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Introduction

Angiostrongylus cantonensis is primarily a
parasite of rodents (Mackerras and Sanders,
1955), and it has attracted notice as an im-
portant agent of eosinophilic meningoence-
phalitis which occurs on many Pacific islands
and in Southeast Asia (Alicata, 1962 ; Rosen
et al., 1967 ; Punyagupta et al., 1970). The
disease is considered to be produced by in-
vasion into the central nervous system of the
3rd-stage larvae in the main ways of the
ingestion of molluskan intermediate hosts or
other paratenic hosts and characterized by
significant meningitic signs and abnormal
findings in cerebrospinal fluid such as in-
creasing of the fluid pressure and protein
concentration as well as, most constantly,
eosinophilic pleocytosis.

In spite of these clinical findings, the
disease is often difficult to distinguish from
a variety of other diseases affecting the
central nervous system. In addition, for the
direct diagnosis, worms of A. cantonensis
must be found in the cerebrospinal fluid but
this has been rather exceptional (Hsieh,
1967). Although some immunological tests
such as skin test and complement fixation
test have been used for the indirect diagnosis
(Alicata and Brown, 1962 ; Anderson et al.,
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1962 ; Kagan and Zaiman, 1964), the results
have been equivocal. For the immunological
diagnosis, it is considered that various im-
munological aspects in this disease must be
first clarified. Notwithstanding that more
than 2,000 cases of the disease have been
reported in the literature, the cases examined
immunologically are considerably few at the
present time.

Recently, the authors had an opportunity
to examine immunologically seven suspected
cases of angiostrongyliasis occurred in
Okinawa, and the results obtained are as
follows.

Materials and Methods

1) Collection of worms :

Third-stage larvae of A. cantonensis were
obtained from naturally infected land
snails, Achatina fulica, collected in southern
Taiwan. Twenty albino rats, weighing 100
~200 g each, were infected with 100 larvae.
The rats were sacrificed at 50 days after the
infection, and the adult worms were col-
lected from their lungs.

Adult Ascaris lumbricoides var. suum were
collected from intestines of slaughtered
swines, Dirofilaria immitis from hearts of
stray dogs, Paragonimus westermani from
lung of an experimentally infected dog,
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Echinoccocus multilocularis from livers of in-
fected gerbils and Clonorchis sinensis from
livers of infected rats, respectively.

2) Preparation of whole worm extracts:

Freshly collected worms were washed
several times with phosphate buffered saline
(PBS, 7.e. 0.006 M phosphate buffer conta-
ining 0.15M NaCl) pH 7.2, homogenized
and lyophilized. Then an excess of a cold
acetone was added to the dry powder for
delipidization. After centrifugation at 8,000
rpm for 30 minutes, an excess of PBS was
added to the sediment and well stirred for
48 hours at 4 C. The mixture was then
centrifuged at 10,000 rpm for 30 minutes,
and the supernatant fluid was concentrated,
dialyzed against PBS and stored at —20 C.

3) Preparation of antisera to A. canto-
nensits :

A rabbit, weighing 3,000 g, was used to
prepare the immune serum to the whole
worm extract of A. cantonensis. One mil-
liliter of the extract (10 mg of proteins) was
emulsified in an equal volume of Freund’s
complete adjuvant (Difco) and injected sub-
cutaneously four times at intervals of 7 days.
The rabbit was bled 10 days after the last
injection, and the serum was collected.

The sera from five rats infected with A.
cantonensis were also used as antisera to A.
cantonensis. These sera were collected 50
days after the infection, pooled and stored
at —20 C.

4) Collection of patient sera and cerebro-

spinal fluids :

Seven cases of eosinophilic meningoencepha-
litis occurred in Okinawa and examined
immunologically by the authors are listed-up
in Table 1. At the first examinations, the
patients elapsed about 4 years and 5 months
in case 1, 11 months in case 2, 40 days in
cases 3 and 4, 33 days in case 5, and 10 days
in case 7 after the suspected infection. Since
the patient of case 6 was only one-year-old,
infection source and date of infection of this
case could not be supposed. The sera of
four cases were further collected as follows :
at 72, 84, 128 and 180 days in cases 3 and 4,
at 44 and 73 days in case 5, and at 17, 24,
32, 39, 46, 53 and 67 days in case 7. The
cerebrospinal fluids were also collected from
cases 5, 6 and 7.

5) Gel-diffusion techniques :

Double-diffusion was performed according
to the method of Ouchterlony (1958) by using
1.2 % agarose (Beheringwerke) in Velonal-HCl
buffer (pH 8.6, #1=0.05) on a 5X8cm glass
slide. The depth of the gel was approxi-
mately 1.5 mm. Precipitin bands were al-
lowed to develop for 48 hours at room
temperature. The slide was then washed
for 7 days in several changes of normal saline
and dried under filter paper. Staining was
done with Amidoblack 10 B.

Immunoelectrophoresis was done according
to the method of Scheidegger (1955) using
the same gel-plate as above. A potential of
80V was maintained across the slide for 4

Table 1 Seven cases of eosinophilic meningoencephalitis probably due to A. cantonensis in Okinawa

Date of admission

Suspected Reporter

source of infection

Case No. Age, Sex to hospital
1 47, 2 Oct., 1970
2 34, @ 11, May, 1974
3 38, 9 21, Feb., 1975
4 20, & 21, Feb., 1975
5 53, % 23, Oct., 1975
6 1, % 27, Dec., 1975
7 49, & 4, Feb., 1977

Yonamine (not reported)
Nakamoto et al., 1974
Kinjo et al., 1975

Kinjo et al., 1975
Nakamoto, 1976
Ashimine, 1976

Hanada (not reported)

Deroceras laeve
Laevicaulis alte
Bufo asiaticus
Bufo asiaticus
Achatina fulica
unknown
Achatina fulica

Cases_ 1 and 2:
Cases 3 and 4:
Cases 5 and 7:

swallowing of a slug as medicine
swallowing of fresh liver of a toad as medicine
handling or eating of the snails

(2)



hours and precipitin bands were allowed to
develop for 48 hours at room temperature.
The drying and staining procedures were
similar to the above.

6) Indirect hemagglutination test (IHA
test) :

The test was almost the same as the
method of Jacobs and Lunde (1957) with
sheep erythrocytes treated with 1: 100,000
tannic acid. The antigen which was purified
as already described (Sato, 1975) was used
at a protein concentration of 200 pg/ml to
sensitize the sheep erythrocytes. All sera
were inactivated at 56 C for 30 minutes and
then absorbed with non-treated sheep ery-
throcytes to remove natural antibodies.
Dilutions of sera were made with PBS contain-
ing 0.6 % inactivated normal rabbit serum.
For estimation of antibody titer, a microtiter
plate with V-bottom was used. The test-
sera were diluted with a calibrated diluter
in a serial 2-fold dilution, and then a drop
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of 1% sensitized cell suspension was added
to each well with a calibrated dropper. The
plate was shaken to suspend the cells and
was allowed to settle for 4 hours at room
temperature before the resulting patterns of
cells at bottoms were read.

7) Skin test:

Antigen employed in the test was purified
with the antibody-immunoadsorbent columns
(Sato et al., 1974). The test was per-
formed by the intradermal injection of the
antigen (0.3 p#g of protein nitrogens) in 0.02
ml of saline on the volar surface of the
forearm. The diameter of the wheal and
erythema were measured at 15 minutes after
the injection. A positive reaction in the test
was considered to be a wheal of 9mm or
more, or a erythema of 20 mm or more in
mean diameter (Ishizaki et al., 1961).

8) Mercaptoethanol treatment of sera and
cerebrospinal fluids :

The sera and cerebrospinal fluids were

Table 2 Results of the gel-diffusion techniques on seven suspected cases of angiostrongyliasis

Case Tiglf(:e:lilﬁzed Ouchterlony reactjoEs against whole worm extract of{ No. of immunoelectrophor-
No. suspected A. cant- A.lumb. D.immi- P. west- C. sine- E.multi- etlchplieapltm Zartldsctto
infection onensis suum tis ermant nsis  locularis whole worm extra

1 4 years & o _ _ " : 7 _ o ___7 —ﬁi_f B -
freas &y ) ) ) () 0
2 11 months (=) - — (=) (=) (=) 0
40 days (+) (=) (=) (=) 6
72 days (+) 6
3 84 days (+) 5
128 days (+) 3
180 days (+) 1
40 days (+) (=) (=) (=) (=) 3
72 days (+) 3
4 84 days (+) 3
128 days (+) 1
180 days (+) 1
33 days (H) (H)y* () (+) (=) (=) 5
5 44 days (+) (+)* 5
73 days (+) (+)* 5
6 20 days** H)HHH* () (=) (=) (=) 5
10 days (=) (=) (—) (=) (=) 0
17 days () (=)* (=) (=) (=) (—) 1
24 days (+H)H* (=) (+) (=) (=) 2
7 32 days (+) 4
39 days (+) 4
46 days (+) 5
53 days (+) 4
67 days +) 3

(): result of serum, ( )*: result of cerebrospinal fluid, ** Time elapsed after the admission

to hospital
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diluted 1:4 with PBS and dialyzed overnight
at room temperature against PBS containing
0.1 M 2-mercaptoethanol (2-ME). The 2-ME
was removed prior to antibody assey by

further dialysis against several changes of
PBS for 18 hours at 4 C.

Results

1) Examinations by the gel-diffusion te-
chniques :

The sera of above-mentioned cases were
examined by the Ouchterlony method and
immunoelectrophoresis, and the results obta-
ined are summarized in Table 2. By the
Ouchterlony method, the sera of cases 3, 4,
5 and 6 showed marked positive reactions at
the first examination, whereas, the sera of
cases 1 and 2, 4 years and 5 months and 11
months after the suspected infection respec-
tively, did not develop any precipitin band
(Fig. 1, A). The results of periodical exam-
inations of case 7 are represented in Fig. 1,

B. The positive reaction first appeared at 17
days and continued following 50 days. When
the sera of five cases, which showed positive
reactions in the Ouchterlony method, were
further examined by immunoelectrophoresis,
5 or 6 precipitin arcs in cases 3, 5 and 6
were similar to those of infected rats, while
only 3 arcs were observed in case 4 (Fig. 2).
During the period of 180 days of the examin-
ation in cases 3 and 4, number of precipitin
arcs was decreased gradually with the lapse
of time (Table 2), and all of the arcs except
only one, as seen in Fig. 2, disappeared at
180 days in both cases. The sera of case 7
were also periodically examined and the
results are revealed in Fig. 3. In this case,
the number of precipitin arcs was only one
at 17 days but it was increased up to 5 arcs
within following 29 days.

The cerebrospinal fluids of cases 5, 6 and
7 were examined by the Ouchterlony method
and the antibodies could be detected in all

Fig. 1 A) Ouchterlony reactions of six cases against whole worm extract of A. cantonensis.
B) Ouchterlony reactions of case 7 showing periodical changes of precipitin bands against
whole worm extract of A. cantonensis.

Ac:-whole worm extract of A. cantonensis, IRS : serum of rat infected with A. cantonensis,
NHS: normal human serum, Case 1, 2, 3, 4, 5, 6 and 7: sera of cases 1 at 4 years and 5
months, 2 at 11 months, 3 and 4 at 40 days, 5 at 33 days, 6 at 20 days* and 7 at 10, 17, 24,
32, 39, 46, 53 and 67 days after the suspected infection or admission to hospital*.
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Fig. 2 Immunoelectrophoretic analysis of
cases 3, 4, 5 and 6. Wells were filled with
the whole worm extract of A. cantonensis
and troughs with sera or cerebrospinal fluid
(CSF) of these cases as indicated.

specimens except one of case 7 at 17 days
(Table 2). The intensity of the precipitin
bands of the cerebrospinal fluids, however,
was generally weaker than that of the sera
(Fig. 4). When the antibodies in the cere-
brospinal fluid and the serum of case 5 at 44
days were analyzed immunoelectrophoretica-
lly, the numbers of precipitin arcs were 5 in
the serum and only 2 in the cerebrospinal
fluid. This result is also shown in Fig. 2
Cross-reactions against D. immitis and A.
lumb. suum were observed in cases 3 and
5, against A. lumb. suum and E. multilo-
cularis in case 6, and against D. immitis in
case 7 (Fig. 5). The reactions against
antigens of other helminthic species in cases
4, 6 and 7 were weaker than those against

(5)

Fig. 3 Immunoelectrophoretic analysis of
case 7. Wells were filled with the whole
worm extract of A. cantonensis and troughs
with the sera of case 7 periodically collected
during 10 to 67 days after the suspected in-
fection and antiserum of rabbit immunized
with the whole worm extract (Anti-Ac).

A. cantonensis, however, the reactions aga-
inst D. {mmitis in case 3 were considerably

strong as well as against A. cantonensis.

When the reactions of case 3 were analyzed
by the immunoelectrophoresis (Fig. 6), 6
precipitin arcs were demonstrated against
A. cantonensis but only 3 arcs against both
A. lumb. suum and D. immitis.

2) Examinations by the
tion test :

Antibody levels estimated by the IHA test
with the sera and cerebrospinal fluids of
seven cases are summarized in Table 3. In
six cases examined within 11 months after
the suspected infection, the sera showed

hemagglutina-
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Fig. 4 Ouchterlony reactions of the serum
and cerebrospinal fluid (CSF) of case 5 at
44 days. Wells were filled with the whole
worm extract of A. cantonensis (Ac), serum
and cerebrospinal fluid of case 5 as indicated.

Fig. 5 Ouchterlony reactions of cases 3,
5, 6 and 7 against whole worm extracts of

six helminthic species. 3, 5, 6 and 7: sera
of cases 3, 5, 6 and 7, Di, As, Pw, Cs, Ac

and Em: Whole worm extracts of D. im-
mitis, A. lumb. suum, P. westermani, C.
sinensis, A. cantonensis and E. multilo-

cularis, respectively.

positive antibody levels over X16. Although
the positive reaction in case 2, 11 months
after the infection, was significantly weak,
other sera of cases 3, 4, 5 and 6 showed high
levels of titer over X256. In cases 3 and 4,
the titers of X4,096 in case 3 and of X256
in case 4 were detected at first 40 days and
peak titers of X 8,192 in case 3 and of X512

(6)

f

2640 DAYz

Fig. 6 Immunoelectrophoretic analysis of
case 3 against whole worm extracts of A.
cantonensis, A. lumb. suum and D. immitis.
Wells were filled with whole worm extarcts
of A. cantonensis, A. lumb. suum and D.
immitis indicated as Ac, As and Di and
troughs with serum of case 3 at 40 days.

in case 4 were obtained at next 72 days in
both cases. The peak titers were maintained
for subsequent 12 days and then began to
decline slowly. More violent changes in the
antibody titers were observed in case 5 in
which antibody titer as high as X512 at 33
days reached to X2,048 within following 11
days and then fell to X1,024 at 73 days. In
case 6, the titer of X8192 was already dete-
cted at 20 days after the admission to
hospital. The antibody response in early
stage of infection could be examined in case
7. 1In this case, low titer of X16 at 10 days
rose steadily to a peak titer of X2,048 at 39
days, maintained subsequent 7 days and then
fell to X1,024 at 53 and 67 days. The anti-
bodies were also detected by the IHA test
in the cerebrospinal fluids of cases 5, 6 and 7,
but its antibody titers were considerably lower
than those of the sera. In addition to the
low titer level, the appearance of antibodies
in the cerebrospinal fluid of case 7 was later
than that in the serum (Table 3).

In order to study the effect of the 2-ME
treatment on the antibody activity, the sera
and cerebrospinal fluids were treated with
0.1M 2-ME and antibody levels were com-
pared before and after the treatment. As
seen in Table 3, the 2-ME treatment was
somewhat effective in the specimens collected
within 40 days. In the specimens of case 5
collected at 33 days, the titers fell from



Table 3 IHA titers of seven suspected cases of angiostrongyliasis

Time elapsed after the

IHA titers

Case No. suspected infection e A o L
Before 2-ME treatment After 2-ME treatment
1 4 years & 5 months <16 *x o
2 11 months 64 64
40 days 4,09 2,048
72 days 8,192 4,096
3 84 days 8,192 8,192
128 days 4,096 4,096
180 days 1,024 1,024
40 days 256 128
72 days 512 512
4 84 days 512 512
128 days 256 128
180 days 256 256
33 days 512(256) 256 (64)
5 44 days 2,048 (512) 1,024(256)
73 days 1,024 (256) 1,024 (256)
6 20 days* 8,192 (1024) 2,048(256)
10 days 16 <16
17 days 64(<16) <16(**)
24 days 128(32) 32(**)
7 32 days 512 256
39 days 2,048 1,024
46 days 2,048 2,048
53 days 1,024 1,024
67 days 1,024 1,024

* Time elapsed after the admission to hospital,

() Titers in the cerebrospinal fluids

Table 4 Results of the skin test of five
suspected cases of angiostrongyliasis

Time elapsed after Skin reactions

Case
No. the ?usgected Wheal / Erythema
1niection
B (mm)
1 4 years & 5 months 12X 11/30% 25
2 11 months 10X 8/30%25
3 40 days 15X 11/20% 20
4 40 days 15X 11/40% 25
5 33 days 10X 9/31x29

X512 to X256 in the serum and from X256
to X64 in the cerebrospinal fluid. The 2-ME
treatment also decreased antibdy activities
of case 6 from X 8,192 to X 2048 in the serum
and from X 1,024 to X256 in the cerebrospinal
fluid. In case 7, the antibody titers of low
levels in the sera collected within 17 days
were completely destroyed by the treatment.
Contradictory, the 2-ME treatment did not
so much effect on the antibody activities in
the specimens collected at 72 days or more.

(7))

** not examined

3) Examinations by the skin test:

In Table 4, the results of the intradermal
skin test with the purified antigen on 5
patients are shown. Strong positive reac-
tions over 9 mm in mean diameter of wheal
and 20 mm in erythema were observed on
these 5 patients even on a patient who
elapsed so long as 4 years and 5 months and
whose serum showed positive reacton neither
in the Ouchterlony method nor in the THA
test.

Discussion

After the report of Rosen et al. (1967),
Angiostrongylus cantonensis, a Metastrongylid
lungworm of rodents, has received much
attention as the causative agent of human
eosinophilic meningoencephalitis in the Paci-
fic islands and Southeast Asia. In Japan,
three cases of eosinophilic meningoencepha-
litis probably due to A. cantonensis were first
reported in 1970 (Simpson et al., 1970), suc-
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cessively nine similar cases occurred untill
the present time in Okinawa (Ashimine ez
al., 1970 ; Yonamine and Ashimine, 1972;
Nakamoto et al., 1974; Kinjo et al., 1975;
Ashimine, 1976 ; Nakamoto, 1976). These
twelve including unreported three
cases were summarized in a review by
Otsuru (1977). On the other hand, a number
of reports have been published concerning
the distribution and incidence of the parasite
in its definitive and intermediate hosts in
Japan (Nishimura, 1966; Ohbayashi and
Orihara, 1968 ; Hori et al., 1969 ; Hori and
Kusui, 1972 ; Hori et al., 1973 ; Hori et al.,
1974 ; Asato and Kishimoto, 1976 ; Sano ez
al., 1977).

In endemic areas, it has been considered
that the diagnosis of the disease is,
general, not so difficult because of the chara-
cteristic clinical syndrome such as appearance
of meningitic signs, eosinophilic pleocytosis
in the cerebrospinal fluid and so on. These
symptoms, however, do not always occur
uniformly and are of various grades. There-
fore, the disease may be mistaken for a
variety of other disease affecting the central
nervous system even in the endemic areas.
For example, in our survey conducted in
Taiwan, suspected Japanese encephalitis
cases were examined for angiostrongyliasis
by the IHA test and a high positive rate
was obtained among the negative cases in
the hemagglutination inhibition test for
Japanese encephalitis (Suzuki et al., 1973 ;
Otsuru et al., 1977).

Introduction of some suitable immunodiag-
nosis for angiostrongyliasis has been desired,
but relatively little information is available
In previous papers, the authors
reported the purification of specific antigen
for immunodiagnosis by using the immunoa-
dsorbent (Sato et al., 1974 ; Sato, 1975) and
it was successfully used as a skin test antigen
in an epidemiological survey conducted in
Taiwan and Okinawa (Chen et al., 1974 ;
Otsuru et al., 1977) and as an IHA test
antigen in an experimental study of infected
(Sato, 1975).
suspected cases of angiostrongyliasis occurred

cases

in

on it.

animals Fortunately, seven

(8)

in Okinawa were immunologically examined
with these purified antigens.

The sera of five out of these seven cases,
examined within 180 days after the suspected
infection, showed positive reactions in the
gel-diffusion test. ~ When these positive
cases were examined immunoelectrophore-
tically, four cases developed 5 or 6 precipitin
arcs in their maximum numbers showing
similar patterns to those of infected rats.
Another positive case, however, developed
only 3 arcs. This difference may be related
to the dose of infected larvae. Even in the
same case, the number of immunoelectro-
phoretic precipitin arcs were different as the
course of time after infection. In two cases
examined throughout 180 days, their maxi-
mum numbers of precipitin arcs were
already obtained at the first 40 days, and it
decreased to only one at 180 days. On the
other hand, in a case periodically examined
during 10 to 67 days, the number of pre-
cipitin arcs increased from one at 17 days
to five at 46 days. Although three antigenic
components specific for A. cantonensis have
been identified by immunoelectrophoresis
(Tsuji, 1975), we could not determine whe-
ther those specific bands were included in
the precipitin arcs obtained with the patient
sera in the present study. Many cross-
reactive components have been observed
among the whole worm extracts of A.
cantonensis, A. lumb. suum, T. canis and D.
immitis (Borthemy et al., 1972 ; Tsuji, 1975),
and in our examinations, the sera of patients
also cross-reacted against whole worm ext-
racts of A. lumb. suum, D. immitis and/or E.
multilocularis, though the cross-reactions
were generally weak and the numbers of
immunoelectrophoretic precipitin arcs were
less than that with A. cantonensis. So it
should be emphasized that the Ouchterlony
method may be not sufficient itself, and
further demonstration of immunoelectro-
phoretic pattern similar to that of infected
rat may be necessary for the diagnosis.
However, it seems that the appearance of
such in

immunoelectrophoretic ~ pattern

human infection needs one month or more



after the infection. The identification of
precipitin bands specific for A. cantonensis
among the precipitin arcs developed by
patient serum may be also very important
for the diagnosis, but it is the subject for a
future study.

The THA test is a sensitive and advan-
tageous test for detection and estimation of
antibodies, and it was successfully used for
detection of serum antibodies in rats infected
with A. cantonensis (Kamiya and Tanaka,
1969 ; Sato, 1975). By this method, the sera
of 6 cases examined within 11 months showed
positive antibody response. Among these
positive cases, the serum of a case elapsed
11 months showed considerably low titer of
X 64, however, high titer levels over X256
were detected in other 5 cases and persisted
over 6 months in 2 out of these cases. The
antibody response in early stage of infection
could be examined about a case in which
low titer of X16 at 10 days rose rapidly to
a peak titer of X2,048 within following 29
days. From the results, it was considered
that the antibodies with the THA test may
rise rapidly within 1 month and began to
diminish during 6 to 12 months after the
infection. Therefore, it may be very
important for the diagnosis to demonstrate
the violent change of antibody titer within 1
month at least by means of two-point
examinations at a certain interval. Anti-
bodies were also detected in the cerebrospinal
fluids by the test, but its appearance was
later and its levels were considerably lower
than those of the sera. In an experimental
infections to monkeys, it has been reported
that the antibodies with THA test were first
provoked in the cerebrospinal fluids and its
titers were generally higher than those of
sera (Chen et al., 1973). The results obta-
ined in our human examinations were
different from this results, and the reasons
why this differences occurred are obscure.

The 2-ME sensitivity of the sera and
cerebrospinal fluids were tested in an attempt
to distinguish between 2-ME sensitive (IgM)
and 2-ME resistant (IgG) antibodies. The
antibody activities were somewhat destroyed

(9)
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by the 2-ME treatment in the specimens
collected within 40 days, however, the treat-
ment did not effect on antibody activities
in the specimens collected at 72 days or
more. From the results, it was considered
that the 2-ME sensitive IgM antibodies in
the early stage of infection were low levels
and it may be tranferred to the 2-ME
resistant IgG antibodies within 2 months
in the disease.

There are several reports concerning the
skin test for angiostrongyliasis in man using

adult worm extract (Alicata and Brown,
1962 ; Kagan and Zaiman, 1964). However,
they were unable to obtain conclusive

result because of many cross-reactions with
other helminthic antigens and non-specific
reactions due to the complex nature of the
antigens used. The majority of investigators
now agree that the test should by of limited
value to exclude the doubt of the disease
only in the case showing negative reaction.
In the present study, five cases examined by
the skin test showed strong positive reactions
even on the case elapsed so long as 4 years
and 5 months after the suspected infection
and did not show any positive reaction in
the gel-diffusion test and the IHA test with
its serum. On the other hand, Suzuki ez al.
(1974) carried out the test with the same
antigen on 21 cases of eosinophilic meningo-
encephalitis occurred in Taiwan, and in-
dicated that the antibody responsible for the
skin test came to be detected about 10 to 30
days after the onset of the disease. In
addion to this negative reaction within 10
days or more after the onset of disease,
remaining of positive reaction for a long
time after disease indicates more difficulty in
the practical use of the test for the diagnosis
of each case, and the test may be still of
value as a screening test in epidemiological
survey.

As discussed above, the immunologically
characteristic findings in the disease seemed
to occur within about 1 month after the in-
fection, and it was considered that the
change of antibody levels with the IHA test
in early stage of infection and the demonstra-
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tion of immunoelectrophoretic pattern similar
to that of infected rat or the identification
of precipitin arcs specific for A. cantonensis
are reliable for the diagnosis of this disease.

Summary

For the immunological diagnosis of angio-
strongyliasis, the immunological examina-
tions by the gel-diffusion techniques, the
indirect hemagglutination test and the skin
test were carried out on seven suspected
cases of angiostrongyliasis
Okinawa Prefecture.

occurred in

Out of seven cases, four cases examined
within 6 months after the suspected in-
fections showed positive reactions in all of
these tests except the skin test which could
not apply to 2 cases. However, one of other
2 cases examined at 11 months did not show
positive reaction in the gel-diffusion test.
Another case elapsed 4 years and 5 months
showed positive reaction only in the skin
test.

In immunoelectrophoretic analysis of 5
cases, immunoelectrophoretic patterns of 5 or
6 precipitin arcs were similar to those of
infected rats in four cases, but another case
developed only 3 precipitin arcs.  The
numbers of immunoelectrophoretic precipitin
arcs varied as the laps of time after infection
in 3 cases periodically examined, and their
maximum numbers of precipitin arcs occur-
red at about 1 month or more. Cross-
reactions with the antigens of other parasites,
such as A. lumb. suum, D. immitis and E.
multilocularis, were often observed.

In the indirect hemagglutination test, titers
of high level near to the baseline titer to a
plateau were detected within 1 month or
more in 5 cases and it were persisted over
6 months in 2 cases. The serum of a case
elapsed 11 months showed considerably low
titer. From these results, the antibodies
may rise rapidly within 1 month and it
began to diminish during 6 to 12 months
after the infection.

The antibodies were also detected in the
cerebrospinal fluids of 3 cases with the gel-

diffusion test and the indirect hemagglu-

(10)

tination test, however, its appearance was
later and its levels were lower than those
of the sera.

Positive skin reactions were observed on
all of examined five patients even on a
patient who elapsed so long as 4 years and
5 months and whose serum showed positive
reaction neither in the gel-diffusion test nor
in the indirect hemagglutination test.

From the results obtained, it is considered
that the immunologically characteristic and
reliable findings for the immunodiagnosis
may occur within 1 month after infection
and that the demonstration of immunoelectro-
phoretic pattern similar to that of the in-
fected rat, as well as the identification of
specific band for A. cantonensis, and the
violent change of antibody titers in early
stage of infection may be very important
for the immunodiagnosis.

References

1) Alicata, J. E. (1962) :  Angiostrongylus
cantonensis (Nematoda : Metastrongylidae) as
a causative agent of eosinophilic meningitis

of man in Hawai and Tahiti. Canad. J.
Zool., 40, 5-8.
2) Alicata, J. E. and Brown, R. W. (1962) :

Preliminary observations on the use of an
intradermal test for the diagnosis of eosino-
philic meningoencephalitis in man caused
by Angiostrongylus cantonensis. Canad. J.
Zool., 40, 119-124.

Anderson, R. I., Sadun, E. H., Rosen, L.,
Weinstein, P. P. and Sawyer, T. (1962) :
The detection of antibodies in eosinophilic
meningitis. J. parasit., 48 (Suppl.), 15-16.
Asato, R. and Kishimoto, T. (1976) : Eco-
logical studies on Angiostrongylus canton-
in Okinawa Islands. (1) Distribution
and positive rate of A. cantonensis in in-
termediate hosts and rodents. Jap. J. Pa-
rasit., 25 (Suppl.), 30.

Ashimine, K., Shikina, M., Chinen, M. and
Nakahara, H. (1970) : A case of eosinophilic
meningitis. cit. in Abst. 38th annual me-
eting, Okinawa-ken Igakkai, 20.

Ashimine, K. (1976) : Angiostrongyliasis in

3

4)

ensis

5)

6)

. Okinawa ; Clinical aspects (I): (Panel discus-

sion). cit. in Abst. 29th annual meeting,

Southern Branch of Jap. Soc. Parasit.



7

~

8)

9

10

=

11)

12)

13)

14)

15)

16

N2

Borthemy, F., Capron, A., Afchain, D. and
Wattré, P. (1972) : Structure antigénixue du
Nématode Angiostrongylus cantonensis; As-
pects immunologiques des relations hote-
parasite. Ann. de parasit., 47, 531-550.
Chen, S. N., Suzuki, T., Liu, K. H. (1973) :
Studies on immunodiagnosis of
strongyliasis. 1. Detection of antigen and
antibody in serum and cerebrospinal fluid.
J. Formosan Med. Ass., 72, 161-166.

Chen, S. N., Lee, S. Y., Liu, K. H., Tseng,
P. T., Suzuki, T., Sato, Y., Sekikawa, H.
and Osturu, M. (1974) :
observations of angiostrongyliasis in Taiwan.
2. Skin test with purified antigen. J.
Formosan Med. Ass., 73, 411-416.

Hori, E., Miyamoto, K., Ikeda, O., Abe,
H. and Nakasawa, H. (1969) : A survey of
parasitic helminths, especially Angiostrongy-
lus cantonensis (Chen, 1935) Dougherty,
1946 from house rodents in the harbor side
areas and overseas ships of Yokohama and
Kawasaki. Jap. J. Parasit., 18, 258-264.
Hori E. and Kusui, Y. (1972) : A survey of
Angiostrongylus cantonensis in the harbor
side areas of Tokyo. (1) A survey of Angio-
strongylus cantonensis on house rodents.
Jap. J. Parasit., 21, 90-95.

Hori, E., Kusui, Y., Matui, A. and Hattori,

angio-

Epidemiological

T. (1973) : A survey of Angiostrongylus
cantonensis in the harbor side areas of
Tokyo. (2) On the intermediate hosts of

Angiostrongylus cantonensis. Jap. J. Parasit.,
22, 209-217.

Hori, E., Miyamoto, K., Kusui, Y. and Saito,
K. (1974) : A survey of Angiostrongylus
cantonensis in the Haha-jima, Ogasawara
Islands. Jap. J. Parasit., 23, 138-148.
Hsieh, H. C. (1967) : Angiostrongylus can-
tonensis and eosinophilic meningitis or
meningoencephalitis due to its infection.
Taiwan Clin. Med., 73, 411-416.

Ishizaki, T., Araki, H. and Kutsumi, H.
(1961) : Fundamental studies on the skin
test. 1. Determination of a borderline

between negative and positive skin reaction
through the mass survey and quantitative
analysis on the specificity of skin sensitivity.
Jap. J. Allergy, 10, 308-317.

Jacobs, L. and Lunde, M. N. (1957) : A
hemagglutination test for toxoplasmosis. J.
Parasit., 43, 308-314.

Kagan, I. G. and Zaiman, H. (1964) : Eva-
luation of helminth skin-test antigens in a

(11)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

219

hospital in New York City. Amer. J. Trop.
Med. Hyg., 13, 82-88.

Kamiya, M. and Tanaka, H. (1969) : Hem-
agglutination test in rats infected with
Angiostrongylus cantonensis. J. Exp. Med.,
39, 593-599.

Kinjo, K., Sueyoshi, K., Ohta, M., Ohama,
K. and Nakamoto, M. (1975) : Two cases of
eosinophilic meningoencephalitis: Angio-
strongyliasis caused by swallowing of liver
of a toad, Bufo asiaticus. cit. in Abstr. 16th
annual meeting, Okinawa-ken Igakkai, 7-8.
Mackerras, M. J. and Sanders, D. F. (1955) :
The life history of the rat lungworm, Angio-
strongylus cantonensis (Chen) (Nematoda :
Metastrongylidae). Aust. J. Zool., 3, 1-25.
Nakamoto, M., Hazama, H., Kadekawa, Y.
and Kinjo, M. (1974) : A case of eosino-
philic meningoencephalitis; Angiostrongy-
liasis caused by swallowing of slug, La-
evicaulis alte. cit. in Abstr. 45th annual
meeting, Okinawa-ken Igakkai, 14.
Nakamoto, M. (1976) : Angiostrongyliasis
in Okinawa; Clinical aspects (II): (Panel
discussion). cit. in Abst. 29th annual mee-
ting, Southern Branch Jap. Soc. Parasit.
Nishimura, K. (1966) : Investigation of the
rat lung-worm, Angiostrongylus cantonensis
in the Ryukyu Islands. Jap. J. Parasit., 15,
232-238.

Ohbayashi, M. and Orihara, M. (1968) :
Discovery of Angiostrongylus cantonensis
(Chen) Dougherty, 1946 from a rat in Sap-
pro, Northern Japan. Jap. J. Parasit., 17,
1-4.

Otsuru, M., Sato, Y., Sekikawa, H., Asato,
R., Lee, S. Y., Wang, L. Y. and Tseng, P.
T. (1977) : Immunological survey on angio-
strongyliasis in Okinawa and Taiwan. Jap.
J. Parasit., 26 (Suppl.), 39.

Otsuru, M. (1977) : Angiostrongylus canto-
nensis. Animals of medical importance in
the Nansei Islands in Japan, edited by Sasa,
M., Shinjuku Shobo, Tokyo, 355 pp.
Ouchterlony, O. (1958) :
methods for immunological analysis.
Prog. Allergy, 5, 1-78.

Punyagupta, S., Bunnang, T., Juttijudata,
P. and Rosen, L. (1970) : Eosinophilic men-
ingitis in Thailand. Epidemiologic studies
of 484 typical cases and the etiologic role of
Angiostrogylus cantonensis. Amer. J. Trop.
Med. Hyg., 19, 950-958.

Rosen, L., Loison, G., Laigret, J. and Wal-

Diffusion-in-gel
II.



8]
%]
(=]

30)

31)

32

~

33

N2

34)

lace, G. D. (1967) : Studies on eosinophilic
meningitis. 3. Epidemiologic and clinical
observations on Pacific islands and the pos-
sible etiologic role of Angiostrongylus
cantonensis. Amer. J. Epidem., 15, 15-44.
Sano, M., Ishii, A., Mochizuki, H., Nakao,
S., Kikuchi, H. and Kosemura, H. (1977) :
Epidemiological survey of Angiostrongylus
cantonensis in Shizuoka Prefecture. Jap. J.
Parasit., 26 (Suppl.), 39.

Sato. Y., Suzuki, T., Yamashita, T., Seki-
kawa, H., Chen, S. N., Lee, S. Y. and Liu,
K. H. (1974) : Studies on immunodiagnosis
of angiostrongyliasis. 4. Purification of
antigen by using immunoadsorbent. Jap. J.
Parasit., 23, 42-52.

Sato, Y. (1975) : Application of the immuno-
adsorbent to the purification and pre-
paration of specific antigens for immuno-
logical reactions in helminth infections.
Acta Medica et Biologica, 23, 109-148.
Scheidegger, J. J. (1955): Une micro-methode
de I’immuno-electrophorese. Intern. Arch.
Allergy Appl. Immunol., 7, 103-110.
Simpson, T. W., Yonamine, T., Henzan,
E., Nishimura, T. and Chinen, S. (1970) :

(12)

35)

36)

37

38)

Eosinophilic meningitis in Okinawa. Three
suspected cases of angiostrongyliasis in
man. Amer. J. Trop. Med. Hyg., 19, 770-
774.

Suzuki, T., Liu, K. H., Chen, S. N., Lee,
S. Y., Lin, S. Y. and Tseng, R. T. (1973):
Epidemiological observations on angio-
strongyliasis in Taiwan. 1. Results of in-
direct hemagglutination test for angio-
strongyliasis among suspected Japanese
encephalitis cases. Jap. J. Parasit., 22, 187-
192.

Suzuki, T., Otsuru, M., Sakikawa, H.,
Shiraki, T., Sato, Y., Chen, S. N. and Lee,
S. (1974) : Studies on immunodiagnosis of
angiostrongyliasis. 6. Evaluation of an in-
tradermal test with a purified antigen. Jap.
Parasit., 23, 391-396.

Tsuji, M. (1975) : Comparative studies on
the antigenic structure of several helminths
by immunoelectrophoresis. Jap. J. parasit.,
24, 227-236.

Yonamine, T. and Ashimine, K. (1972) :
Four cases of eosinophilic meningitis. Net-
tai, 7, 27-30.



FPEEIC BT B IR MAR RAEREL DIFFATR M RN B REAR B¢ 7 REBI D S HFAIRET

Rt KEERHK
(BB K2 EEDEG W)
ZE =
(o U 2 3 2R TR 2 1T
&4 5B
(il K e 55 — T i)

IRHAE MR BRE D Sl =B & B & LT, PhliiR
T IR U T AERR W D ST BRERME N BRI R 7 JE 1 & Sy
FRNCHRE L7

INBTHIDS L, BiE ) Je#ESNEHLDL
6 1 HUARICTRE L7256k, 7 VNTEREROE, [k
MEREEESRIC B W THEHA RBERISETR Lz, B
ETE RO 2 fl%ER< 3HITIHEARIECBNTYH
RIS TRE T, ), 11 B AERGBL1HIT
X, PIHEARMEREREE SUS & ARSI TH 07228,
TN SIBETh - 7. Fiz, 45 7R
B L7t 1 G TRENKIED A TH 7%,

FEBEBRIKBEIC X 2RETIE, 441335 ~ 6 Aok
PBEREERR L, FD %% — 3RS v b0 F IR
LTW7ehs, 1HITIE 3 RDLEREBDOHTHD
Too E7z, R—ERNC B TIREABGTBYL % O B %
WL HITHERAR BN, KE O TEEHEIT RYLE 40
HATH#IZERD b T,

PIER MERERE R STk, SHicBs W TRIE% 1 » A

(13)

WAF TR BRI IR W ETLEMRIE Sh, S0 )5 2
BITIX6 R ITbloT M ah. b, 11 Hh AR
L7z 1 Bl To B AmizE LIRS, ThbofR
XY, FLHkO ERER 1L AURNICED LR, 6
~12 7 HORicHBRT 5 L Ex bR

A BRI T 2HikE, 3HIOIERTICLED S
A, oMB kML R0z hic TR
{, BWETH DT,

BABURIC & B B BRI Lic 5 fil3 < TIZER
bh, ZOMITIX4ES A ERBLTHWT, ZOME
DT NVREERIR, RERIEREEREO VT hiZB Y
THLEMRIEERERAWEFDEEL TN 5.

UEORERT Y, AEDREFHZENL, AR
ST VB 1 0 ARTRIC BT 3 LHESH B O
T, ZOBHICERYELS Y b LEET S REERKEL
—VEHBT BT LR, ARBICRHRNRIEER & RE
T3k, &biREERMEREERIRC X > THAAED
KEAREHPILI DT LR ENEELEX LR,





