duprcti Ishlpkl (Ryukyu) 6 2 (33.3) Had and Kano, 1974

Saltama (Honshu) 13 9 (69.2) Hon if aL, 1976

&saik (aquatic)

Ph~~s .øita S.ltama (Honshu) 15 1 ( 6.7) Yana lsaua, 19671,

Kyoto (Honshu) posit ive AtIson o I?JL, 1976

Indop~ awrb1s exuflus K.napws (Honshu) 22 9 (40.9) Hod at aL, 1976

U 
S n,tmdaoq*a NbatS*,. Kanagaws (Honshu) 33 1 ( 3.0) Hod flaL, 1976

NIIpta (Honshu) 25 positIve Otsuru, *978

Bskatfymnsa o*kli NI*pta (Honshu) 50 posItive Otsuru, 191$

Kyoto (Honshu) positive Arisono at aL, 1976

Lj .n ifipcnlc. Kyoto (Honshu) positive Azlzono at aL, 1976

~~~ WeF M~d*M ~~ . Nilp*s (Honshu) 15 positlvs Otsuru, 197$ 
U

‘~~~I°Pi~~~’i c~,h,i*sh U

Kyoto (Honshu) Ii * ( 9.1) Shlota if aL. *977

Kyoto (Honshu) 16 6 (37.5) ShIota aIaL, 1977

Lhnsx m.ytnatu, Tokyo (Honshu) 15 *5(100) Hod and Kano. 1974

NMpts (Honshu) 200 posith’. Otsuni, 197$

Inc~~Hs bt~nsits NMpts (Honshu) ISO poshlvs Otsunr, 1978
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The finding of A. can tonensis in rats and mollusks in the harborside areas of Tokyo,
strongly suggests that the parasite may have been imported by these hosts and the life cycle
is established in the area. The discovery of the parasite from rats in Hokkaido is similar
to the above fmdings, although it appears to be too far north (43 N. latitude).

Results of experimental molluscan infection with A. cantonensis carried out in Japan
are summarized in Table 6. Most of the examined species (10 terrestrial snails, 6 aquatic
snails and 3 slugs) were known to be infected with A. cantonensis (Fig. 5 c-f). Such results
suggest that the distribution of the parasite is capable of extending to more areas of Japan
Proper because of the wide-spread distribution of the mollusks.

The results of the survey of paratenic hosts for A. cantonensis in Japan are shown in
Table 7. Third-stage larvae have been found naturally in Bufo asiaticus (Fig. 6a) of Miyako
and Kitadalto, and In Rana catesbelana (Fig. 6b) of Kume, the islet west to Oldnawa. 

U

R. limnocharis and Rhacophorus leucomystax (Fig. 6c, d) were also found to be naturally
Infected on Okinawa (Asato et aL , 1978). A hairy crab, Enlocheir Japonicus of Okinawa , V

2 freshwater prawns, Macivbra chium longipes of Okinawa and Pa laemon sp. of the Ogasawara
Islands were also examined, but were negative. Experimental Infections with the third-stage
la~-vae were done with Cambarus clarkii and Cynops pyrrhogaster by the author , but the
results showed that both species were of little importance as paratenic hosts. Kinjo et
al. (1975a) reported 2 human cases of eosinophilic meningoencephalitis who were In-
fected by taking the raw liver of B. asiaticus as prescribed in traditional Chinese mcdl- U

cine. Subsequently othe r B. aslaticus from Miyako were examined and 35 (42.2%) of 83
found natural ly harboring infective-stage larvae. The larvae were recovered from the toad
stomach, intestinal wall, mesentery, liver and muscle . The maximum number of larvae
recovered from one toad was 3,256. The larvae were still alive after a lapse of more than 20
days. In the survey of natural infection of frogs, Hyla aunea was found to haibor infective-
stage larvae In New Caledonia by Ash (1968). However, human infection with A. cantonensis .c

through the toad has never been reported. Finding of the parasite In R. catesbelana has some
Importance since this frog Is eaten In some areas In the Ryukyu Islands and such eating
habits may lead to angiostrongyllasls.

The molluscan Intermediate and paraten lc hosts for A. can ronensis on Taiwan Proper
determined by the author ’s Department are presented in Table 3. Similar to reports made by
others A. fuli ca and C. chinensis were found Infected with A. cantonensis, but Semisukos-
p lra sp. was negative. In a survey of paratenic hosts, R. rlgnlna (3.2%), R. p lancyl (21.4%),

U R. latouchl (21.4%) and B. melanostnictus (8.3%) were found naturally infected wIth third-
stage larvae . The forme r 2 specU.~~s are commonly eaten on Taiwan.
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Figure 6. Toad and frog. naturally infected with the third-stage larvae of Ang~ostron~y~is
cantonensis (peratenic host) In the Ryukyu Islands.
a. Sub asiatkus from Mlyako b. Rena catesbelana f rom Kume
c. Rena limnochanis f rom Okinawa d. R~wcop ho,w leucoinystax f rom Okinawa



Tabk 7

Surveys of paratenic hosts In Japan (N: natural Infection , E: exper imental Infection)

Species Localit y No. .xsmhied No. Infected (%) Reference

Land crab

Er~ochelr /apcnicvs (N)  Oklnaw (Ryu kyu) 44 — Interml*I et aL, *972

Crsyf lsh

The third-stage larvae were alive
cambanu darkIl (E) NlIgata (Honshu) Otsuru , 1978up to 7 days after Infection

Ainphlbla

Bufo a~attcus (N) Miysko (Ryuky u) 83 35 (42.2) Auto at at, 1978

KIt.daito (Ryukyu) 10 1(10 .0) Auto at aL, 1978

Minamidaito (Ryukyu) 14 — Auto at at, 1978

Bufo marbiua(N) Mlnamldaito (Ryukyu) 26 — Aisto atat , 1978

Rena cateabatana (N) Kum. (Ryukyu ) 44 7(15.9) Auto at aL, 1978

The third-stage Iarvse were .live
(E) Nligata (Honshu) Auto et at, 1978

over 70 days after infect ion

Rena ifmnocharts(N) Oklnawa (Ry ukyu) S i (12.5) AutO aId, *978

Rhacophonu laucomystax (N)Ok mnawa (Ryukyu) IS I ( 6.7) Auto at at, 1978

RhacophorusJ ap onkus (N) Oklnsws (Ryukyu ) 8 — Auto at aL, 1978

Rhacophoru: vf r *Sir (N) Oklnawa (Ryukyu) S — Auto at aL, 1978

Mkrohyla ornata(N) Okinawa (Ryukyu ) I — Auto at at, 1978 U

The thlrd .dap larva, were alive
Cynop. py,Wiogaitir (E) Nilgata (Honshu) Otautu , 1978

up to 4 days after infect Ion U

Freshwater prawn

Macrob,acbVlum Song4~es (N) Oklnawi (Ryukyu) 129 — IntermlIlif.L, 1912

Pdaamon up. (N) Chichij lina (Op wars) * 80 - Hod at aL, *914

The measurements of the third-stage larvae of A. cantonensis from Japan are shown
In Table 8, comparing them with larvae from other distrIcts. The morphometr lc data , along
with the morpholog ic features , are comparable to each other (Fig. 2e, 1).
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HUMAN ANGIOSTRONGY LIASIS

Cases in Japan. Since 1964, A. cantonensis has been recovered frequently from various
molluscan intermediate and defin itive hosts collected in the Ryukyu Islands. On Taiwan,
eosinophilic meningoencepha litis due to A. cantonensis had been recognized first in 1944,
and since 1964 numerous cases have been reported. Due to the proxi mity of Taiwan to
Okinawa the possibility that human infection with A. cantonensis may occur in the Ryukyu
Islands became of some conce rn . Up to the present time , 12 cases of eosinophi lic meningoen-
cepha litis , probably due to this parasite , have been reported m the islands, and are summarized
in Table 9. Simpson et a!. (1970) repo rted 3 cases and Yonamine and Ashinilne (1972)
adde d another case . They indicated that these cases might be caused by eating or handling
A. fuilca. Yonamlne (personal communication) treated 2 cases on Miyako probably acquired
from swallowing slugs used In Chinese medicine in 1970 and 1974. Nakamoto et aL (1974)
reported a similar case caused by swallowing a slug in Miyako, and on ophthalmoscopic
examination a young wor m of A. cantonensis was visualized. In 1975, 2 other cases were
reported from Miyako by Kinjo et a!., and liver of a toad , B. aslaticus, which was freshly
swallowed as a medicine by each patient , was the suspected source of infecti on. Subsequently,
2 other cases were added by Nakamoto (1976) and Ashlmine (1976) in the same year.
Recently, 2 larvae of A. cantonensis, a male and female, 5.44 and 2.75 mm In length and
107 and 70 ~i in width, respectivel y, were recovered from cerebrospinal fluid (CSF) of case
12 (Table 9); this is the first report of recoverIng larvae from CSF in Japan. (Auto et aL,
1977).

In Japan Proper, human angiostrongyliasls has not been reported, but positIve immuno-
logic findings suggest the possibility of the disease. In Yokosuka, one patient with marked
siges of meningitis had a positive skIn test showIng 10 x 10 mm wheal and 30 x 25 mm
erythema and a weak positive in both the Ouchterlony reaction and in the indirect hemagglu-
tination (IHA) test; serum titer of 1:64 (Otsuru et aL, 1976). Unfortunately, the CSF was
not examined until 12 months after onset of disease and consequent ly eoslnophilic pleocytosla
Important for the diagnosis , was not be observed. In Xagoshima, Tomlhlra at aL (1977) U

reported a case of meningoencephalitis In which an immunoelectrophoretic precipitin band,
specific for A. cantonensis, was demonstrated between the serum and extract of A. cantonensl&
Kojima at aL (1978) report ed eoslnophlllc menlngoencephalltls In Shizuoka which was
considered to be angiostrongyllasis not only from the clini cal symptoms and cosinoph ilic
pleocyto sis but also from the results of immunological testing. The skIn test was stron gly
positive showIng 25 x 18 mm wheal and the complement fixation test Indicated a high titer.
Positive results were also obtained both In the Ouchterlony reaction and In Immunoelectrop ho-
reals. MedIcinal slugs were frequently orally administered to the patient over a 4  year period .
Dohy and Tsuj l (1977) reported 2 cases in which the patIents showed peripheral Ueoslnophllia
and positive serologic reactions to A. cantonensk antigen in the gel.dlffusion test.
Immunological obisevatlotig. The recent 7 patIent s (cases 5, 7, 8, 9, 10. 11 and 12 in
Table 9) In the Ryukyu Islands were examined immunologically In the author ’s Depart-
ment (Seto at aL , 1977), and serologic surveys were also carrIed out on Inhabitants in
S Islands (Otsuru at aL, 197Th). The results obtained by Immunological examinatIons
toget her with remarks on the field survey are described below.
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Table 9

Cases of eosinophilic meningoencephalitis in the Ryukyu Islands , 1969-1977

Date of admission Sus pected source
Case No. Age , Sex to hospital Locality of iofect ion Reference

SImpson ef al., 1970
I 24 , d I I  Apr., 1969 Okinawa Achatina fuilca

Yonamine and Ashimlne , 19 72

Simpson et aL. 1970
2 SS , 9 3 Jul., 1969 Oklnawa Achatina fulica

Yonamine and Azhimth e, 1972

Simpson et CL, 1970 U
3 68, d 9 Sep., 1969 Okinawa Achatina fulica U

Yonamine and Ashlmine, 1972 U

Aahlmlne Ct ml , 1910
1 year & ~ 26 May, 1970 Oku tawa Achatffia fulka Yonamine and Aahlmlne, 1972 U

months, d U

Aihlmine, 1976

5 47, 9 Oct., 1970 Miyako Deroceras Sieve Yonamine (personal commun icitlon)

6 43, cS Apr., 1974 Mlysko La. Waaulis mite Yonamlne (personal communication)
Naka moto et .L. 1974

7 34, 9 LI May, 1914 Mty~ko LCCVIcCUU, CUe KInjo et ml., 1975b

Naksjnoto , 1916

Kinlo it al. 1915., b
8 38 , 9 21 Feb., 1975 Miyako Bufo a~aticu:

Nakamoto, 1976

Kln$o it al. 1975a , b
9’ 20, d 21 Feb., 1975 Miyako flub asiatfcus

Nakamoto , ~976

10’ 53 , 9 23 Oct., 1975 Oklnawa Achatina fulica Nakamo to, 1976

11’ 1, 9 21 Dec., 1975 Oklnawa unkno wn Aahl mln., 1976

12’ ~9, d 14 Feb., 1977 Miysko A chatina Jlslica Hanada (personal communication)

Cases 1, 2, 3, 4, 10 and 12: eating or handling of the snail .
Cases 5, 6 and 7: swallowIng of the slug as a medicine.
Cases 8 and 9: swallowing of fresh liver of the toad as a medicIne.
Immunologically examined

Young adult worms of A. cantonensis have been found In the CSF only on rare cases
and therefore ,, the diagnosis of angiostrongyliasls is usually based on clinical characteristics
and results of Immunological testing. The Immunological dIagnosis, however, has been applied
only to a few cases. Sato at aL (1974) used Immunoadsorbent columns for the preparation
of a specific and highly responsive skin-test antigen. After dialysis against an excess of distilled ‘I

water and lyophuization of the antigen preparation, sterilized physioLogical saline was added
to make a protein concentration of 60 pg/mt. Fifteen minutes after Intradermal Injection
with 0.02 ml of this antigen solution Into the forearm, long and short diameters of wheals
and erythemas were measured and the mean diameter of a wheal over 9 mm was defined
as a positive reaction.
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FIgure 7. ImmunologIcal reactions on se~~ suspected cases of lgIo~rongyliasis
lii the Ryukyu Islands. a. Skin reaction on the foreann of Cu. 8,15 mInutes after Intradermal

• Injections with 0.02 ml of 4. ointonensb antigen. The margIns of uteats were outlined
withabsll.po t pen.Protein concentrdlonof l,2,3,4,S and6were 3.5,7,14,28,56

‘
~~~ and 112 pg/mI respsctlwly, and physiological saline as a control. b. Oudtterlony resctlouus,

of Cases 5, 7, 8, 9. 10 and ii. Ac: the whole worm extract o(4. nsiilo.usssls, IRS: the
infected rat serum, NHS: normal human serum, 5, 7, 8, 9. 10 and IL: the sara of Cases S
at 4 years and S months, 7 at 11 months, 8 and 9 at 40 days, lO at 33 day, said 11 *120
days after the suspected InfectIon or admission to hospital, rupectisuly. c. Oudiserlony
reactions with the sara collected periodically from Case 12. Ac: the whole worm eztract
of A. cnnthtensis. Case 12: the sera of case 12 collected as Indicated. d. heanunoelectrophore.
tic analysia of Case 12 sitowlng a periodical change of precipitin binds. Wells were filled
with the whole worm extract of A. cantsmenstr and trough. with the sara of C~~ 12
collected as IndIcated.

U 
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The results of immunolog ical testing 7 suspe cted cases of angiostrongy liasis are shown
in Table 10. Skin testing 5 cases showed positive reactions over 9 mm in mean size of wheal
and over 20 mm in mean size of erythema . Figure 7a presents the results of a skin test with
serially diluted antigen and physiological saline as a control in case 8. ProteIn concentration
at each injected site was 3.5 , 7, 14, 28, 56 and 112 pg/mi at No. 1, 2, 3, 4, 5 and 6,respec-
tively. The intensity of reactions decreased with higher antigen dilutions and no reaction
occurre d at the site of physiological saline. The sera from the same 7 patients were tested
in the IHA test with the antig en purifie d by DEAE-cellulose column and the immunoad-
sorbent column (Sato, 1975). The Ouchterloi~ gekliffusion method and immunoelectrophresis
were also used and the results are summarlz~d in Table 10. IHA titers in the sera of case 5
and case 7, 4 years and 5 months and 1 ths, respectively, after the suspected infection
were low , <1 :16 and 1:64. Higher antib titers �l :512 were obtained In cases 8,9, 10,
11 and 12. In cases 8, 9, 10 an4 11 , titefs of 1:256 and greater were detected in the first
sera tested of each case and the titers remained high for over 6 months in cases 8 and 9.
The antibody response in the early stage of infection was examined I~ cue 12 , In which a
titer of 1:16 was found 10 days after suspected Infection and the t i*r incr d to 1:2048
during the next 29 days. Although antibodies were also detected in the C of cases 10 , Il
and 12 , they appeared later and the antibody levels were lower than those In the sera.
In the Ouchterlony method, as shown in Figure 7b, c , the sara of cases 8, 9, 10, 11 and 12
showed positive reaction , but the sa ra of cases 5 and 7 were negative. Injhe immunoelectro. U

phoretic analysis of these cases , 5 or 6 precipitin bands were demonst~,*ed In the first
sera from cases 8, 10 and I I , however , only 3 precipit in bands were seen In case 9. The
numbers of such precipltin bands decreased with time after the suspected Infection and all U

of the bands except one disappeared at 180 days in ~cases 8 and 9. Conversely, periodic
examination of sera fro m case 12 showed a gradual incróase of the precip itln bands (Pig. 7d);
one precipitin band at 17 days increased to 5 at 46 thy). In contradiction to th~ skin test ,
IHA antibodies and precipi tatIng antibodies were pro4uced within 1 month , but were not
demonstrable 10 mont hs or more after infection. This suecested. as demonstrated in
immunoelectrophoretic pattern with Infecte d rat sara, ~hst at least 2 examInations by the
IHA test should be done at certain intervals of time t~. determine whether antibody levels
increase . In othe r wor ds a rise in !HA apt if~dy t iter€ is the most reliable serolog ic diagnosis.

To o~ ain more epidemlological information of the disease in the Ryukyu Islands ,
a skin test survey was conducted among inhabitants of Oklnawa , Miyako and Ishigaki and P

the results presented in Table 11. A total of 335 persons were tested and positive reactions
were obtained in 130 or 36.4% . The pos itive rates In Miyako (66.7% In the Karimata and
45.7% in the Nishmara area) where half (6 cases) of total clinical cases in the Ryukyu Islands
were reported , were higher than those of the other islands (23.6% in Ishigaki and 22.6%
in Naha). Similar results were obtained In a survey conducted in Taiwan , where positIve
rates among inhabitants of the south ern and eastern areas were higher than those of the U

northern and central areas. Another survey using the IHA test was conducted In the Ryukyu r
Islands (Otsuru et al., 197Th) and sera from 2,937 persons collected random ly in 20 areas
were tested. Included among them were the sera o[ 135 p~Ps6ns ~rho were skin -tested
in the Nishihara area of Mlyako. M seen in Table 12 , 

~ 
t~~6 I~he sera had antibody

titers of 1:16 or greater In every area , but only 1 .7% ~f ~j~ç cont up (Niigata Prefecture)
had titers ~ 1:16. The positive rates in Okinawa werd’ nerally higher among inhabitants
in agricultural districts of the northern areas than those of the central m d  southern areas.

U 

U
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Table 11

Skin test in inhabitants of the Ryukyu Islands comparing results with othe r areas

No. claisi fied by .1.. of ~vIiea1 U
Area No. examined 

~~7mm (—) 7-9mm (i) ~~9inm (+) Posit ive rate (%)

Nab. (Oklnaw.) 106 66 16 24 22:6
N~~hlhara (Mlyako) 138 53 22 63 45.7

Karlmata (Miyako) 39 1 6 26 66.7

Iah~ ,kl (Ishlgakl) 72 31 18 17 23.6

136 115 8 13 9.6
Nilgata (Honshu) 108 89 22 7 9.5

North ern 306 26~•~ 46 15.0 U

Central 161 138 29 18.0 U
Taiwan

Southe rn 626 39S~~ 231 36.0

Eastern 384 192eC 192 50.0

Students of Nilgata UnIversity School of Medicine
No. of cases which showed the wheal<9mm

In the Kushi and Nakijin areas, the positive rates were as high as 53.1% and 63.2%, respectively.
High positive rates were also obtained in the Nishihara (45.2%), Irabu (53.1%) and Hirara
(48.0%) areas of Mlyako, and among each of them the ratio of titers ove r 1:128 we re
57.411 of Nishihara and 44.1% of Irabu. In other islands, however, the positive rates were
not as high showIng 25.2% hi Izhigaki, 26.1% in Kume and 14.6% in lejima. Sara collected
from 61 persons who had IHA pcsitlve antibody levels in the Nishih ara area of Miyako were
tested fo.~crou-reactlvity against the other parasite antigens by the Ouchterlony method.
Clear pessipitin bands were observed between some sara and the antigens of f .~rofi1arta
Immf tta and/or Ascøis himbrtcoldn. The IHA tests were repeated with these sara absorbed
with immunoadsorbent gels coupled with the antigens of D. immitis and A. hunbricoides.
The number of positive sara with titers over 1:16 agaInst A. cantonensis decrease d to 33
(24.4%) after the absorption, and occurred mainly in the group of persons having histories
of habitual or occasional contacts with the Intermediate or paratenic hosts. In a similar
survey on Taiwan with the same antigens, positive IHA rates in endemic areas such as the
southern and eastern parts of the island we re higher than those In the northern and central
areas. The results suggested that most of the inhabitants showing positive immunologic rreactIons might have been infected unknowingly with the parasite or the diagnoses were 

U

incorrect . This was also suggested for results obtained in an examination of sera from susp ected
cases of Japanese encephalitis (JE) on Taiwan (Otsuru et aL, 197Th). DurIng the period
from 1972 to 1975, sara from 690 clInically suspected cases of JE were examined serologically
for hemagglutinatlon inhibition (HI) antibody for JE virus. A total of 658 sera were also U
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examined by lilA for angiostrongyllasls. The results are summarized in Table 13. The IHA
positive rate of the HI negative (excluded) group was significantly higher (46.9%) than those
of equIvocal (7.8%) and confirmed (3.4%) groups. Furthermore, when the IHA positive
rates were arranged yearly, the highest rate was always obtained In the negative group. An
apparent geographic difference was also recognized in distribution of the IRA positive
persons. The high positive rates were seen in the southern (23.8%) and eastern (15.3%)
areas where anglostrongyllasis is endemic, while in the northern and central areas the rates
were as low as 8.6% and 8.1%, respectively. These results suggest that a considerable proportion
of cases of meningoencephalitis of unknown etiology may be caused by A. cantonensir
infection or mistaken for the other diseases such as Japanese encephalitis.

Table 12

IHA test on inhabitants of the Ryukyu Islands compared with those from other areas

~~ 
c~sase.~~~y reciptocal flSA titer

r..
~*..4 (~~~~~swa) 94 71 6 4 6 3 4 24.5

)~~~iha (Okteawa) 14$ 10$ 14 9 5 4 8 27.0 U
N.k~JIe (Okinawa) 6$ 25 9 5 21 5 3 63.2
K.~~~ (OkMawa) 162 76 8 17 25 t O 26 53.1
Giaou (Cldnaw. ) 140 88 8 12 13 8 Ii 37.1

~~~ s (OkMaws) 90 7$ 3 1 0 1 7 13.3
Yons*tan (Oklnawa) 279 216 13 11 18 10 Ii 22.6
Nakagvauku (Oklnawa) 120 89 6 8 6 3 8 25.8
S.Jlkl (Oklnaws) 44 29 4 2 3 2 4 34.1 —

Nalia (Ok~~aw.) 393 348 6 1 14 20 4 11.5
Na.bava (OkMaw.) 98 79 4 2 4 3 3 16.8
Teaqusuku Ufokmnawa) 75 63 1 2 0 1 3 9.3
Ilasgurekv (Okteawa) 82 61 1 3 5 6 6 25.3
N.o (OkM.ws ) 194 173 6 3 3 5 S *0,8
Is (1s~~~a) 96 $2 4 2 4 4 0 14.6
Ks~~. (Kum.$ms) 272 201 21 17 IS 5 13 261

• Niskiii a (Mlyako) 131 74 5 3 15 6 29 45.2
ksbu (Illyslw) 64 30 5 $ 3 2 13 53.1

U Hkirs (Miyako) 100 S2 II 3 5 2 7 43.0
Iah~~ki (IslUgiki ) 286 214 21 12 15 7 14 25.2
Nllgata (Hoiwllu ) 242 238 3 1 0 0 0 1.7

Northern 179 143 13 5 10 3 5 20.1
Csuta,I 21$ 137 11 9 7 3 7 17.0

Tslw.a Southern 221 ISC 21 12 9 7 13 28.1
Isutern 253 131 35 IS II 9 29 36.0

The sara with antibody titer over 1:16 were regarded as positive.
Specimens from Taiwan were a male group of 20-years-old examined for military service.
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On Taiwan , 1.2 cases of angiostrongyliasis or eosinophilic meningoencephalitis (Cross,
1967) and 125 cases of eosinoph ilic meningitis or meningoenceph alitis caused probable
by I . cantonensis (Yu et aL . 1975; Yii, 1976) were reported. Many of these patients were
abor igines especially children and nearly all had contact with a molluscan intermediate
host. In order to evaluate the usefulness of the skin test for diagnosis of the disease, Suzuki 

Uet aL (1974) carried out tests on 21 cases of eosinoph ilic menin goenc ephalitis which occurre d
in the southern and eastern Taiwan using the same antigen employed in our skin testing 

0

studies. Six of 7 cases in which the time between the fir *t medical examination and the skin
test was w ithin 10 days , showed reactions below 9 mm in the mean wheal size, whereas I I
out of 14 cases (71 .4%) in which the time between examination and test was more than I
mont h the reactions were 9 mm or greater. From these results he suggested that the antibody
responsible for the sk in tes t could be detected 10 to 30 days after the onset of the disease .
In Thailand, Kamiya (1972) also examined 15 suspected cases of angiostrongy liasis by he-
magglutination and immunoelectrophoresis and most show ed positive responses.

In addition to these immunological examinations on human cases , immunological
aspects in A. cantonensis infection in experimental animals have been investigated in Japan.
The antibody productions in these animals were demonstr ated by a variety of immunological
methods, such as iminunodiffusion (Kamiya and Kanda, 1973; 1975; Sekikawa et aL,
1973; Yoshimura et aL , 1977), hemagglutination test (Kamiya and Tanaka, 1969; Kamiya U

and Kanda, 1973, 1974; Sate, 1975; Yoshimura et aL, 1977) and indirect fluorescent U
ant ibody test (Ishii and Kamiya, 1972). Reaginic antibody productions in rabbits and rats
infected with A. cantonensis were also demonst rated by Yosh imura and Yamaglshi (1976).
Sato et al. (1978) detected antigenic components of A. cantonensis in immune complexes
in the sera of infected rats. The positive micro-precipitation reaction s on living larvae and
eggs were reported as a metho d for the diagnosis by Oku et al. (1978). Yoshimura and his
co-workers studied cellul ar responses in infected animals (Yoshimura and Soulsby, 1976;
Yoshimura and Yamagishi, 1975; Yoshimura et a!., l976a, b) and developed a method
to surgically transplant youna adult worms from rat brains to the pulmonary arteries of
normal animals (Yoshimura et aL, 1978). This method seems to be useful for analysis of
stage specifIc immune responses as well as of development in abnormal hosts. Watanabe
et aL (1978) attempte d to culture the cells from sex glands of adult females and successfully
used the cultured cells as an antigen for the indirect fluorescent antibody test.

Recently, physiological and biochemical investigations on the metabolism of this , [
parasite have been carried out by Japanese researchers (Yanagisawa et aL, 1967-1971;
Maid and Yanag isawa , 1975-1978; Oguchi et a!., 1978). The results of these studies may be 

•

applied to the diagnosis and treatment of the disease in the near future .

MODE OF INFECTION 
0 

• 
U~~

.

Alicata and Jlndrak (1970) proposed that the distribution of A. cantonensis was In 0

accordance with the Introduction of the giant African snail, A. fuil ca. The snail shell often
grows over JO cm in the height and because of the migratory habit, rapacity, and high
susceptibility to the parasite, it may harbor tens of thousands of the infective larvae of
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A. cantonensis. The snail seems to have gradually spread from eastern Africa to the Pacific
regions. This gradual extension of distribution and the occurrence of rodent or huma n
infections with the parasite appears to be correlated geographically and periodically. On
Taiwan , the snail was introduced as a food in 1932, the adult A. cantonensic was detected
in rodents in 1937 and the first human case occurred in 1944.

in the Ryuk yu and Axnami Islands , the snail was introduce d, possibly, from Taiwan
as a medicine for asthma between 1935 and 1940 and from the South Pacific Islands as a food
during World War II. Rodent and human infections with the parasite were reported in 1964
and in 1969 , respectively . Althoug h the snail was consumed as food during and after World
War II in the Ryukyu Islands , this habit is not practiced at the present time and , because
of its damage to vegetables , control measure s have been implemented on many islands.
On Miyako the snail is used as food for eel and prawn cultivation . In addition , the inhabitan ts
have a custom of using live slugs and fresh liver of frogs or toads in the treatment for asthma . 

U

These practices of course have epidemiolog ical significance in human Angiostron.gylus
infections.

Whether third -stage larvae can be release d from the intermediate or paratenic hosts
naturally and whethe r the larvae can invade the skin is important in transmission of the
parasite to man. According to recent observations in Okinawa (Asato and Kish imoto ,
l976b), third-stage larvae of A. cantonensis were not released from A. fulica livin g or dead,
as long as the body was not damaged. In the case of L. alte, the larvae began to escape
from the snail within several hours after death with more than half of the larvae being shed U
24 hours after death. If the mant le or intestine of A. fidiaz was damaged, act ive larvae U

we re released during a period for abo~•t a week In water at 10-20 C. The release d larvae
were capable of infecting rats orally or through lacerated or intact skin, similar to findings
by Interm ill et a!. (1972). The rate of infection through the skin, however , was relatively
low. Acat rding to Cheng and Mlcata (1964), infective larvae of A. cantonensis were
observed to escape in small numbers from snails and slugs immersed in water , especially
injured molluscs. These results suggest that Infecti on can possibly be acquired by eating raw 0

veg etables bearing the small intermediate or paratenic hosts or the larvae shed or passed U

from snails, slugs or paratenic hosts , and that the infection throug h skin may also occur
under suitable condition . 0

SUMMARY

The medico-zoological findings on the definitive, intermediate and paratenic hosts
for Angloserongylus eantonensis and human infection in Japan have been described on the
basis of research reports by Ja~j~~’ v~orkers and from data obtained fr om the surveys
conducted by the Medical Zoology Department, Niigata University. The find ings were

0 related more to the Ryukyu Islands , the Southwest (Nansei) Islands of Japan , in addition
to neighboring Taiwan.

In the Ryukyu and Amami Islands, the giant African snail, Achatina f ulica, was

introduced from Taiwan in 1935 to 1940 and from the South Pacific Islands during Worl d
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War II. The adult and larva of A. cwvtonensls have frequently been found In wild rats and
mollusks Induding A. fi~&a sInce 1964 mainly in the Ryukyu Is1as~d. Twelve human cases
of eoulnophilic menlngoencephalitls probably due to A. canto,peasls have been reported
sInce 1969, 30 years after introduction of the snail.

Immunolo~lcal diagnosis was carried out on some patients, while the Immunological
surveys were conducted among the inhabitants. The source of infection of anglostrongyllasls
has been Investigated by several workers, and A. cantonensis has been found In a large
number of rats and several species of snails and slugs of the Ryukyu Islands. The infection
rates are as high as those reported In Southeast Asia and the Pacific Islands. Infective-stage
larvae were also found in frogs and toads and the medicinal use of Bufo adaticus has been

0 
assocIated with 2 human cases.

The distribution of the parasite has been extended along the northern parts of the
Southwest Islands further to the southernmost areas of Kyushu. Since 1968 the parasite
has been recovered from rats and slugs In the middle of Honshu and from rats In Hokkaldo.
These findings suggest the possibility of human anglostrongyliasls occurring in many
parts of Japan.
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EXPERIMENTAL STUDIES ON ANGIOSTRONGYL US SPECIES

AND STRAINS IN MONKEYS AND LABORATORY ANIMALS 4

JOHN H. CROSS

Medical Ecology Department, U. S. Naval Medical Research Unit No. 2
Taipei, Taiwan, Republic of China

Until a few y ars ago Taiwan was the only endemic area for Anaj oasrongyhu cwstonensls
reporting the recovery of larvae of this parasite from the cerebrospinal fluid (CSF) of patients
with eosfnophllic meningitis or eoslnophillc menlngoencephalitls. Similar findings have
since been made from Thailand and Malaysia, but only on rare occasions. Oier 250 suspected
and confirmed cases of anglostrongyliasis have been reported on Taiwan since the first report
b~ Nomura and LAn (1945), and larval forms of the parasite have been recovered from nearly
10% of the cases (Chin, 1978; Cross, 1978)~ in experimental studies conducted at NAMRU-2
with the Taiwan strain of A. onston~~~ It was shown that the oral administration of large
numbers of A. cantonensis larvae to the Taiwan monkey (Macaca cyclop is) resulted In death
of tJie animal (Wood, 1965, unpublished), however In similar studies In Malaysia using a
Malaysian strain of A. cantonezssis and Malaysian monkeys, the animals survived heavy
Infections (Heyneman, August 1966, personal communication) . The presence of A. canionenstr
larvae in CSF of patients In Taiwan, the finding that Taiwan monkeys died with large numbers
of A. cantonensis while monkeys In Malaysia survived, prompted studies on the patbogenicity
of the Taiwan strain of A. cantonensla In Taiwan monkeys and studies to determine whether
differences existed between geographic strains of the nematode. The results of these studies
will be reported here along with studies undertaken on host parasite relationships and
acquired Immunity in monkeys and rats. Brief mention will also be made of experimental
stud ies of strains and speci es of AI ’4j ossrongyhis In other monkey species and laboratory
animals.

• Tht, study was supported theou funds provided by tilS Naval M,di~I R.p,arch sod Dsvslopm..t
Cosumsad, N.vy Dspartmuit for Woek Unit MR 005.09 — 0046 B.
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Ad~~es. reprInt requests $o~ Publications Omc., NAMR U-2, BOX 14, APO S.. Fesacico.
CalifornIa 96263, or 7.1 Kiing Yusa Road , Talpal, Taiwan, RapubBe of ChIna.
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MATERIALS AND METHODS

Eight strains of A. cantonensis used were kindly provided by investigators from several
geographic area. Table 1 lists the strains , the intermediate molluscan hosts from which the
strains originated , and the persons providing the strains. The larvae were isolated from the
molluscs by standard methods of homogenizing the mollus can tissue , digestion in artificial
gastric juice and recovery from a Baermann apparatus . The nematode stra ins were Cs.
tabl ished in Long .Evans (hooded) rats and maintained in the Laboratory by passage through
Biomphala,ia glabrata and rats. Infections were introduc ed with water into animals by stomach
tube in dosages of 50 larvae for rats and approximately 10,000 for monkeys. Rats and other
laboratory animals were from colonies mainta ined at NAMRU.2 and the monkeys were
orig inally obtained from animal dealers on Taiwan and retained in the laboratory for 6 to 12
months or longer prIor to use . Both male and female adult monkeys between 4.5 kg body
weight were used.

Table l

Sources of geographic strains of Angiostrongylus can f onensis

Strain Host - Provided by

Taiwan Achatina f i~lIca NAMRU.2
Thailand lYle sp. Dr. Chamlong Harlnasuta

Mahidol University, Bangkok
HawaiI Blomphalarla glabra ta Dr. Leon Rosen

Pacific Research Section
National Institutes of Health
Honolulu

Indonesia Achatina f lilica Dr. Sri Margono
University of Indone ia, Jakarta

Viet Nam Ache rina f tullca Dr. Sheldon White 
rU. S. N. Preventive Medicine Unit

Denang V
Philippines VaginubAs p lebelus Dr. Niela Salazar

Achatina f liilca Institute of Public Health
University of the Philippines, Manila

• 
- Malaysia &adybaena similaris Dr. Boo4lat LAm

Mvavp ann.ion nwb,wws Institute for Medical Research
Laevk~~ha, else Kuala Lunupur

Okinawa Achatina f iN es Dr. Tom ~mpson
Okinawa Central Hospital
Okinawa , Japan
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One to 2 days prior to infection and biweekly thereafter blood and CSF were obta ined
fr om the monkeys and examined by standard methods for changes associated with the
infection. Body temp erature s we re followed and white blood counts done on blood and
CSF. Protein , glucose and chloride determination s were also done on CSF. Monkeys that
died were necrop sied and examined for the presence of the parasite and for pathologic
changes. Tissues from the major organs were studied histologically . Rat contro ls were killed
when the monkeys died and examined for the parasite.

In studies on host parasite relationships and acquired immunity rats and other laborato ry
animals were infected with known numbers of larvae and killed at various times. Methods
varied with experiments and details will be presented with the results.

RESULTS

Pathogenesas of the Taiwan strain of Angsostrongylus cantonensis in monkeys. The
Taiwan strain of A. cantonensis was found to be highly pathogenic to Taiwan monkeys. Nine
animal were given 10,000 larvae of A. cantonensis and all died as a result of the infection
between 7 and 35 days (Table 2). Prior to death the animals refused food and lost from - 

-

0.5 to 2 kg body weight depending on the length of survival. Some animals became listle ss
and collapsed in their cages and some develop ed flaccid-hindquarter paralysis. Most develop ed
elevated body temp erature of 2-3 F and lower temp eratures when nearing death. Peripheral
blood leukocytosis develop ed in most animals and ranged from 11,000-17,000/cu mm but
without marked elevations In peripheral eosinophiles. Leukocytosis was greatest In most
animals 2 weeks postinfection. Pre-infection leukocyte levels ranged from 7,000-11,000/cu mm.

TabI e 2

Pathogenesis of the Taiwan strain of Angiostrongylus cantonensis
in the Taiwan monkey Macaca cyclopis

Signs, symptoms and necropsy findings after exposure - 
• r

to 10,000 larvae.

• Loss of appit ite and body weight.
2. LeukocytoMs without marked eoslnophflha.
3. SpInal fluid cloudy, eosinop hillc pleocytosis.
4. Worms on occasion In spinal fluid.
5. HIndquarter flaccid paralysis.
6. Death 7-35 days .
7. Vascular congestIon of all organs.
8. Worms in leptomen inges , brain and cord .
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The CSF from all animals was cloudy and contained erythrocytes, neutrophlles,
lymphocytes and eosinophiles. Eosinophthc pisocytoses were usually highest, 200-700/cu mm
between 14 and 2* days po.~~fe~-t1osi. On a few occasions third-and-fourth-stage A. cantonensis
larvae were recovered from the spinal i~ud. CSF protein, glucose and chloride levels varied
during the course of the disease from 19.96 mgi, 30-180 m~~ and 120.135 mEq.IL,
respectively.

Generally at autopsy the lungs were found to be atelectatic and there was vascular
congestion of all organs, including the central nervous system (CNS). A. cantonensis
larval and young adult forms were found in the ~ptomeninges, brain and spinal cord but
the parasite was not found in the lunge or other organs. Death was attributed to meningitis
and or myelltls.

Necropsies were done on all animals but for brevity only CNS histological findings
from representlve animals will be presented. In a monkey that dIed 7 days after infection
there was vasculature congestion in the leptomeninges (Fig. I) but very little tissue reaction
was seen. Similarly in an animal that died after 13 days there was hemorrhage into the
subarachnoid space In the cerebral hemisphere but little reaction associated with the- parasite.
Figure 2 is a section of spinal cord showing the parasite in the central canal with very little
reaction . In a monkey that died at 24 days the cerebral leptomeninges were congested;
lymphocytes and a few neutrophiles were found near parasites in the tissue (Fig. 3). In a
second monkey that died after 24 days a great deal more tissue reaction was seen with
eosInophiles, plasma cells , lymphocytes and foreign body giant cells . Similar results were
observed In an animal that died at 32 days post infection in which there was perivascular
hemorrhage , lymphocytes and giant cell formation (Fig. 4). Giant cells were associated
with dead rather than living worms.

Worms were recovered from the brain and cord of most animals necrops ied. In early
Infections most parasites were in the third larval stage and ranged in size from 0 344 .4 mm.
After one week a few fourth-stage larvae were found and were 0.64-0.72 mm in length.
Worms after two weeks in the monkey were fourth-stag e and ranged in size from 1 .2.2.2 mm.
At three weeks fourth -stage larvae and young adults were found and measured 3.1-6.1 mm.
After four weeks the ~~rms were still fourth-or-fifth-stage and measured 4.8-9.8 mm.
Worms in rats at this time were In the lungs and In the adult stage, varying in length from

- 11.7-16.3 mm. Worms were never found In the lungs of monkeys. • 

-

Since it had been established that 10,000 larvae of A. cantonensis wo uld cause death
In Taiwan monkeys, additional experiments were don e to determine the pathogenesls at
lower larval dosages. One monkey each was given approx imately 500, 800, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000 and 10,000 larvae of the Taiwan strain. All
monkeys developed an eodnophilic pleocytosis and monkeys given 5,000, 7,000, 9,000 and
10,000 larvae died at 32, 21 , 14 and 32 days post infection , respect ively. Worms were recovered
from the CNS of all animals and the hlstop atholog lc findings were similar to those reporte d
above at the respective days. These studies showed that while some animals died when given
lower numbers of larvae , larger dosage were generally required to kill the animal . All of the
monkeys surviving these Infections were later given 10,000 larvae of the Taiwan strain to
determine If Immunity was acquire d. Although all develop ed eoslnoph illc pleocytoses,
all surv ived the challenging Infection; control monkeys given 10,000 larvae died.
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Figures 1.4. Histolog ical sections of the central nervous system of monkeys with
experimental angIostrongyliasis (H & E, Xl00). (1) Brain of monkey 7 days posti nfection
showing vascular congestion , but little tissue reaction. (2) Cord of monke y 13 days post-
infection showing a cross -section of a worm in the central canal but little tissue reaction.
(3) Cross -section of A. cantonensis In the cord substance of a monkey that died 24 days
after infection; cellular Infiltration was evIdent. (4) Foreign-body giant cell formation around
A. can f onensis larva in the cord substance of a monkey that died 32 days afte r infection
with 10,000 third -stag e larvae. ‘

Rats were also given varying numbers of larvae to determine lethal dosages. Six rats
were each gIven 100, 150, 200, 250, 300, 350, 400, 450, 500, 800 and 1,000 larvae. As
expected the survival time decreased as the larval doses increased . Rats receiving 100 and
150 larvae survived significantly longer than rats receiving 200 larvae and above ; i.e . rats
given 100 larvae survive d an averag e of 204 days, 150 larvae 131 days , 200 larvae 65 days
and above 500 larvae less than 29 days .

• Pathogenesis of geographic strains Anglostrongyhis cantonensis In the Taiwan monkeys.
• While the preceeding studies were underway stra ins of A. can tonensis were obtained
• from Thailand, Hawaii, Indonesia, Viet Nam, Philippines, Okinawa and Malaysia. Once

established In the laboratory, approximately 10,000 larvae from each stra in were introduced
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Into Taiwan monkeys and the animals followed. Additional monkey s were also infected
with the Taiwan strain for comparison. Table 3 lIsts the number of monkeys exposed to
infection, the number that died and the days of survival after infection. All animals given the
Taiwan, Thailand, Hawaiian, Indoneann, VIet Nam, Philippine and Okinawan strains of the
parasite died. Some animals survived the infection for only a week, while others lived for
several weeks. The animals manifested symptoms similar to those reported above for monkeys
given the Taiwan strain. The blood, CSF , grose and histo-pathological findings were also similar.
In other words, the pathogenesls of strains of A. cantonensis from Thailand, Hawaii, Indonesia,
Viet Nam, the Philippines and Okinawa was similar to the Taiwan strain in Taiwan monkey L

Conversely, the results obtained from monkeys exposed to the Malaysian strain of
A. cantonensis were different. Seven Taiwan monkeys were given 10,000 larvae of this strain
but none died. The animals lost weight and developed an eosinophlllc pleocytoses but
all recovered completely after 3 or 4 weeks.

Table 3

Survival time of Taiwan monkeys given 10,000 larvae of
geographic strains of Angiostrongyhis cantonensls

Number -

Geographic monkeys Number Number Days of
strain infected died survived survival

Taiwan 18 18 0 6-35
Thailand 3 3 0 11-12
Hawaii 5 5 0 6-16
Indonesia 2 2 0 7-11
VIet Nam 2 2 0 6-28
PhIlippines 2 2 0 6-12
Oklnawa 4 4 0 6-20

- 

- Malaysia 7 0 7 - a

Further studies with the Mainy~~n strain of Angiosirongylus cantonensis In the Tahmn
monkey. As a result of the above fIndings additional studies were done on the pathogenesis y
of A. cantone,uü from Malaysia In the Taiwan monkey. First a monkey was infected with
10,000 larvae of the Malaysian strain and kIlled 14 days after infection to determine whether
the worms migrated to the CNS. At necropsy the CNS was congested and lymphocytes - -

were present. Third-end-fourth-stage larvae, 0.75.4.1 mm In length, were recovered from - -

the brain and cord. Worms from the brain of control rats were fourth-stage and ranged In
size from 2.0-7.8 mm.
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In another experiment , two monkeys were each given 20,000 larvae and the animals
followed. There were no symptoms and little change In peripheral leukocytosis and body
temp erature , but eosInophilic pleocytoses occurred . Protein and gluco se levels In the CSF
became elevated but decrease d after 2-4 weeks and chloride levels changed very lit tle . The
eosinophiles disappeared from the CSF after one month and both animals survived.

Subsequently , a comparative study was done whereby 3 monkeys each were given 10,000
larvae of either the Taiwan or Malaysian strain of A. cantonensis and one monkey from
each group killed at 10, 20 and 30 days postinfection. Bosinophi,.; pleocytose s developed
in all animals and there were increases in CSF protein and glucose. At 10 days postinfection
over 500 third-and-fourth-stage larvae of the Taiwan strain were recovered from the brain
and cord of the monkey at necrop sy. The larvae ranged in size from 1.3-2.3 mm. A mild
meningeal reaction with a few eosinophiles was seen in the tissue (Fig. 5). In the monkey
given the Malaysian strain only 7 third-stage larvae were recovered from the CNS end these
measured only 0.4-1.5 mm in length. Very little t issue reaction relate d to the infection was
seen in the CNS (Fig. 6). At 20 days postinfectio n 34 fourth-stage larvae (2.9-7.3 mm In length)
were recovered from the CNS of the monkey given the Taiwan strain and a severe meningeal
reaction was seen along with an out-pouring of eoslnophiles and lymphocytes (Fig. 7).
Although no parasites were recovered from the monkey given the Malaysian strain and killed
at the same time, a mild meningeal reaction was seen with a slight infiltration of lymphocytes
and eôsinophlles (Fig. 8). The monkey given the Taiwan strain and killed at 30 days had a
se”ere meningeal reaction with giant cell granuloma formation containing eosinophiles
(Fig. 9). Only 5 liv ing worms were recovered from the brain and these measured 4.8-9.8 mm
in length. No worms were foun d in the CNS of the monkey given the Malaysian strain
and no evidence of meningitis was observed (FIg. 10).

A~ uired Immunity In monkeys given the Malaysian strain. A series of experiments
were also done to determine whether monkeys once infected with the Malaysian strain of
A. cantonensis were susceptible to a challenging infection with one of the pathog enic strains.
The seven monkeys initially infected with the Malay sian strain along with control monkeys,
not previously exposed to infection, were given 10,000 larvae of either the Taiwan, Thailand
or Hawa iian strains. Althoug h all monkeys previously expose d to the Malaysian strain
developed eosinophllic pleocytoses, none died as a result of the challenging inf~ction. The
control monkeys , however , died within 2 to 3 weeks. Some of the monkeys initially given
the Malaysian strain were later challenged with equally large larval dosages of a pathogenic L -
strain, a second and third time , and all animals survived the challeng es. After the first challenge
there was little eosanophi lic pleocytoses suggesting that the worms on secon d and third
challenge failed to reach the CNS.

Conclusions on the Malaysian stra in of Angwstrongylus cantonensis. The results of
these studies , at this point in the investigation, indicated that the Malaysian strain was
indeed different from the other geographic strains of A. cantonenth tested. Although
the parasite was capable of migrat ing to the CNS in monkeys in small numbers and was
able to cause some disease, death did not result from the infection. Furthermore, the stra in
was able to immunize monkeys against the lethal effects of high numbers of larvae of
geographic strains of the parasite shown to be pathogenic to monkey s.
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Figures 5-10. Histologic sections (H & E, Xl00) of central nervous system tissue
from monkeys given 10,000 larvae of A. cantonensis or .4. malaysiensis and killed at 10, 20
and 30 days. (5) Section of the brain of a monkey given A. cantonensis and killed 10 days
post infect ion ; a mild reaction with some eosInop hiles were present at this time . (6) Little r
reaction is associated with .4. malaysIensis larva in the spinal cord at 10 days. (7) A severe
meningeal reaction with eosinoph iles is evident around A. cantonensls larvae in brain tissue of
a monkey killed at 20 days. (8) Only a mild meningeal reaction is seen in brain tissu e , from
a monkey given A. malaysiensis and killed at the same time. (9) Spinal cord from a monkey
given A. cantonensis and killed at 30 days showing a giant cell granuloma . (10) Brain of
monkey given A. nialayslensli and killed at 30 days; no evidence of meningitis was seen.
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Development of geographic strain of Angiostrongylus contonensis in rats and other laboratory
animals. The result s obtained from pre viou s studies of geographic strain of A. cantonensis
in monkeys prompted a return to basic studies of the various strains in the definitiv e
rodent host. Twenty male rats were each given 50 thir d-stag e larvae of the Taiwan , Thailan d,
Hawaiian , Indonesian , Vie t Nam, Philippine and Malaysian strains and the rats killed
42 days postinfection. Adult worms we re recovere d from the pulmonary vessels of the
rats , counted , fixe d and measured. Table 4 lists the percentage of worms recovered from
the rats given each of the respective geographic strains and shows that 70-82% of the
worms of the pathog enic stra ins we re able to complete development while only 61%
of the larvae from the Malaysian stra in were able to do so. While the worm recovery rates
for the Malaysian str aii’s we re signIficantly smaller than rates for the Taiwan , Thailand ,
Philippine and Indonesian strains (P<.O1) (Kruskal and Walls Test), they were not significantl y
different than recove ry rates for the Viet Nam and Hawaiian strain (P<.05).

Table 4

Development of geographic st rains Anglostrongylus cantonensis
in the laborato ry rat given .50 larvae : adt~lt worm recoveries

Percentage of
Geographic No. of worms recovered

strain rats Range Mean

Taiwan 20 38-92 82
Thailand 20 58-92 75
Hawaii 20 42-84 73
Indones ia 20 • 62-94 80
Viet Nam 20 46-82 70
PhilIppines 20 66-94 80
Malaysia 20 26-92 61

* To nearest whole number. -

Total lengths of 70-80 male and female worms from each st rain recovered from rats
were determined and both males and females of the Malaysian strain were found to be
sig nificantly small er (P < .001) than worms from the other geog raphic strains (‘l’able 5).
The spicules of the males from each strain were also measured (TabLe 6) and those from
males of the Malaysian strains were significantly smaller (P< .001). Conversely, the spicu les of
the males of the Thailand strain were significantly larger (P< .001). (Splcu lar size was shown
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by Bhaibulaya, 1968 , to be an important taxonom ic character in describing A. niackerrasae
as a new species). -

Table S

Geographic stra ins of Angiost~vngylus cant onensis
in laboratory rats: measu rements of adult worms

IGeographic Length of females (mm) Length of males (mm)
strain Range Mean Range Mean

Taiwan 15.8-24.0 21.1 13.1-20.0 17.7
Thailand 17.7-24.8 22.4 13.4-19.3 17.6
Hawaii 183.25.5 21 .9 14.5-18.6 163
Indonesia 17.3-23.5 20.9 14.2-17.8 16.2
Viet Nam 19.0.25.2 22.2 14.2-19.9 16.8
Philippines 16.5-23.9 213 14.5-1 7.5 15.9
Majaysia 15.6-23.4 19.2 13.4-16.6 15.3

70 to 80 of each sex measured.

Table 6

Geographic strains of Angiostrongybss cantonensis
in laboratory rats: length of splcules (mm)

Geographic No.
stra in measured Range Mean

Taiwan 328 1 .10- 1.47 1 .25
Thailand 307 0.96-1.46 1.32
HawaIi 319 0.97.1.45 1.22
Indonesia 319 1.06-1.39 1.26 

- 

-Viet Nam 266 - 1.07.1.43 1.26
PhilIppines 384 0.94-1.35 1.18
MalaysIa 272 0.88.1.44 1.01
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Other laboratory animals such as mice , hamsters , Mongo lian gerbils , guinea pigs and
rabbits we re given 50 larvae of the Malaysian strain , but the parasite was not able to com plete
development in th ese hosts. Most animals died within 1-2 weeks and larval worms we re
found in the brains. A few of these animals survi ved but no worms were found in the CNS,
lungs or elsewhere at necropsy . Adult worms were recovered from the lungs of rats serving
as ~Ontrols for each infection and killed 42 days postinfection. In a companion study with
the Taiwan strain of A. cantonensis similar results were obtained on the development
of the paras ite in the above animals. All animals died with larval forms found in the brain s
but in a few hamsters young-adult worms were recovered from the lungs at 25 days post .
infection . Additional studies we re done with hamsters whereby 10 animals each wer e
given 25 larvae of each of ~the geographic strains. All animals died between 16-30 days and
while most worms were found in the brains , 1-5 worms were recovered from the lungs
of a few hamsters rec eiving the Malaysian , Taiwan and Philippine strains.
Confirmation of a new species; Angiostrongyhis malaysiensis. While the studie s on
geog raphic strains of A. cantonensis we re becomin g finalize d discussions were held with
Dr. Manoon Bhaibulaya , Faculty - of Tropical Medicine , Mahidol University, Bangkok ,
Thailand on the possibility of the Malaysian strain being a new species of Angiostrongylus.
After careful study of the morpholog ic features by Dr. Bhaibulaya, the Malaysian strain
was described as a new species, A. malayslensis (Shaibulaya and Cross , 1971). To validate
the status of the species we undertook cross -breeding exper iments whereby single third -stag e
larvae of A. cantonensis and A. malaysiensis were fed to laboratory rats. Infect ion developed
in one rat and the F1 hybrid larvae, after passage in snails , were fed to rats. Patent infections
did not develop in the rats and at necropsy the male worm s were found to be sterile.
These findings indicated that A. malaysiensis was a valid species (Cross and Bhaibulaya ,
1974).

In another hybridizing experiment we attempted to backcross the F1 hybrid with the
parent species. Twenty rats were each given one larvae of the respective species and two
rats become positive. Snails (B. glabrata) were exposed to the first-stage larvae and eithe r
one or two of the third-stage larvae of the F, hybrid from these snails were given to 80
rats along with one larva of either parent species; A. cantonensis or A. malaysiensis. Patent
Infection s developed with first -stage larvae being recovered from 9 to the 80 rats. Adult
worms were found in the pulmonary vesse ls of most of the remaIning 71 rats , but in all
cases reproduction did not occur when the males were F1 hybrids. In animals with patent P
infections the males were always of either one of the parent species. The hybrid femal es

- were fertile since backcross progeny were recovered from rats infected with them and males
from either parental species . The results of these backcr ossa ng experiments offer further
evidence that A. malayslensis Is a valid species.
Development of Anglostrongylus mackesn,see In Taiwan monkeys. A. mackerrame
was obt a~ned from Dr. Manoon Bhalbulaya from Australia . The parasite was established
in Long-Evans rats and 8~ glgbra:a in the laborato ry and on 3 different occasions Taiwan
monkeys were exposed to infections with 10,000 thIrd- stage larvae. Although a small number
of eosinophil es were found In the CSF 2-4 weeks after infections the animals did not manifest
symptoms of infection and ill 3 survived. One animal died of ot her causes 3 months after
infection and at necrop sy no parasites were found and patholog ic changes attributed to the
infection were not observed. Rat controls were killed after several months and adult A.
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mackerrasae we re recovere d from the lungs.
Acqufred immunity In rats to Anglosrr ongyh~s ointonensls. Early in these investigations
expe riments were carried out to determine whether rats were able to acquire immunity to
A. cantonensis. In the first exper iment Long-Evans rats were given 50 larvae as an Immunizing
infection followed 40 days later with a challenging infection of 50 additional larvae.
Control rats for each Infection were also given 50 larvae. All animals were killed 40 days
after the challenging and 80 days after the immunizing infections. The brains and lungs
were exam ined at necropsy and worms recovered . Table 7 lists the results and shows that
only 41% of the total (100) number of worms given was recovered from the lungs of
immunize d rats while 77% and 74% wer e recovered fro m the controls for the respective
infections. The differences in the percentag es of worms recovered from the immunized
compared to both groups of control rats were significant (P<.00l) by Wilcoxin ’s Test .

Table 7

Acquired immunity in rats given an immunizing infection of 50 larvae of Angiosirongylus
cantonensis and challenged with 50 larvae of Angiostrongylus cantonenszs;

rats killed 40 days after the challen ging infection

Group I (immunized) Group II (control ) Group III (control)

No. rats 20 8 8
Days after 1st infection 80 80 -

Days after 2nd infection 40 - 40

Worms recovere d Worms recovere d Worms recovered_ Lung

No. range 
- 

35-54 31-47 32-45
No. average 41 39 37
% recovered 41X~ 77~,+ 74%+

Rounded to nearest whole number. + Based on 50 worms. +# Based on 100 worms.

r
- Since adult worms from the Immunizing infection could not be distinguished from -

those of the challenging infection in expethnental rats it was not certain whether the
differen ces between recovery rates were due to an immunologic response against the parasites
or possible due to other factors such as crowding. A second experiment was subsequently
carried out whereby the immunizing and challenging infections could be distInguished
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(Table 8). Rats were immunized with 50 larvae, challenged 40 days later with 50 larvae and
killed 18 days after the challenging Infection (a time when the larvae are in the brain).
The animals were necropsied and worms recovered from the brains and lungs. Only 8% of the
worms of the challenging infection were recovered from the brains of Immunized rats
(Group I) while in the unimmunized control rats (Group III), 78% of the worms were
recovere d from the brains. These differences were significantly different (P<.00l). Eighty
percent of the worms from the immunizing infection were recovered from the lungs of rats
(Group I) killed 58 days after the immunizing Infection and 90% of the worms recovered
from the controls (Group IV) killed at the same time . However , in rats (Group II) immunized,
challenged and killed 80 and 40 days, respectively , after infection a total of only 51% of the
worms were recovered from the lungs. Worm recoveries from the control rats at these times
were 84% (Group V) and 80% (Group VI). These results were similar to those of the previous
experiment and in most cases the majority of the worms recovered from the lungs of the
immunized rats were considered to be from the primary infection . These findings indicate
that the parasites are able to complete migration and development in unimmunized rats,
but in the immunized animals development is suppressed and the immune response appears
to act against the larvae migrating to the brain.

Table S

Acquired immunity in rats given an immunizing infection with 50 larvae of Anglostrongylus
cantonensis and challenged with 50 larvae of Angiostrongyhis crzntonensss;

rats killed 18 and 40 days after challenging infection

Group I Group II Group HI Group IV Group V Group VI
(Immun ized) (Immun ized) (control) (control) (control) (control)

No. rats II 7 6 5 2 6

D y s sft.r lit
mf .ctlo. 60 - 58 -

D.yi $ftir 2nd -

Mtdctio. 16 40 18 - - 40

worm, wor ms Worm. Worms Worms Worms
r,co,m.d rscoymsd iuco,m.d ,,ocv.r,d mcovm.d recovered

• _ Lung Brs~~ ~ ue Lu~~~
4

No. “er 0.15 31.49 30-57 39.54 36.43 42-45 40-43 31-49
No. .vers~s • 4 40 44 51 39 45 42 40

S recove ry S%~ R%• 44%~~ SI %~ 7U%~ e0%~ •4%~ SO%

1o nearest whole number. + Hued on 50 larva.. +~ Hued on 100 larvae.
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Acquimd immunity in rats to Angiosirongyh~s. nialaysiensis. When it appeared that
the Malaysian strain may possibly be a new species of Angiostrongyhis, studies were done
to determine whethe r rats could also develop an acquired immunity to this strain.

Rats were immunized wIth 50 larvae of A. malayslensls and challenged 40 days later
with 50 additional A. malaysiensis larvae. Controls for both infections were given the same
numbe rs of larvae and the animals killed 20 and 42 days after the challenging infection .
Table 9 presents the results. At necropsy 40% of the worms from the challenging Infection
were recovered from the brains while 42% of the worms from the immunizing infection
were recovered from the lungs of these animals (Group I). In rats killed 82 days after
the immunizing infection and 42 days after challenge (Group II) 43% of the worms were
recovered from the lungs. Worm recoveries from the brains of control rats (Group III)

- killed 20 ‘~ays after infection averaged 54% and recoveries from the lungs of controls killed
42 (Group IV) and 60 days (Group V) after Infection averaged 56% and 411%, respectively .
Although, the recove ry rates were somewhat lower in Immunized rats than in the control
animals the differences in percentages of worms recovered were not significant. The finding s
indicate that the development of acquired immunity In rats to A. naei~yalens1s. under these
experimental conditions is minimal .

Tabla 9

Acquired immunity in rats given an immunizing infection of 5&i larvae Angiostrongyh~sn aysiensis and challenged wish 50 larvae of Anglostrongyhu melsysiensls;
rats killed 20 and 42 days after the chal lenging infection

Gfoup I Group II Group III Group IV Group V
(Immunized) (Immunized) (control) (control) (control)

No n e, 9 9 10 10 4 -~~~~~

Days after 1st Infection 60 82 - - 60

Days after 2nd Infect ion 20 42 20 42 -

Worm. Worms Worm. Worm. Worm s
r.nov~ ed recovered recovered recovered recovered

~~~~ l~~~ 
_ 

~~!E ~~~ P

No. range 6.36 5-32 11.40 30-53 16-31 20-38 13-25

- No. avenge 20 2* 41 43 27 28 20 r
% recovery 40%~ 43%~ 4I%~~~ 43%~~~ 545+ 565k 

~~~~~

Rounded to nesreet i~~o4. ..~~~~~. + ~~.sd on $0 worms gives. ++ Bs.ed on 100 worms given.
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cross-immunity between Angiostrongylus ca ’uon ens!, and Anglostrongyhis malayslensis.
An experiment was carried out to determine whether A. cantonensis coul d immunize rats
against A. malaysiensis. Rats we re Immunized with 50 larvae of A. cantonensis and the acquired
immunity challenged 40 days later with 50 larvae of A. inalaysiensis.

The rats immunized with A. cantonensis wer e necrops ied 20 days after the challenging
and 60 days after the immuniz ing infection (Table 10). Eighteen percent of the worms from
the challenging (A. malayslensis) Infection were recovered from the brains and 82% of the
immunizing infection (A. cantonensis) recovered from the lung of the immunized rats
(Group f);~In the control rats for the challenging infection 28% of the worms (A. malayslenis)
were recovere d from the brain at 20 days (Group II) and 20% from the lungs of rats killed
at 40 days (Group III). In controls (Group IV) for the Immunizing infection (A. cantonensis)
86% of the worms were recovered from the lungs at 60 days. Althoug h the percentage of
worms recovere d in the immunized rats was lower than for the controls , the differences
in recovery rates were not statistically significant . In addition, this and the preceding
experiment confirms previous findings that A. malayslensLs does not appear to develop
as readily In experimentally infected rats as A. cantonensis.

Table 10

Acquired Immunity in rats given an immunizing infection of 50 larvae of Angiostrongylus
cantonenr!s (Ac) and challenged with 50 larvae of Anglostrongyhis malayslensis (Am)

- 20 and 40 days after the challeng ing infection

Group I Group II Group III Group N
(Immunized) (control) (control) (control)

No. rats 20 6 6 6
Days after 1st

infection 60 . - 60

Days after 2nd
infection 20 20 40

Worms Worms Worms Worms
recovered recovered ~ covered recovered

Brains ~~~~ Total Brains
No. range 1.19 35.49 43-67 8-17 6-17 39.48
No. average 9 43 52 14 10 43
S recovered 18~~ 82%~ 52s~’ 28sf 

~)%~
(Am) (Ac) (Am Ac) (Am) (Am) (Ac)

5
~~unded to nearest whole numer. + Based on 50 Worms. ++ Based on 100 worms.

—132 —



- -

DISCUSSION

The pathog enesis of A. cantonensis in animals has been documented (Alicata and
Jindrak, 1970) and results obtained from expe rimenta l infections in monkeys by others are
similar to results reported here . In previous studies , however , the species of monkeys used
we re different and other workers gave much lower dosages of infective stag e larvae. Loison
et aL (1962) Infected on rhesus monkey with 50 larvae per os and 50 additionsl larvae were
injected intramuscularly. The monkey died at 25 days with patholog ic changes found in
the brain and lung. Weinstein et al. (1963) gave from 335-1700 A. cantonensis larvae to
4 rhesus monkeys and killed the animals between 17 and 69 days post infection. The monkeys
did not develop symptoms but worms were recovered from the brains. Similar to fmdings
in the present study the parasite provoked an eosinophilic meningoenoephalitis and foreign-
body granulomas formed around dead worms . Worms were not found In the meninges and
cord in the latter study but were present in Taiwan monkeys given much larger numbers
of larvae . In another study with a rhesus monkey Alicata et aL (1963) gave several hundred
A. cantonensis third tage larvae and followed the animal for symptoms. The animal developed
a respiratory illness, an increase in body temp erature , leukocytosis with 7% eosinophiles
and an eosanophllic pleocytosis. The animal died 3 hours after the spinal tap 25 days
post infection . The CNS was congested , and upon histolog ic examination cellular infiltration
was observed and sections of worms seen in a granu loma. The find ings are similar to those
reported In this paper with infections in the same time frame .

While the present studies were beIng done 3 rhesus monkeys (M. mulatta) became
available for angiostrongylid studies and each was given 10,000 third -stage larvae of A.
cantonensis; two were given the Taiwan strain and one given the Thailand strain. All three
developed a leukocyto sis with eosinophilha, eoslnophilic pleocytoses and elevations In CSF
protein and glucose, but no change in chloride levels. The two monkeys given the Taiwan
strain survive d but the one given the Thailand strain developed blindness and died at 35
days postinfection. No worms were found In the CNS tissue examined at necropsy but acute
and chronic inflammato ry cells were seen in the meninges.

Two patas monkeys (Erythrocebus p ats i)  were also exposed to approximately 10,000
larvae of A. cantonensis; one animal was given the Thiwan strain and the other the Philippine
strain . The animal receiving the Philippine strain died at 8 days and the one given the Taiwan
strain died at 21 days . Worms were recovered from the CNS of both monkeys and while
little cellular response was seen in the CNS tissue of the monkey given the Philippine strain , - -

a great deal of infi ltration and chronic Inflammatory cells were seen in the CNS of the monkey
given the Taiwan strain.

LAm (1970) carried out experimental studies on primitive primates and monkeys
and gave 16 Tupia gil, and 8 Nyctlcebus coucang I,000 A. cantonensis third-stage larvae,
2 AL f a,cla4z* each 1,000, 2,000 and 5,000 larvae and 4 K f asclcuia,~ 10,000 larvae each.
The T. gui usually died of the infections and N. cou~~~ found to be resistant to Infection.
None of the monkeys died from the infection and worms were net found in the CNS of 

- -

animals given 1 000-2,000 larvae and killed at 10 and 25 days, but monkeys given 5,000
larvae and killed at 10 and 15 days developed light Infections. Worms were not recovered
from monkeys given 10,000 larvae and killed at 5, 8 and 20 days after infection , but 2
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worms were recovered from a monkey that died from other causes at IS days. It is quite
possible that A. malaysiensis was the parasite used in these studies, and not A. eanwuensis.
At the time of LAm ’s studies the former species had not been described and the development
and pathogenesis of the parasite in hIs monkeys resembles that of A. malaysiensis rather
than A. cantonensis as shown in the present studies.

Differences in host responses , disease and pathogenesis between stra ins of a parasite
are justification for classify ing a strain of the parasite a new species. The results of exposure
of monkeys to geograp hic strains of A. cantonensis only suggested that the strain of the
parasite from Malaysia was different from other strains. The finding of morp hologic differences
between the Malaysian compared to the other geographic strain s , however , provided substantial
evidence of spec iation (Bhaibulaya and Cross, 1971). Conclusive evidence , moreover , was
demonstrated by cross-mating A. malaysiensis and A. canton ensis In hybridization experiments
where it was shown that the resulting F1 bybrid males were sterile (Cross and Bhaibulaya ,
1974). Addition studies in backcro ssing F1 hybrids with parent species again showed that
the F 1 hybrid males were sterile. A. malaysiensis is presentl y considered a new species
and the parasite has been reported horn Thailand (Bhaibu laya and Techasoponmani , 1972),
Malaysia (Elm et aL , 1977) and Indonesia (Stafford et aL . 1976).

Acquired immunity is not considere d to develop in humans with angiostrongyliasis
since recurrence of the disease has been reported as long as one year after comp lete recovery
from an infection (Rosen et aL , 1961). Monkeys , on the other hand , are able to deve lop
immunity. In these studies monkeys previously infected with A. malaysiensis were able to
survive challenging infection with Taiwan , Thailand and Hawaiian strains. Fruthermore ,
monkeys surviving infections of 500-8,000 A. cantonensLc larvae acquired an immunity
which enabled them to overcome the pathog enic effect s of a challeng ing infection with
10,000 larvae of the Taiwan strain . All animals , howeve r , developed eosinophi lic pleocytoses
wh ich subsided 2-4 weeks postinfection. Control monkeys given 10,000 larvae died as a
result of the infection .

The development of acquired immunity to A. cantonensis in the rodent host has
been reviewed by Tharav anij (1978). in studies done by LAm et aL (1965) in Malaysia It
was shown that rats acquired immunity after repeated infections with small numbers of worms.
In the present studies it was demonstrated that rats develop a high degree of immunity to
A. cantonensls and that the immune response was directed toward the larval stage s mig rating
to the brain. This was based upon the finding of fewer worms in the brain s of immunized
animals compare d to the controls. In nature It is probable that rats acquire an immunity
early since mature rats are generally not heavily Infected with A. cantonensis (Weinstein
et a!., 1963). On Taiwa n it is unusual to recover more than few worms from the lungs of
wild rats and in our studies with wild rat populations the number encounted has va ried from - 

- -

I to 20. On one occasion , however , 68 worms were recovered from the pulmona ry vessels V
of an animal .

Althoug h rats are able to develop an ImmunIty against A. cantonensis, It app ears
that rats are not able to deve lop the same degree of acquire d immunity to A. malaysiensis:
the findin g of 40% of the challeng ing Infection In the brains of immunized rats compared
to 54% in unimmunized rats was not considered statistically significant. Furthermore .
when rats were giving an immunizin g infection of A. cantonensis immunity which is known
to develop in rats against thlu species appeared to have little effect on an A. malaysiensis
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challenge.
A. ,nalaysienszs did not develop as well in rats as A. canronensis In the present

experiments and it is possible that this may be a factor in the development of immunity.
[Am and Heyneman (1968), on the other hand, showed that low level multiple Infections
offere d better protection than a large sing le dose of third-stage larvae. In these same studies
they reported that the Malaysian strain did not protect rats against a large challenging
infection of strains of the parasite from Thailand and Hawaii and suggested a strain specific
immunity , In all likel yhcod, however , the parasite used in their studies was A. malaysiensis
and they were probably immunizing with one species and challenging with another.

Except for the earlier studies by Bhaib ulaya (1968, 1974, 1975) little is known about
the Austra lian angiostrongy lid, A. mackerra.see. In preliminary studies reported here it
appears that the pathogenesis of this specie s in Taiwan monkeys is similar to tha t found
with A. malaysiensis. Although a small number of eosinophiles were foun d in the CSF
of 3 animals exposed to large numbers of third-stage larvae , there was no othe r evidence
of infections and all animals survived.

A. malaysiensis seems to be different from A. cnntonensis both in pathogenicity and
immunogenicity and further studies should be done to characterize these differences.
Moreove r , it is not known whether A. malaysiensis is associated with eosinophiic meningitis
in humans in Southeast Asia. The parasite is capable of invading the CNS of monkeys and
provoking a moderate meningitis with eosinophilic pleocytosis but whether clinical or
subclinical disease can occur in man , remains to be determined.

- 

SUMMARY

Studies were done to determine the pathogenicity of the Taiwan strain of Angiosf rong
ylus cantonensis in the Taiwan monkey (Macaca cyclopis) and to determin e whethcr differences
existed in geog raphic st tains of the parasite . The Taiwan stra in of the parasite was found
to kill monkeys in 7-35 days when the animals were given oral dosag es of approximatel y
10,000 Infective stag e larva. At necropsy there was vascular congestion and at times hemorrhage
in the CNS but little inflammation was seen in animals that died early in the in fection.
In animals that survived for longer periods granulomatous responses and foreign-body giant
cells were found in the CNS tissue associated with dead worms. Death in the monkeys was
attributed to meningitis.

Monkeys were also infected with approximat ely 10,000 larvae of strains of A. cantonensis
from Thailand, Hawaii, Indonesia , Viet Nam, Philippines , Malaysia and Okinawa and infect ions
with these strain s , except that from Malaysian , was as pathog enic to monkeys as the Taiwa n
strain . Monkeys given the Malaysian strain , however , survived infect ions even when given
20,000 larvae.

The growth and development of the various geographic strains were st udied in
laboratory rats and worm recoveries were lower , both male and female worms were smaller,

- and the male spicule was smaller for the Malays ian strain compared to the other strains.
The Malaysian strain was eventual ly described as a new species, A. rnalayslensis, base d upon
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morphologic characteristics and the species validated by hibridizing exp eriments.
In prelim inary studies the pathogenesis of A. mackernuae was found to be similar

to A. maIay~ensis In Taiwan monkeys. Three monkeys were exp osed to infection with 10,000
third.stage larvae ni A. mackerrmae and while all demonstrated mild eos*nophi lic pleocytoses
the animals surv iicd the infection.

In other studies monkeys given eithe r A. malaysiensis or A. cantonensis develop ed
an acquired Immun ity that protecte d them against the pathog enic effects of heavy infections
of A. cantonensis. Rats also develop ed a protective Immunity against A. cantonensis, but
acquired Immunity In rats to A. malaysiensLi was not pronounced. Rats immunized with
A. cantonensis did not demonstrate a significant amount of immunity against A. malaysiensis.
Further studies are encouraged to further characterize pathologic and immunolog ic differences
which appear to exist between A. cantonensis and A. malaysiensis and poss ibly A. mackerrasae.
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iNGIOSTRONGYLIASIS: CLINICAL FEATURES AND HUMAN PATHOLOGY

SOMPONE PLJNYAG UPTA

Vichaiyut Clinic and Hospita l, Bangkok , Thailand

Eosinophilic meningoencephalitis Is a clinical entity characterized by neurological
manifestations related to central nervous system. (CNS) involvement associated with
ecslnophlllc pleocytosla. The disease has a worldwide distributIon, yet , the majority of
cases occur In the Asi an-Pacific areas, particularly In Thailand (Punyagupta et aL , 1970),
Taiwan (Yll em a!., 1975), the South Pacific (Rosen et aL, 1967), Vietnam (Jindrak and
&licata, 1965), Malaysia (Watts , 1969; Blsseru et aL, 1972), Indonesia (Smit, 1962), the
Philipp ines (Sison et aL, 1951) and Okinawa, Japan (Simpson et aL, 1970). Angiosirongylus
cant onensis is considered the most important etiologic agent.

A. cantonensis Is a neurotropic parasite that requires a period of development in
the CNS of the definitive host, and will also invade the CNS of man. Although the fate
of fully developed larvae leaving the nervous system of man is not known, there is evidence
that some worms reach the lungs and survived for a period of time (Yil at aL , 1968; Sonakul ,
1977). The clinical spectrum of this disease and Its severity vary greatly from case to case
and from one locality to the other, probably, according to the intensity of the infection
and to the degree of host response. However , the clinical features are quite characteristic
and leave no doubt about the diagnosis even when the causative agent cannot be identified.

This presentation will summarize the features of clinically diagnosed cases of eoalnophllic
meningitis presumably caused by A. cantonensls-compared with the findings in parasltologically
proven cases from other areas of Eastern Asia.

MATERIALS AND METHODS

A total of 484 cases of eoslnophllic meningitis presumab ly caused by A. cantonensis
stud ied In detail by the author and colleagues In Thailand during the 3-year period ending
March 1968, and described elsewhere, (Punyagupta et ii., 1970; 1975) served as a basis
for analysis of the clinical features of this disease.
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For comparison , 32 parasitologically proven cases of A. cantonensis infections from
published reports and unpublished records are presented (Table 1), i.e ., 19 case s from
Thailand, 10 cases from Taiwan and one case each from Malaysia, Indones ia and North
Vietnam .

Postmortem studies of the parasatologically proven cases are summarized In the
section on pathologIcal fIndings.

Tabk l

List of 32 parasitologlcally proven cases of human angiostrongyliasls
used In the clinical evaluation.

Case No. Sex Age Country Worms recovered from Authors
F 28 Thailand Brain Tangchal et a!., 1967

2 F 48 Thailand Brain Nyc at a!.. 1970
3 M 21 Thailand Brain Chitanondh at a!.,

Personal communIcation, 1964
4 M 34 Thailand Eye-anterior chamber Prommindaroj at aL. 1962
5 M 22 Thailand Eye-anterior chamber Ketsuwan at a!., 1966
6 M 21 Thailand Eye-anterior chamber Ketsuwan at a!., 1965
7 M 36 Thailand Eye-posterIor chamber Kanchanaranya et a!.. 1972
8 M 34 Thailand Eye-posterior chamber Kanchanaranya at aL, 1971
9 M 29 Thailand CSF Bunnag et a!., 1969

10 F 12 Thailand Brain Tangchal et a!., 1966, Per. Comm.
11 F 29 ThaIland Brain Hongladarom et a!., 1963
12 F 40 Thailand C~~, Eyeço~aki~ dia~thn~ Laopatarakasem at a!., 1975
13 M 34 Thailand Brain Indaravasu, 1975, Per. Comm.
14 M 34 ThaIland CSF, Brain, Lungs Rodprasert et a!., 1974; Sonakul 1978
15 M 21 Thailand Brain, CSF
16 F 26 Thailand Brain ~ Sonakul, 1978
17 F 3½ Thailand Brain, Cord, CSF .)
18 F 43 Thailand Cord T54 Pairojkul at aL, 1977
19 M 21 Thailand CSF Nltldandhaprabhas et aL, 197 5
20 M 27 Malaysia CSF Bisseru et a!., 1972
21 F 23 IndonesIa Eye-anterior chamber Sunardi et aL, 1977 (
22 F 18 Vietnam Brain Jindrak and Alicata, 1965
23 M 15 Taiwan CSF Nomura and Un, 1945
24 F S Taiwan Brain, binge, Cord
25 M 7 TaIwan CSF
26 M S Taiwan CSF
27 F 4 Taiwan CSF
28 M 8 Taiwan CSF Yll, 1976
29 F 3 TaIwan CSF
30 M 3 TaIwan CSF
31 M 19 Taiwan CSF
32 F 7 Taiwan CSF .
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CLINICAL FEATURES -

Age and sex. In our study of 484 cases, the young est patient was 2 years old and the
oldest 65. In Thailand the disease Is more prevalent in adults 20-34 years of age . In 32
proven cases the ago ranged from 3 to 48 years . In Taiwan , however , the dIsease is more
common In children, with the average age of 7.6 years and 70% were under 10. The discrepancy
of the age Incidence Is probab ly due to the different methods of infection In different
geographic areas.

In Thailand males were 2.6 tImes more commonly infected than females, but in Taiwan
1.2 times more females than males were Infected. However , among the 32 proven cases
males were Infected 1.3 times more than females. This probably represents the difference
in the exposure to the common Infection source .
Incubation period. Out of 484 cases studied in Thailand 145 were members of 37
groups of two or more persons who had shared the same dishes of raw or undercooked
Fib spp. snails which have been shown to be the most important source of infection .
Therefore , the incubation period could be identified. The shortest Interval was 3 days ,
the longest 36 days and the averag e 16 days. Only 9 of the 145 cases had incubation periods
longer than 30 days.

In the 32 proven cases the incubation periods were known in only 6 cases from
Thailand and the periods varied from 1-20 days with the average of 83 days.
Initial systemic symptoms. Among the proven cases 3 patients from Thailand experienced
vomitin g within few hours after ingestion of Fib app. snails. Abdominal pain and diarrhea
were note d in one case . Early abdominal symptoms were also observed in some of the 484
cases . This may represent the host reaction to the Infected food, such as raw or undercooked
snails or possibly to the gastrointestInal invasion by A. cantonensu larvae. Five cases from
Taiwan also experience gastrointestinal symptom in the initial stage of the disease, but
this was probably the result of cerebral involvement. In addition , maculopapula or urticarial
skin rashes have been obse rved soon after ingestion of snails in 2 proven cases and in some
unconfirmed cases. The rashes lasted for a few days and may have been due to allergic
reactions to the food.

These early systemic symptoms occurred in only a few cases after which the patients
became asyrnptomatlc for a perIod of time prior to the developmen t of symptoms secondary
to the CNS involvement .
Chief complaint. Headache was the chie f symptom in 96% of cases. The remainder
came to seek medical care because of conv ulsions , weakness of the extremIties , paraesthesla,
vomiting, facial paralysis , st iffness of the neck and fever. In all of the proven eye cases
on ly one patie nt experienced preceding headache; the rest presented eye symptoms. About
77% of cases came to the hospital within 10 days after having the first sym ptom . In Thailand,
the onset of headache was rather gradual but It was considered an abrupt onset in 78%
of cases from Taiwan where more cases we re foun d In children . Headache was usually
described as severe , intermitten t , head-breaking and unbearable. Each attack of headache
lasted from a few minutes to few hours. The common site of headache was occipItal and
bitempora l . Most cases had never experienced such severe headache in the past. Ninety-nine
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percent of mening itis cases experienced severe headache , yet , in most proven eye cases,
headache had never been noticed In spite of the fact that the lumbar puncture revealed
eosinophilic pleocytosls (Kanchanaranya and Punyagupta, 1971).
Clinical manifestations relating to CNS involvement. Nausea , vomiting and neck stiffne ss
were -noted in about half of the cases and these symptoms subsided soon after the spinal
tapping and analgesic administration. Physical examination revealed stiffne ss of the neck
and positive Kernig’s sign in only 15% and 6% in Thai patients and 57% and 44% of the
Taiwanese, respectively. It was noted more frequent ly in confirmed cases.

Sensorium Impairment of varying degrees was observed In 5% of the clinical cases
in Thailand but in a n uch higher degree (82%) in cases from Taiwan. In 19 proven meningitis
cases lethargy and coma were noted In 17 , but It was not found in 6 proven eye cues.
This symptom probably represented the severe degree of cerebral involvement. Only
one our of the 484 clinical cases from Thailand developed deep coma but recovered fully
comp ared to 14 of 32 parasatologicaily confirmed cases where none of the patients survived.
From Faiwan, 11 out of 125 patients developed coma and 4 died; the remainder experienced
a lon~ semi-co matose stage.

hi Thailand, 2 cases were admitted to a psychiatric ward because of frank psychosis ;
they we ie l’ound to have eosinophllic meningitis. The psychosis disappeared soon after
the meningitis had subsided. Two mental Institutions in Thailand were surveyed and a few
cases of eosinophilic meningitIs were found . The patients ingested raw snails and slugs and
were considered mentally retard ed. Convulsion occurred in 4% and 3% of the clinical cases
from Thailand and Taiwan, respectively. Urinary incontinence and retention were observed
in some severe cases with sensorium Impairment.

Only 3 cranial nerves were commonly involved, namely, she optic nerve as shown by
the visual impairment in 16% of the cases in Thailand, facial nerve paralysis (4% and 1%
in Thailand and Taiwan, respectively), and lateral abducens nerve paralysis (3% and 8%
in Thailand and Taiwan, respectively). Similar findings were noted in proven cases. The
cranial nerves impairment were usually unilateral but at times bilateral.

Peripheral nerve involvement as demonstrated by the symptoms of paraesthesia of
the small areas in the trunk or extre mit ies was observed in 37% of clinical cases and in 8
proven cases . This symptom may persist for a few weeks or months.

Generalized weakness of the extremIties has been observed in 1% of 484 clinical cases
- in Thailand. Seven out of 125 TaIwan cases (6%) experienced defInItIve flaccid paralysis -

of the extremities associated with coma and 19 other cases experienced motor weakness
of the extre mities . In 32 proven cases generalized motor weakness was found In 9. This

- may have been due to the spinal cord involvement by the worms as shown by the finding
of worms in the spinal cord in 2 postmortems (Yli et a!., 1968; Palrojkul et a!., 1977).

• Unilateral , or less frequent bilateral , swelling of the eye lids were noted in 1% of the
clinical cases from Thailand. The symptoms may represent the perlocular migration of the
worms following the brain migration as observed similarly in experimented animals (Ken.
chanaranya and Punyagupta, 1971). 

—

Malaise and anorexia were constitutional symptoms observed In some cases durIng
the early acute stage .

I
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Low fever was noted in 29~ of clinical cases from Thailand and iIi~y 4~ had temperature
of ove r 38 C. This is in contrast to t h e  other forms of mening itis. However , higher lever
was more common in the comatose patients of the parasitolog icall y proven cases. Experiences
in Taiwan also show that fever was more predominant in children and it lasted for several
weeks.
Ocular manifestat ions. Ocular involve ment by A. cantonensis is a wellknown in both
human and experimental animals (Prommindaroj ci aL , 1962; Ketsuwan and Pradatsundarasar,
1965, 1966; Kanchanarany s and Punyagupta . 1971; Kanchanaranya et a!., 1972; Punyagupta
et a!., 1975). In Thailand A. caruonensis was first found in the anter ior chamber of a patient
prior to recognition as a cause of cosinophulic meningitis (Prommindaroj ci aL , 1962).
In 484 proven cases 78 cases or 16% were proved to have failing vision of varying degrees
with bilaseral in 47 cases and unilateral in 31 cues; dip lopIa and abnormal visual fields
accounted for 1% each. Examination of the fundus revealed abnormalities in 12% of the
cases. Permanent blindness is not uncommon.

In 7 proven eye cases , 5 males and 1 female from Thailand and 1 female from Indonesia
(Sunardi et a!., 1977), failing of vision was the main complaint while one case was admitted
because of a worm moving in the anterior chamber of the eye. Only a single fifth-stage
larva or a young adult A. cantonensis was recove red from each case ; from the anterior chamber
in 4 cases and from the posterior chamber in 3 other cases. Hemorrhages and detachment
of the retina are serious complications of retinal angiostrongybasis.

The best way to visualize the smal l moving worms in the posterior chamber is by using
the slit lamp. Only 2 cases were admitted with symptoms of headache and stiffness of the
neck suggesting eosinophilic meningitis. Lumbar puncture was done in only 3 eye cases
and all showed eosinophilic pleocytosls. In one case (Laopatarakasem ci a!.. 1975) A.
can tonensis was seen in the retina and 6 others wor ms we re recovered from the ~pEnaI
fluid on the same day. It is true that in most eye cases the meningitis symptoms are minimal
and lumbar punctures are not considered. The size of A. cantonensis recovered from the
eyes were 8.5-18.86 mm in length, as large as or larger than those recovered from spinal
fluid or the brain at autopsy.
Pulmonary symptoms. Among 484 clinical cases none experienced definitive symptoms
nor signs of pulmonary involvement. However , 3 parasitologically proven cases experienced
productive cough and audible rales over the lungs suggestive of pneumonitis and the chest P
X.rays confirmed abnormalities. In 2 postmortems , one from Taiwan (Yb et a!., 1968)
and another from Thailand (Rodprasert et a!., 1974; Sonakul, 1978), adult and larvae A.
cantonensis were f ound In the lung tissue. Tnese findings strongly suggested that A. cantonensis
can migrate to the lungs after leaving the brain and produce some abnormal pulmonary
manifestatIons. In the early stage of Illnesses many patients from Taiwan (YII, 1976)
experienced intermIttent dry cough and In some cases associated sneezing and rhinorrhea.

LABORATORY FINDINGS

Blood. Leucocyt osls was observed In 56% of cases and associated with eosinophilia
(over 10%) In 73% of cases . The Initial increase in kucocy te counts occurred on the 17th
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day after ij ilection while eos inophih ia reached the peak on the 30th day . L~ ucuc ytos is
and eostnopht li -r of vary ing degrees were noted throughout a period of 3 months. Similar
findings were ho und in proven cases.
Cerebrospinal fluids (CSF). Elevation of the init ial CSF pressure above 200 mm of
water was observe d in 54% of clinical cases and in many cases higher than 500 mm of
water was experienced. The fluid was grossly opalescent or turbid in 88% of clinical cases.
It had the appearance of water after it has been used to wash milled rice. Slight xanthochromia
was noted in only one case from Thailand and 2.4% of the cases from Taiwan , and mIcroscopic
red blood cells were seen occasionally.

A. cantonensis larvae were recovered from the spinal fluid in 16 of 32 cases on 24
occasions, that is, in 9 children from Taiwan , and 1 from Thailand, in S adults from Thailand
and one adult from Malaysia. In Taiwan where infections are considered much heavier than
elsewhere , A. cantonensis larvae were recovered in the CSF in 8 out of 88 children under 10
years of age and only one out of 37 patients over 10 years of age. This suggests a greater chance
of recovering worms from the CSF In small children and Is probably due to the smaller
subarachnoid space and less amount of spinal fluid.

The worms , most of the time alive and motile fifth-stage or young adults, were recovered,
at the most, 3 times from one patient. In many instances the Larvae were obtained by using
ordinary 20-gauge lumbar puncture needles without aspiration. However , using a larger bore
needle and applying negative pressure by a syringe may increase the chance of recovering
the larvae particularly at the later stages of the illness . Some of the larvae recove red were
very small, therefore , one must examine the fluid carefully against the light to visualize
the moving larvae . In one instance , eosinoph lles were found to be aggregated around the
cuticles of a dead worm. Worms were generally recovered from the CSF between the 5th
and 19th days after the occurrence of the first symptom . The reason for not recovering
worms at later dates was probably because of the greater size of the worms. In a case from
Thailand (Bunnag et a!., 1969) where the exact date of infection was known, the worms
were recovered from the fluid on the 8th, 11th and 18th days after infectio n .

Eosinophiles as well as polymorphs and lymphocytes In the spinal fluid may be easily
recognized by examining the fresh, unfixed and unstained fluid under 40 x magnification
using a dim light. Occasionally, larger cells believed to be ependymal cells or plasmacytes
were seen . Eosinophiles are easily disrupted during the process of staining. Modified Giemsa’s
stain yielded better result than ordinary Wright ’s stain.

The initial number of white cells in the CSF was in the range of 500 to 2,000 per cu mm,
• wIth 26% below 500 per cu mm and about 20% over 2,000 per mm. In the proven cases

the cell counts were 1904,345 per Cu mm.
As for eosinophilua of the CSF, the initial examination revealed eoslnophtha of lower

than 10% In 4% of clinical cases, yet , all showed eouinophllla of above 10% In subsequent
examinations and some as high as 90% and over. In the proven cases , eosinophllic pleocytoses
of 15.98% were found.

In a group of 25 cases of whom definite dates of infect ions were certain, eosinophillc
pleocytoses were recognized on the 12th day after Infection with a peak ranghig between
25 and 30 days. After one month eoslnophtha dropp ed and in some cases rose again to another
peak between the 75th to 80th days before dropping to a very low level on about the 90th -
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day. The second rise in eoslnophilla Is believed to be due to dead larvae in the CNS at the
later stages of the disease.

About 68% of the cases showed increases in protein contents of the spinal fluid
of above 50 mg per 100 ml but the sugar contents were low in only 9% of cases. The highest
levels of protein content were found around the 25th and 40th days. In a st udy on the
Immunoglobulin of the CSF (Tungkanak et a!., 1972) IgG and IgA were found to be
significantly higher than that of the contro ls and proportionally higher than the corresponding
serum Immunoglobulins. These findings indicate that the Immunoglobulin were synthesized
locally In the CNS in response to the larval migration.

Stools, urines and other biochemical tests were insignificant.

~~ull X-rays and the chest X.rays of the clinical cases revealed no abnormalities.
However, the chest X-rays in 3 proven cases experiencing lung symptoms, showed abnormalities - 

-

suggesting pneumonitis or congestion.
Electroencephalograms done In some severe cases revealed nonfocal abnormal slow

dysrhythmia.
Serological diagnosis Is not helpful because of the lack of specificity of the tests.

DIAGNOSIS

In endemic areas, eoslnophllic meningitis caused by A. cantonensis should- be considered
in patients who experience any of the following clinical features:

I. Acute severe headache associated with or witho ut low fever.
2. Symptoms and sig ns of meningitis or menlngoencephalitls particularly with

low fever.
3. CranIal nerves involvement , namely, facial palsy, lateral rectus paralysis associated

with severe headache. -

4. Ocular manifestations, namely falling of vision or diplopla of one or both
sides with or without headache.

5. PsychosIs or sensorlum Impairment asaoclated with severe headache.
An Important clue In the diagnosis Is the history of ingestion of suspected food, p

such as raw or undercooked File spp. mails or the giant African snail, Achatana fulls,
within a period of one month prIor to the first symptom. Spinal tapping Is the most Important

4 procedure In the diagnosis.
Based on the clinical features alone the disease may be confused- with the following

conditions:
1. MigraIne headache or brain tumor because of severe headache.
2. Psycho neuros Is because of strong complaint of headache without obvious

neurological abnormalities.
3. Purulent meningitis because eosinophllic pleocytosls lami.Interpretedss neutrophilia.
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4. Tubercu lous or viral meningoencepha litis because the majority of cells in the
spinal fluid are lympho cytes.

5. Encephalitis because of sensorlum impairment in some severe cases.
These conditions may be easily exc luded by examining CSF for eoslfl opbiles.
In Thailand where another form of eosinophilic meningoenceph alitis caused by a

different parasite , Gnathostoma sp inigerum. exists, one may differentiate the two diseases
on clinical grounds with a reasonable degree of certainty (Punyagupta et a!., 1968a; 1968b).
Patients with ecalnophillc myeloencephalitls caused by G. spinigensm usually present
with the following complaints:

I. Paralysis of the extremit ies characterized - by transverse or ascending myelitis
following the symptom of nerve root pain (radiculitis) of the involved , extremities
or of the trunk.

2. Comatose patients particularly in young er individuals who may or may not
experience paralysis of the extremities. The spinal fluids are bloody or xan-
thochromic with eoslnophilic pleocytosls.

Based on the clinical and epidemiological Information the presumptive diagnosis
of the cerebrospinal anpostrongyliasis can be made. Yet , the definitive diagnosis can
only be made by findings of the worms In the CSF, In the eyes or at necropsy.

TREAThfENI AND COURSE OF ThE DISEASES

The disease Is self-limIting and usually lasts for 4-6 weeks. in mild and moderately
severe cases, analgesIcs are used but the results are not encouraging. The severe headache
usually subsides dramatically, yet, temporarily after the spinal tapping and removal of about
10 ml of the fluid. However, the headache may reappear within a few days. Repeated
spinal tapping (2.4 times) Is usually necessary in most cases. In abou t 40% of cases, headache
persists longer than one month.

Corticosterolds in the form of oral prednisolone at the dosage of 30-60 mg daily
have been given In combination with analgesics in 96 cases and the zesults were statistically
insignificant from the controls. Considering the pathogenesls of this disease , Immunologic
reaction Is probably one of the main factors. Therefore, In a very severe case with cranial
nerve lnv~ vsmant, such as visual impairment, systemic corticosterold therapy may be helpful.

- 
Nevertheless, intensive general and neurological care are the most Important methods
in saving lives In critical cases.

Among the clinical cases 41% were mild and not admitted to the hospital. For those
admitted 41% of the cases were discharge d from the hospItal within the first 5 days with
Improvement and only 6% stayed In the hospital longer than one month. Some cases were
readmitted because of recurrence of headache on the 2nd and 3rd weeks. The lumbar puncture
showed an Increase In the number of cells compared to previou s examinations.
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Stiffness of the neck, nausea and vo matin~ were the first symptom to disappear,
usually within a few days. Visual abnormalities improved slowly after a few weeks. Paraesthesia
took a much longer time to disappear. The cranIal nerve involvement was the last to recover
and permanent residual defects we re not infrequent ly seen.

The recurrence of the disease in the same patient a few years apart had been verified
in only 2 cases in our study and the epidemlological data indicated these to be due to
reinfections. The clinical sever ity was similar to the first infectIon.

in Thailand the mortality rate is very low. Only one out of 484 clinical cases died
with the symptoms of cerebral depression. In Taiwan (Yll, 1976) 4 out of 125 cases died,
but in South Pacific (Rosen et a!., 1961), there were no fatalities out of several hundre d
cases. It should be mentioned that all eye cases survived, and 12 out of 16 cases where the
larvae were recovered from the CSF also survived. In 32 parasitologlcally confirmed cases ,
13 died. The severity of the disease is probab ly related to the number of larvae ingested.
In 13 proven cases whe re the patients dIed, all had cerebral depression with 3 cases also
having pulmonary symptoms. Death occurred as early as the 14th day and as long as 80 days
after the first symptoms , but the majority died between 2-4 weeks.

In eye cases, surgical removal of the worm from the anterior chamber Is simple but
to remove the worm from the posterior chamber requires cryosurgery and an experienced
surgeon. The technics have been described (Kanchanaranya er a!., 1972).

PAThOLOGY IN MAN

The neuropathology of human angiostrongyliasas has been well described by Rosen
et a!. (1962), Jlndrak and Alicata (1965), Tangchai et aL (1967), Nye ci a!. (1970), and
Sonakul (1978). Other, yet unpublished findings at autopsy have been presented by Hong-
Iadarom (personal communication, 1963), Indaravasu (personal communicatIon, 1975)
and Palrojkul ci a!. (1977). The neuropathology in human cases Is summarized as follows:
Gross pathology. Examinations of the external surfaces of the brains and spinal cords
generally were unremarkable. In some cases evidence of brain congestion on the pressure
cone may be recognized. Leptomenlnges of the basal portion of the brain may show some
thIckening. Gross hemorrhages were most unusual. In one autopsy. in our ser Ies (Nyc et a!.,
1970) an area of gross hemorrhage of about 1 x 2 cm was seen on the coronal sections and
a very larg e A. cantonensis, 18.3 mm In length and 0.41 mm in width , was recovered near 

- 

- 

-
the area of hemorrhages.

Larvae of A. cantonensis are often seen on the surface of the brain or spinal cord,
but most of the time they’~W!~ i~~ualIzed only In microscopic sections. The worms were ‘

~~

recovered from the normal saline in whIch the spInal cord and meninges were placed
(YII, 1976). Palrojkul et a!. (1977) recently described finding a living A. cantonensir in
the subarachnold space at the thoraclc 5.6 levels of the spinal cord .
Microscopic fI.~I..p In any postmortem of a suspected case of A. cantonensis Infection,
more than the routine 10 blocks of the differen t parts of the brain and spinal cord should
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be made to increase the chance of recovery of the worms. The crosslections of the worms
are usually distinctive and easily recognized under microscopic low power scanning of the
sections. The diameter of the cross-section of the worms range between 30-90 pm. The
largest section we have found w.s 300 pm. if serial sect ions of the positive blocks were
made and the graphic reconsiru .iion of the worm was done , the characteristic features of
A. can:onensss can be achieved. Larger size worms can be removed from the brain tissue
under dissecting microscopy. The number of the worms recovered from autopsies has varied
from few larvae out of blocks of brain tissue to hundreds. Sonakul (1978), in Thailand,
found 72 worms, from a postmortem and Yll (1976) on Taiwan recovered more than
650 young adults from one autopsy .

A. cantonensis larvae were easily recognised in the brain tissue, in the menlnges and
somet imes in the blood vessels or perivascular spaces and the worms may be alive or dead
at the time of necropsy ~ Cellular reactIon was minimal around the living worms and more
pronounced around the dead worms. Granu lomatous inflammatory reactions were seen to
be comp osed of mononuclear cells, part icularly, lymphocytes , plasma cells , macrophages
and of eosinophlles. Polymorphonuclear cells were predominant in some granu lomatous
areas and Charcot-L.eyden crystals In other areas . Cellular reactions were observed not only
around the worms but also along the menlnges and intracerebral vessels .

One of the most characteristic features of the neuropathology was the finding of
mult iple microcavities or tracks represent ing passages of migrating worms. Microscopic
findings of the tracks showed disruption of the brain tissue, debris, gitter cells, cellular
inf iltrations and at times evidence of microscopic hemorrhage. The non-hemorrhag ic tracks
are usually smaller than 150 pm differing from larger tracks caused by G. sp inlgerum.
One striking microscopic feature was the vascular dilatation, both arterial and venous,
in the subarachnoid space. The nerve cells in the adjacent areas to the worms or tracks
may exhibit central chromatolysis and cytoplasmic axonal swelling. Similar pathological
findings may be seen In areas of the spinal cord .

Lungs were the only other organ found to be involved by this parasite. YI1 er ci.
(1968) made the first report of finding mature A. cantonensis in the lungs of a 5-year-old
girl who died of eoslnophllic meningitis on Taiwan. Subsequently, Sonakul (1978) found
2 degenerated A. cantonensis in the pulmona ry artery of a 34-year-old Thai woman who died
of the disease 19 days after experiencing the first symptom. Pulmonary hemorrhages and

-

• terminal bronchopneumo nla were also seen in the sections. 
$

In spite of the fact that A. aintonensis has been recovered from human eyes, there
are no description of the pathology associated with eye Infections in man.

p CONCLUSION -

A. cantonensis Is considered the most Important cause of eoainophlllc meningitis
in man In Asia. In Thailand, as well as in Taiwan , hundreds of cases are recognized each
year . The clinical features of the disease are ‘well described so that reliable dIagnoses can
easily be made . Although the disease Is self-limiting and the majo rity of the cases are comidered
mild, fatalities are not infrequent. There Is no effective specific therapy for the Infect ions or
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the disease but intensive neurological, cardiopulmona ry and good general care during the
comatose stag e will save the lives of seriously ill patients. The neuropatholo gy of the disease
is so unique that it leaves no doubt about the diagnosis at necrop sy . Patholog ists In endemic
areas should be attentive to patholog ical changes which may occur in other organs , namely,
the heart, lungs and the eyes.

Considering the epidemiology, morbidity and mortality, anglostrongyliasis should
be listed as one of the more Important Infectious diseases in the Asian-Pacific area. In
spite of the fact that the Infection can be prevented, we continue to find as many cases
today as in 1965 when we first began to study this newly recognized disease. Sincere and
concerted efforts by medical and public health agencies will be required to effectively
control this parasitic disease.
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IMMUNOLOGY OF ANGIOST RONGYLIASIS

SAVANAT THARAVAN IJ

Department of Microbiology and Immunology
Faculty - of Tropical Medicine, Mahido l University, Bangkok, Thailand

ACQUIRED IMMUNITY

Evidence suggesting the existence of specific acquired resistance to 4ngiostrongylus
cantonensis infections in mammalian hosts is the recovery of a low number of parasites
from wild rats in endemic areas (Weinstein et aL , 1963; Ailcata and Jindrak, 1970). On
the other hand, immunity in man is considered less complete , since the disease Is known
to recur within a few months after a previous attack (Rosen et aL , 1961; Alicata and
Jindrak, 1970). In rats infected experimentally with a low dose of infective third-stage
larvae of A. cantonensis and then challenged with a larger number of infective larvae, a
certain degree of resistance was observed (LAm et aL , 1965; Heyneman and 1Am, 1965;
1967). Furthermore wild rats , Rattus Jalorensls, found naturally infected with A. cantonensis
had a reduced worm recovery rate upon challenge wIth 300 larvae (LAm et aL , 1965).
Similar findIngs were obta ined In laborato ry reared wh ite rats receIving 1-3 feedings at
monthly Intervals of 5.15 infective larvae and then challenge with 1000 infective larvae
(Heyneman and Urn, 1965). Such protection was not absolute, however, since the immunized
rats eventually succumbed to the infection , even though some survIved well over 100 days
(Heyneman and lAm, 1965). Protection was thought to be strain specific, since protective
immunity failed to develop In rats Immunized with one strain and challenged with others
(Urn and Heyneinan, 1969; Heyneman and LAm, 1967; Urn, 1968). For example , rats
immunized with low doses of a Malayan strain were not protected against Hawaiian, or
Thailand strains (Urn and Heyneman, 1969).

In view of the fact that the work suggesting strain specificity of Immunity had been -. - .

carrIed out most ly In Malaysia before the recognition of a new species A. malayssensis
(Bhalbulaya and Cross, 1972), whIch was prevalent In Peninsular Malaysia (Urn, 1975),
It was highly likely that the so.called “Malayan strain” of A. cantonensis used in these
studies was in fact A. malaysiensis. It follows that reported demonstration of strain specific
Immunity would rather be demonstration of species specific immunity In Angiostrongylus
Infection.

Mother way of achieving substan~1al protecti ve Immunity against lethal challenge
of Infective larvae is by Immunization with Irradiated third-stage larvae. Lee (1969) showed

L 
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that rats receiving 2 feedings of 200 third-stage A. cantonensis larvae, irradiated with 40 Kr ,
developed signi f Icant resistance to further challenge with a lethal dose of urnrrad iated
infective third -smge ~ri’ae . In contrast , attempted immunizations of rats with non.living
antigens obtained from different stages of A. cantonensis such as dead th Ird.stage , dead
first-stage , and extracts from adult worms or from larval stages from the brain , failed to
confer protection against the subsequent challenge with a lethal dose of infective larvae
(Lungd hara, 1974). It appears then that immun ity to the paras ite is induce d by factors
associated with living larvae, or adult worms. This protective immunity could be a “premuni-
tion” which, according to Sergent (1963), refers to the resistance of the host in a state of
latent infection against a superinfection by a parasite of the same species. According to
this defInition, it is not clear whether the premunition state needs the presence of adult
worms or the mere presence of the larval stages is sufficient. There is some evidence indicatin g
that the presence of adult worms may not be required , since it was shown that in rats infected
with irradiated larvae, adult worms seldom develop, and yet these rats developed a con-
siderable degree of immun ity (Lee, 1969). Radiation is known to interfere with the develop-
ment of A. cantonensis and causes most of the young adult worms to lose ability to migrate
to the lung of the def initive host the refore eliminating the chance to mature to the adult
stage .

The real factor(s) associated with protective immunity induced by live parasites
are not known. It is likely that such factor(s) are derive d from the excretory .secreto ry
product (ES antigen). Uahkowithchai et aL (1977) prepared ES antig en from adult male
and female worms by incubating the parasites in NCTC 109 medium at 37°C in 5% CO2
atmosphere for 24 hours using 0.1 ml of the medium per worm . Rats were given 5 Injections
(Schedule I) or 6 injections (Schedule II) of the culture fluid at weekly interval with graded
increment of the fluid volume from 0.5 to 2 ml, followed by challenge with 150 or 500
infective third -stage larvae either at 14 days after the last immunizing dose (Schedule I)
or immediately after the 5th Injections to be followed by the 6th injections a week later
(Schedule II). The resu lts are shown in Table 1. It was found that rats immunized with
the female ES antigen had significantly lower mortality rate and a longer mean survIval
period than the control group, especially when the challenge dose was 150 infective larvae.
Immunization with the male ES antigen had no protective effect. It Is not known whe ther
such findings reflects the quantitative difference of the amount of the ES antigen used or
whethe r It indicates that the protective ES antigen(s) are associated with the female re-
productive system (Uahkowithchai et aL , 1977). The protection invoked by the female
ES antigen is partly mediated by the humora l antibody, since in a preliminary test the
protective effect coul d be transferred passively by rabbit anti-ES serum (Uahkowithchai
ci’ aL , 1977).

The mechanisms whereby immunit y operates against Anglostrongylus infections are
not clearly understood. Examination of parasites in immune animals showed that the worms r
recovered were relatively smal ler in number than those In the control group (l4eyneman and
LAm , 1965; Lee, 1969; Unhkowlthchal ci’ aL , 1977). In rats experimentally infected with
low dose of Infective larvae , and those infected with larvae irradiate d with 40 Kr , the worms
were found dead In large numbers (Heyneman and LAm, 1965; Lee, 1969) and those alive
were stunted in development. Stunting effect was also demonstrated in rats immunized with
the female ES antig en (Uahkow lthchai et aL, 1977). The mechanisms leading to death of
the parasite or responsible for retarded development are not known. Factors related to the
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humora l immune response the cell mediated immune response or the antibody dependent
cell mediated cytotox lcIty (ADCC) may be involved.

Tabk 1
Effect of immunization with ES antig ens from adult Anglostrongylus cantonensis on the course

of experimental infection of rats with third -stage larvae
- Challenging Surv Ival TotalMethod of Number of Mortalitye-tre .tment does period recov eryimmun ization rats (Number ltrvae) rate (days ± S.E.) (%)

Male ES ant igen schedule 1 5 500 100 20 ± 0.4 S 32 ± 3.8

schedule H S 150 100 25 ± 0.5 36 ± 4.1

Female ES antigen schedule 1 4 500 100 29 ± 0.9 33 ± 4.4

sche dule II 5 500 100 38 ± 2.7 14 ±1.6

NCTC 109 medIum schedule 1 12 500 100 23 ± 0.4 S6 ± 1.5

schedule 11 5 ISO 100 25 ± 0.6 44 ± 3.2

Data taken f rom Uahkowzthchai ci ’ aL Southeast Asian /. Trop. Med. Pub. f Il th. 8: 486 ,1977.

HUMORAL IMMUNE RESPONSE

The presence of antibodie s In the immune rats or rats experimentally infected with
the infective larvae has been amply documented. The antibodies were detected by the in-
direct haemagglutination test (Kamlya and Tanaka, 1969; Chen and Suzuki, 1974; Yoshimura
and Ydmaglshi, 1976), Immunodiffuslon and immuno electrophore sis (Mishra and Benex ,
1970), complement fixat ion test (Mlshra and Benex , 1970), lmmunofluorescen t test (lshii
and Kaznlya, 1973; Chen and SuzukI, 1974) and latex agglutination test (Mlshra ci aL, 1970).
How humora l antibo dies interfere with growth and development of the anglostrongylids
are not known. One possible mechanism is that the antiboby causes micropre cipltat lon
around the orIfices thus interfering with normal metabolism of the worm (Bhalbulaya, 1971). VSuch Sarles (1938) type reaction was found to be genus specific , since precipitates occurred
around the orifices of fif th -stag e larvae of A. can tonensis or A. mackerras ae In the presence
of homologou s and hetero logous sera (Bhalbulaya, 1971). Furthermore , in vitro exposure
for 2 hours of the adult female angloitrongylids to the sera obtained from rats at various
times after infection with 50-200 Infect Ive larvae showed a signIficant inhibition of the oxygen
uptake (Kanjanabutara, 1976). The suppression of the oxyg en uptake was evident at eatly
as 7 days after Infection and remained so for the period of 3 months. Heat inactivation of
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the sera at 56°C for one-half hour abolished the oxygen consumption inhibitory effect wh ich
indicated that complement was required for this reaction (Kanjanabutara, 1976).

The time sequence of humoral immune response have been extensively studied. Kamiya
and Tanaka (1969) studied the production of haemagglutinatlng antibodies in rats infected
orally with 20-60 infective larvae. The antig en was Tris-buffered saline (pH 7.4) extract
of adult worms. A significant titer (1 :32) was obtained in 15 out of 17 rats during 6-10
weeks and all 17 rats after 10 weeks were positive with higher ti ters. Simila’ finding was
observed by Yosh imura ci’ aL (1976) who showed that rats infected orally with an ave rage
number of 77 infective third -stage larvae produced a prog ressive increase in haemagglutinating
antibody beginning from 6 weeks after infection (Yosh imura and Soulsby, 1976). Slightly
different result of the time of emergence of significant haemagglutinating antibody in the
sera of rats Infected with the Taiwan strain of infective third-stage larvae were reported by
Chen and Suzuki (1974), in which a mean titer of a little more than 1:160 was detec ted
in the third week (rather than 6-10 weeks ) afte r infection with 100 and 200 infective larvae.
-rhe reason for this decrepancy is not known , J,ut it could be due to the strain difference
of the parasites or the rats used in the experiment.

The appearance of detectable antibody coincided with the appearana of larvae in the
feces (Kamiya and Tanaka , 1969), which suggested that antigenic stimulation was released
mainly by adult worms. Such antigenic factors would be associated mostly with the female
worms, since Jacobs ci’ a!. (1965) showed that sera from inb~~4 rats Intesented in the
haemagglutination test with red cells sensItised with the culture fluid of adult femsl but
not that of adult male worms. Further work by Kamiya ci aL (1972) showed that nSa
transplanted intraperitonea lly with adult female worms produced detectab le halmaggl utinating
antibody at one week after transfer whereas those t ransplanted with addit male wo rm
did not produce antibody until the 6th week after transplantation. This study lends addit ional
support to the contention of Jacobs ci ’ al. (1965) that the haemagglutinating antibody was
directed against the antig ens associated with maturity and fecundity of the adult ‘bmales.
In contrast to the haemaggjutinatlng antibody the .ippearance of the antibod y in t1~e latex
agglutination test is much earlier. Accordin g to Mishra ci’ aL (1970) the latex agg1ut1nat~tg
antibody was positive with a titer of 1:2 as early as 5 days after infection followe d b~ a
progressive rise with a titer of 1:64 in 10-17 days. This augmentation corresponded to the
phase of the 4th mou lting and mig rating of the parasites to the surface of the brain (Mlzhra
et aL , 1970).

The precipltln antibodies are in general produced in experimental rats . Mlshra and
Benex (1970) showed the presence of 2 precIpitating lines located near to the antig en well
in the Immuno electrophore sis test as early as 6 days after infection with a rise in staining
intensity up to 40 days of observation.

Kamlya (1975) performed the Immunoelectrophoresis test sequentially In 5 rats
infected with 100 third-stage larvae. In general 3 bands were observed. The band on the
cathode side near to the antigen well was demonstrated as early as I week after- infection
followed by 2 other bands one at the cathode side, and the othe r at the anode side some
2.6 weeks later. Yoshi mura ci a!. (1976) found as many as 5 Immunoelectrophoretlc
bands 6 days after infection with a mean of 77 third-stage larvae of the Hawaiian strains
of A. cantonensis. Thereaf ter the number of bands varied between 5-8 up to 63 days after
infection .

— 154 —

~~~~~~,



• —
‘
- w- — - -

The ~mmunofluorescent antibody titer in seia of rats at various times after infection with
third -stage larvae was first reported by Mishra and Benex (1970). The antibody was detectable
as early as 4 days after infection . The reaction was strongly positive at 20 days after infection
and remained so for 11 months in chronically infected animals (Mlshra and Benex, 1970). Chen
and Suzuki (1974) showed that sera of rats intected with 100 larvae were positive with an
average titer of 1:40 at the 10th day after infection , followed by a gradual increase to a
maximum titer of around 1:640 at day 50. Similar finding was obtained with a large r infective
dose (i.e. 200 larvae), except that the titer on day 10 was lower. It should be noted that
antibody binding sites of A. cantonensis were internal tissues, muscle in both larval and adult
stages, but no specific reaction was observed in the cutide (Ishii and Kamiya, 1973; Chen and
Suzuki, 1974).

Production of reaginic antibody in rats and rabbits infected with A. cantonensis larvae as
measured by the passive cutaneous anaphylatic (PCA) test in homologous animals was reported
by Yoshimura and Yamagishi (1976). In 2 out of 3 rabbits , the reaginic antibody was detected
9 weeks after primary infection and persisted at very low titers thereafter. With secondary in-
fection, the antibody was detected sooner (i.e. 5 weeks) and the PCA titer increased markedly .
In rats , the peak reaglnic response was observed 5 weeks after primary infection. In contrast to
that found in the rabbit , the antibody production was only transient and no anamnestic
reaction was induced by reinfection.

CELL-MEDIATED IMMUNE RESPONSE (CMIR)

Rat. The cell-mediated immune response to angiostrongyliasis has been demonstrated
by 2 different methods , i.e. the blast transformation of lymphocytes in the presence of the
antigen and the migration inhibatory factor (MIF) using either somatic and ES antigen. With
the blast transformation test , Yoshimura and Soulsby (1976) showed that lymphocytes
(2 x 10 cells In 1.8 ml) from cervical lymph nodes of rats infected with a mean number
of 77 infective larvae of Hawaiian strain underwent significant transformation upon exposure
in vitro to 50 ug of the crude extract of adult worms. The response was observed during 1-4
weeks postinfection which was the time when the larvae were developing in the brain tissue.
Thereafter (5-17 weeks postinfection), the blastogenic response was apparently high, but p

statistically this was not different from that of the control. It Is possible that the number
of tests used In these experiment was not sufficiently large to be of significance, and it is
therefore recommended that additional studies be done to determine the duration of
blastogenlc response after infection. In subsequent work by Yoshimura and co-workers (1976)
the direct and the indirect MIF tests in agarose droplet were used. In the direct test , lymphold
cells from lymph nodes were mixed with guinea pig peritoneal exudate cells (FEC) in the
presence of the antigen, and migration of PEC was measured after incubation at 37°C
for 48 hours . The MIF response was varIable throughout 6-77 days after infection using
a mean of 58 infective larvae of Taiwanese strain. Seven infected rats on days 15 , 20, 48,
and 49 were positive, while 6 other Infected rats were negatIve on days 6, 34, 35, 37, 63
and 77. Furthermore, the MIF results did not necessarily agree with dermal reactivity .
The factor(s) responsible for this inconsistency were not known. In the indirect test, the
supematant from 48-hour cultures of lymphocytes grown in the presence of the antigen
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was tested against mig ration of normal guinea pig PEC . When lymphocytes from cervical
lymph nodes were used, 3 out of 8 rats tested durIng 7-37 days postinfection we re positive,
whereas with cells from mediastinal nodes of 5 out of 7 rats (71%) examined at 29-51 days
of infection yielded positive MIF test.

A slightly different method of direct testing used by Damrong-At (1977) in which
migration of PEC from rats infected with infective larvae of the Thailand strain in the
presence of either somatic antigen or female ES antigen was used. The results are presented
in Tables 2 and 3. Although variation was seen in each study group, the MIF test was positive
6-14 weeks after Infection . The positive MIF test was more pronoun ced when female ES
antigen was used. Findings from these 2 groups of investigators could not be justifiably
compared , owing to difference in the techniques used, the difference in the strain of the
parasite , the difference in the source of FEC used In the test , and the difference in the con-
centration of the antig en used. Nevertheles s , it is clear that cell-mediated immune response
develops in rats with angiostrongyliasis, but the role of CMIR in protective immunit y
against angiostrongyliasis in the rat requires further study.

Table 2

Summary of the effect ‘of female adult worm antigen on the migration of
peritoneal exudate cells from rats infected with Angiostrongylus cantonensis

NumberDuration of of Mean” S.E. P — value
infection rats (normal VS infected)

Unlnfected -

control 5 97.6 4.8
4 — 5 wks 7 85.0 4.0 <.05

6 wks 6 79.6 4.3 <.025
10 — 13 wks 6 88.7 5.5 >05
24 — 28 wks 6 92.1 3.6 >05

Taken from Dsmrong —At , A. (1977) M.Sc. Thesis, Mahidol University.
“Mean value of cell migration In the presence of antigen (The coresponding value of cell

a 
‘ migration In the absence of antigen was taken as 100).

Guthea lip . The MIF. response was consistently posItive 12-35 daya postinfection in guinea
pip Infected orally with a mean of 70 thlrd.stage larvae of the Taiwan strain of A. eantonensli
(Yoshimura et aL, 1976). In contrast to the study on blast transformation of lymphocyte
In rats, lymphoid cells from cervical lymph nodes, as well u, tho pe from the spleen from
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infected guinea pigs produced MIF. In addition , the results of MIF response correlated
well with delayed skin test activity, but infected guinea pigs failed to produce antibody
measured by the indirect haemagglutination and the gel diffusion tests.

Table 3

Summary of the effect of female ES antigen on the migration of peritoneal
exudate cells from rats infected with Angiostrongyhts cantonensis

Number -

Duration of of Mean ’ s.E. P. value
Infection rat (normal VS infected)

Uninfected
control 7 92.6 4.0

4 — 5 • wks 6 88.8 7.3 - >05
8 wks 6 75.4 2.1 <0.005

12 — 14 wks 8 67.4 - 8.9 
- 

<0.025
20 wks 4 77.2 6.1 - <0.05

Taken from Damrong —At , A (1977) M.Sc. Thesis, Mahidol University.

~Mean value of cell migration In the presence of antigen (the corresponding value for cell
migration In the absence of antigen was taken as 100).

IMMUNODIAGNOSIS OF HUMAN ANGIOSTRONGYLIASIS

Complement fixation (CF) test. The C1 test for anglostrongyliasis was first rep orted by
Anderson et aL (1962) using somatic and metabolic antig ens of A. cantonensis. With somatic
antigens, positive results were obse rved in sera from individuals with eoslnophlllc meningitis,
among Tahltians wit h no history of the disease and among children from non-endemic
tropical areas. The test was also performed with cerebrospinal fluid (CSF). CSF from 9
individuals diagnosed as having eoslnophillc meningitis were tested with metabol ic antigen
and 8 gave a reaction and one showed a weak reaction. Fewer reactions were obtained with
somatic antigens. Despite some positive finding either with metabolic or somatic antigens ,
the authors felt the results to be Inconclusive. MIshra and Benex (1970) were dissatisfied
with the CF test against immune rat sera. Three extracts of worms with protein concentrations
of 3, 4 and 7 mg per ml were shown to be antl.complementary even when diluted 1 /20.
Indirect l4aeiea~ ludeation (IHA) test with somatic antigen. The IHA test has been
used by several Investigator for the diagnosis of human anglostrongyllasls and some of the
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results are summa rised in Table 4. While Kamiya et aL (1973); Kamiya (1975) recorded a
high percentage of seropositivity (93%) In Thai patients with eosinophilic meningitis, the
seropositivity in the series of patients studied by Tungkanak was only 24%. The reason for
this discrepancy was unknown . Subsequent work by Taiwanese and Japanese investigators
using antig en purified by DEAE-cellulo se chromato graphy lend support to the contention
that this test has some value for the diagnosIs of angiostrongyllasls. In 4 patients with the
hIstory of eating raw Achatina falj ca, the IHA serum tite r was 1:128 in 2, and 1:256 In 2
others (Chen, 1975). Sato et aL (1975) showed that sera from 2 patients on Okinawa who
had a histories of eating livers from toads developed IHA titers of 1:4096 and 1:256 ,
and 6 months later the t iters decreased to 1:1024 and 1:128, respectively . In 2 other
patients with histories of eating raw slugs 10 and 53 months earlier , titers of 1:64 and 1:16,

- respectively, were obtained.

Tabk 4

Indirect haemagglutination tests in angiostrongyliasis

Pat ients diagnosed clinically
u eoslnoph lli c menlngltb

Contro l
Source and dilution of

Significant Serum CSF
No. antigen for sensitizat ion 

titer Ref.
of sheep red blood cells No. posltlve/ No. positive !

No.ixsml ned lo .ezamlned Serum CSF
(%) (%)

1:16 ,000 dilution of Kamiya

1. dry weight of adult 
1:32 for serum 

14/I S (93) 7/8 (85) 15/ 159 (9.4) 1/ 53 (2) (1913)
l :4 for CSF

female ~~ rm (1915)

at least 4 fold

Some as above, but lna.ass from Tua~kana k
2. the Ag used was 4 that of non- 4/17(24) S/ I 7(29) ND’ ND et eL.

times more diluted iensltlisd (1972)

cells

Extract of adult

worms purVled by 
1:40 4/4 ( 100 ND ND ND

DEAE c,iiolose (ISIS) V

chromsto~~aphy

ND=Not don.
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The IHA test has been used in a seroepidemiological study amon g patients with
sus pected Japanese encephalitIs on Taiwan (Suzuki et al., 1973). The antigen used was
the crude extract of adult worms and a titer of 1:40 or more was con sidered positive. A
seropositivity rate of 6% among 800 cases examined was found . However , false positive
reaction owing to possible cross.reactions with othe r helminths had not been ruled out.

Such false positive reactions have been docum ented in 9.4% of healthy Thai blood
donors (Kamiya et a!., 1975). This is likely to be due to cross-reaction with other parasitic
infections particularl y nematodes . Such cross-reactivity had been reported by Suzuki
et aL (1975) in sera of rats infected with Ascaris suum and Toxocara canis, but little or
no cors s-react ivity was foun d with Anisakis sp., Dirofilaria immitis, and Paragonimus
westermani. For a specific JHA test , it is desirable to purify the antigen to eliminate cross-
reacting antigens . With gel filtration thr oug h Sephadex G.200, Kamiya et aL (1973) showed
that most of the antigenicity for the IHA test was associated with the first elution peak.
With DEAE-cellulose chromatog raphy, the fraction with good IHA activity was recovered
from the peak eluted with phosphatebuffer containing 0.1 M NaC1 (Sato et aL , 1974) .
Chen (1975) purified the IHA antigen from a crude extract of adult worms by DEAE-cellulose
chromatograp hy and the associated antigens derived from the rat were removed by aff inity
chromatography (i.e. sepharose coupled with rabbit anti-rat serum). A more extensive
purification procedurd was reported by Suzuki et aL (1975) using various steps of aff inity
chromatography althoug h purified antigen showed good promise in the IHA test for human
angiostrongy liasis, the application of such antigen has not been documented.

The use of ES antigen in the IHA test for angiostrongy liasis has been reporte d only
in experimental rats showin g that only female ES, and not male ES antigen , was active
(Kamiya , 1975). Positive reaction was evident in sera from Infected rats only 6 or more
wee ks after infection thus supporting the contention by Jacobs and Lunde (1965) that
serum IHA activit y was associate d with fecundity .
Gel diffusion test and immunoelectrophoresis (IEP). Bouthemy et aL (1972) reported

- that 13 out of 16 serum sample s from 8 patients with eoslnoph ilic meningitis we re positive 
V

in the IEP test against the extract of adul t worm with the number of bands ranging from 1-4.
(4 bands 1; 3 bands 3; 2 bands 3; 1 band 6). Some of these sera were also react ive against
antigens from other helminths (4 agaInst D. viteae, 2 agaInst T. canis and I against A. suum).• Kamiy a (1975) found that 12 out of 15 patients (80%) wit h eoslnoph illc mening itis were

• positive in the JEP test using the extract of adult female worms , whereas sera from 100 •

blood donors and 6 patients with opisthorch iasis were negative. Tharavanlj et aL (1975,
unpublished observation) found that 13/20 (72%) patients with eosinoph llic meningItis
were positive In the IEP test against the extract of adult female worm , with the numbers
of bands ranging from 1-4 (4 bands 1; 3 bands 1; 2 bands 5 and I band 6). Furthermore 3
of 20 sera (15%) from r~auents with gnathostomlasis werc positive with only one band.
Sato et aL (1974) found that sera from 2 patients tested within a month after eating toad
livers were positive producing 6 and 2 precIpitatIng bands in the gel diffusion test. Sera 4’

from 2 othe r patients tested at 10 and 53 months after eating raw slug -were negative.
Enzyme-linked hnmuno .orbsnt a y  (ELISA). The test originally developed by Engvall
and P~rlmann (1972) was employed for the diagnosis of angiostrongylias is by Cross (1978)

V using the antigen prepared from the larvae recovered from rat brains. All sera (some of
them were paired) from 6 patients with anglostrongylid Induced eoilnophllic meningitis 

—
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(3 parasitologically confirmed) were positive with ELISA values ranging from 1 3-71. Sara
from 3 Americans with histories of eating raw snails on Okinawa and with clinical eosinoph ilic
meningitis were also posi tive with an ELISA values of 6.6, 13, and 33. In the healthy controls
and in patients with other parasitic Infection s e.g. amoebiasis, intestinal capillariasis,
bancroftlan fllariasis, and schistosomiasis the ELISA value was very low ranging from 0-6.3,
average 2.6. Although the ELISA method showed great promise, the author suggested V

additional testing and refinement of the test be done before adoption for routine use.
Detection of the antigen in the CSF. Theoretically, detection of the antigen would be V

more related to clinical illness than detection of serum antibody. Unfortunately, this approach
has not been attempted in human angiostrongillasis. The possible usefulness of this approach
was exemplified In monkeys experImentally infected with Angiostrongyhis larvae (Chen
ci aL , 1973). The antigen in the CSF was detected by Indirect haemagglutination test in
which tanned sheep red blood cells were sensitized with rat IgG antibody instead of A.
cuntonensis antigen. The antigen titer reached the highest titer at 10 days after infection
and declined gradually. Mtez 20 days the antigen was no longer detectable .
intradermal test. Immediate type of skin reaction had been reported, for the most part
for angiostrongyllasls. Alicata and Brown (1962) performed skin test by injecting 1:10,000
dilution of dried adult worm extract in physio log ical saline in 0.05 ml. Positive reactions
were found in Tahitlan patle~ts with eosinoph illc meningitis and residents In Tahiti , whe reas
controls were negative. Subsequently, Alicata and JInd Vrak (1970) reported tha t in areas
with increased parasitism , tests using the crude antigen were not reliable . Kagan and Zaiman
(1964) prepared an extract of lyophulised adult worm In modified Coca’s solution with
a protein -nit rogen concentration of 8 pg/mI. A volume of 0.05 ml was Injected intradermally
and the result read after 15 minutes . The results were considered positive with a wheal
diameter of 0.2 cm 2 or greater In 16 out of 88 (18%) Puerto Rican patients with tuberculosis
in New York City but none of the 259 non-Puerto Rlcans were posit ive. They concluded
that the positive reactions among Puerto Ricans were probably due to non-specific cross-
reactions with other helminth~c Infections, since A. cantonensis has not been found in
Puerto Rico. Consequent ly In 2 subsequent reports on the intradermal test the investigators
employed purified antigen. Chen ci aL (1974) used antigen purified by DEAE-cellulose
chromatography with the protein nitrog en content of 20 ug per ml and a volume of 0.02 ml
was inoculated Intradermally. The wheal diameter of 9 nun or larger measured at 15 minutes V

was considered as a positive reaction and positive reactions were obtained in 289 out of
1459 Talwanese residents (20%). The positive reaction could not be due wholly to an-
giostrongyliasis, since the skin test with a highly purified antigen was positive In 1.9% of
residents In Nllgata Prefecture, Japan where A. cantonensis had never been observed
(Suzuki ci aL , 1975).

SUMMARY >V

Specific acquired Immunity to anglostrongylus InfectIon has been demon strate d in
animals Infecte d with sublethal dose of infective larvae and In animals immunlsed with
irradiated larvae or secr etary~excretory antig en of adult female worm s~ A substantial number
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of worms in immune animals are dead and those that survive have stunted growth. The
mechanism whe reby immunity is operated is not clearly understood, but humoral and cellular
factors may have Important roles . Humora l antibody causes microprecipitation around
orifices of the worms and interferes with their metabo lism. The antibody response can
be detected as early as 5 days after infection and remains positive for a considerable -period
of time. The haemagglutinating antibody appears to be associated with maturity and
fecundity of adult female worms. Cell mediated immune responses have been demonstrated
in experimentally Infected rats or guinea pigs but the results so far reported showed some
variation with respect to the time course of infection, the source of lymphocytes used in
the test , and the species of animals used in the stu dy.

Several serological diagnostic tests for human angiostrongyliasis have been reported,
in which somatic antigens from adult worms are mostly used. Some of these test s show
good promise but more extens ive studies and evaluations are needed. ft appears however
that the ELISA test using the antig en prepared from the larvae recover ed from the brain
is most promising; the test employing purifie d antig en from the adult worms should also
be of value. In addition , detection of the antigen espec ially the ES antig en in the CSF
should be attempted , the success of which would be of benefit in the diagnosis of human
infection .
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