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Abstract: The possibility of albino rats as the hosts of 3 species of the lung-flukes is
experimentally detected. Rats were each orally infected with 10 to 20 metacercariae of the
bisexual type of P. westermani, P. miyazakii and P. mexicanus and were necropsied 60 to 150
days after infection, All of the worms of P. westermani and a part of P. miyazakii (21%) and
P. mexicanus (74%) were found in the muscles of the rats. They were morphologically
similar to excysted metacercariae and contained many excretory granules in their bladder.
Worms of the youngest stage selected from them were fed to dogs and cat and 37.3-66.7%
of worms were recovered from the animals after 103-202 days. These worms were parasitic
within cysts in the lungs and most of them were fully mature. Thus, it was revealed that
the bisexual type of P. westermani, P. miyazakii and P. mexicanus also take the rat as their
paratenic hosts.

INTRODUCTION

It was revealed that the infection with the parthenogenetic type of P. westermani
was caused by ingesting not only its metacercariae parasitic in fresh-water crabs
and|or crayfish but immature worms living in muscles of the paratenic hosts (Miyazaki
and Habe, 1976; Habe, 1978). Especially, the Japanese wild boar, Sus scrofa leu-
comystax, was a very important natural paratenic host of human paragonimiasis
westermani in the southern part of Kyushu District (Miyazaki et al., 1978a; Tokudome
et al., 1977). Other species of Paragonimus, however, were not investigated on their
paratenic hosts, and the present study attempt to some species of Paragonimus on this
problem.

MATERIALS AND METHODS

The used species of Paragonimus in the present study were the bisexual type of
P. westermani (Kerbert, 1878), P. miyazakii Kamo et al., 1961 and P. mexicanus
Miyazaki and Ishii, 1968. The metacercariae of P. westermani obtained from a
potamonid crab, Geothelphusa dehaani, collected at Nishiki-mura, Akita Prefecture,
Japan. Those of P. miyazakii were obtained from G. dehaani collected at Rokuroshi,
Iwakuni city, Yamaguchi Prefecture, Japan, and of P. mexicanus;, from Pseudo-
thelphusa chilensis collected at Tabacal in the Condebamba Valley, Department of
Cajamaruca, Peru. From 10 to 20 metacercariae of those species were infected to
female albino rats of the wistar strain weighing about 200 g (Table 1). They were
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administered by oral infection to the experimental animals with water using an in-
Jection syringe with a slender vinyl tube. These rats were necropsied 60 to 150 days
after infection (Table 1). Their visceral organs and cavities were examined for
lung fluke infection and the worms were recovered. After being isolated from each
animal, the lung, liver and muscle of the whole body were cut into slices 3 to 4 mm
thick and kept in Ringer’s solution at 37-38 C. Worms came out of them spon-
taneously and were collected in the solution after 6 to 8 hours. The juvenile worms
recovered from the muscle of the rats were orally given to 3 dogs and a cat, which
are known to be favorable hosts of those fluke, and these animals were necropsied
103 to 202 days postinfection (Table 2). The worms recovered were fixed in 709,
alcohol, stained with carmine and mounted with permount. Morphological obser-
vations were made on these mounted specimens.

REesurTs

I. Developments and parasitic sites of Paragonimus in rat
The bisexual type of P. westermani

Five rats were each infected with 10 to 15 metacercariae and were necropsied
126 and 150 days after infection. All of the rats harbored 1-9 worms in the muscle.
All of the 25 worms removed from the muscle were immature and were morphologi-
cally same as the metacercariae. Occasionally a small stylet was still visible in
the oral sucker and excretory granules were seen in the bladder. No worms recovered
from other parts of all of the animals except the muscle and no abnormal sign was
found in their visceral organs.

P. miyazakii

Six rats were each infected with 20 metacercariae and were necropsied 100 days
after infection. A summary of observations is shown in Table 1. A total of 57 worms
(47.5%) was recovered and 20 of them were found from the cysts in the lung. Cysts
were also formed in the livers (Nos. 2, 3, 4 and 5) and 11 worms were recovered
from them and 2 worms were found to be migrating in the livers of both rats, Nos. 2
and 4. There was each one worm cyst in the renal adipose tissue and on the dia-
phragm and each contained 2 worms. Moreover, 6 worms ware found in the
cavities and hypoderm. From the muscle of these animals were recovered 12 worms.
Fifteen worms in all from capsules in the liver, kidney and diaphragm and 6 from
cysts in the lung and a worm from the pleural cavity were fully mature. Development
of the remaining 17 worms from the lung and pleural cavity and 5 worms in the
hypoderm, liver and abdominal cavity were fairly advanced, but were still young.
The 12 worms in the muscle of 4 rats (Nos. 3, 4, 5 and 6) and 1 worm in the liver
(No. 2) were very young and their morphology was similar to that of excysted meta-
cercariae.

P. mexicanus
Five rats were each infected with 10 metacercariae and were necropsied 60 days



Table 1 Distribution of worms of the bisexual type of P. westermani, P. miyazakii and
P. mexicanus in rats after infection with its metacercariae (Mc.)

No. of worms recovered from

No. of Days No. of
Lung fluke %ﬁt M iOf: wc;gns ab- leural cyst
* given fection covered muscle dominal pcavit in others
cavity Y lung
1 10 126 9 9% 0 0 0 0
2 10 126 8 8% 0 0 0 0
P. westermani 3 10 150 4 4% 0 0 0 0
4 10 150 3 3% 0 0 0 0
5 15 150 1 1* 0 0 0 0
N 55 25 25 (100%)
1 20 100 9 0 0 2 7 0
2 20 100 7 0 0 0 3 4 (1)*
P. mivazakii 3 20 100 6 2% 0 0 2 2
e ! 20 100 12 4* 0 1 0 7
5 20 100 13 5% 0 0 ‘2 6
6 20 100 10 1* 1 1 6 1
N 120 57 12 (21%) 1 4 20 20
1 10 60 6 6% 0 0 0 0
2 10 60 4 2% 0 0 2 0
P. mexicanus 3 10 60 5 5% 0 0 0 0
4 10 60 4 1* 2% 0 1 0
5 10 60 4 3* 0 0 1 0
N 50 23 17 (74%) 2 0 4 0

* The worms are similar morphology to excysted Mc..

after infection. All of the rats harbored 1 to 6 worms in the muscle. All of the
17 worms removed from the muscle and 2 worms from abdominal cavity (No. 4)
were very young and morphologically similar to excysted metacercariae. Occa-
sionally a stylet was still visible in the oral sucker and pink granules were observed
in the body parenchyma of the worms. One (Nos. I, 4 and 5) or 2 (No. 2) worm
cysts were found in the lung of these animals and they contained numerous eggs or
1 to 2 dead or almost dead worms.

II. Oral infection of dog and cat with juvenile flukes

The results of experimental infection of dog and cat with the different species
of juvenile flukes which were collected from rat in the muscle are summarized in
Table 2. Worm recovery rates of 2 dogs infected with P. westermani (bisexual type)
were 53.39%, (8/15) and 37.3%, (3/8) which were examined at 103 and 202 days after
infection, respectively. Ten worms from 5 worm cysts in the lungs were fully
mature. A worm from the pleural cavity was less developed and without eggs in
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the uterus. Worm recovery rate of a dog infected with P. miyazakii was 58.3%,
(7/12) when it was examined at 132 days postexposure. Six worms from 3 worm
cysts in the lung were fully mature but a worm from the pleural cavity was less
developed. Worm recovery rate of a cat infected with P. mexicanus was 66.79%,
(10/16) when it was examined 103 days postexposure. All of the 10 worms re-
covered from 5 worm cysts in the lung were fully mature. The prepatent period
was 36 days after infection in the cat.

Table 2 Experimental infection to dogs or cat with immature worms of the bisexual
type of P. westermani, P. miyazakii and P. mexicanus removed from rats

No. of worms No. of worms recovered from

Lung fluke ~ 1iost ~ Days of :
animal  infection recovered/fed (%) muscle pleural cyst in

cavity lung

. dog 103 8/15 (53.3) 0 0 8%

P. westermani

dog 202 3/8 (37.3) 0 1 2%

P. miyazakii dog 132 7/12 (58.3) 0 1 6%

P. mexicanus cat 103 10/16 (66.7) 0 0 10*

* mature worms.
Discussion

Paragonimiasis had been fairly prevalent in Japan but it is rare nowadays.
Norimatsu et al. (1975) found 136 persons of pulmonary paragonimiasis, who were
positive for the eggs of the parthenogenetic type of P. westermani, in Aira-gun, Kago-
shima Prefecture. Most of the patients, however, did not eat fresh-water crabs and,
moreover, the crabs distributed there (Eriocheir japonicus and Geothelphusa dehaani)
were mostly negative for metacercariae of the lung fluke. They ate sliced raw
flesh of wild boars. Miyazaki and Habe (1976) and Habe (1978) revealed by
experiments that the lung fluke did not mature in the wild boar. Almost all worms
were recovered from its muscle and were immature at 123 and 213 days post-
infection. Most of these immature worms completely matured 64 and 80 days after
feeding to dogs. These results suggested that the wild boar could be a new sourse
of human infection with the lung fluke. This conclusion was supported by the
results of an epidemiological study (Tokudome et al., 1977). Miyazaki et al. (1978a)
examined muscles of 3 wild boars captured in the endemic area and found immature
P. westermani (parthenogenetic type) from 2 of them. It has been clear by exper-
iments that the wild boar, pig, rat, mouse, hamster, guinea pig, rabbit, hen (Habe,
1978) and monkey (Miyazaki et al., 1978b; Habe, 1982) could play a role as the
paratenic host of this fluke. It has become clear also that the bisexual type of
P. westermani, P. miyazakii and P. mexicanus take the rat as a paratenic host as the
parthenogenetic type of P. westermani and sometimes the rat serves as the final host of
P. mexicanus in the present studies. Such juvenile worm of P. westermani (bisexual
type) as collected from the muscle of the rat in the present experiments was already
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found from mouse, hamster, monkey, pig (Shibahara, 1981) and guinea pig (Habe,
unpublished). The juvenile worm of P. miyazakii was collected from mouse (Yoshida,
1970), rabbit, hamster and guinea pig (Habe, 1979). Consequently, these species
of Paragonimus have many paratenic hosts and this mode of infection may commonly
take place among animals in nature. Man can be infected with some species of
Paragonimus other than the parthenogenetic type of P. westermani by eating raw or
undercooked meat of mammals which would serve as their paratenic hosts.
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ENZYME HISTOCHEMISTRY OF BRUGIA PAHANGI

1. Localization of Acid Phosphatase Activity in Developing Larvae in
Mosquito (Aedes aegypti)

Eisaku KiMURA, Yasuo NakajiMal AND YOSHIKI AOKI
Received for publication October 15 1982

Abstract: Histochemical localization of acid phosphatase was reported on the
microfilariae isolated from the peripheral blood of the dog and their developing larvae in
mosquitoes in comparison with the localization in those from the jird’s peritoneal cavity
and their larvae. Whole body of microfilariae stained red with dark red excretory vesicle
and anal vesicle. The sheaths were negative in those from the dog, while positive in most
microfilariae from the jird. During the first two days after the intake unstained larvae
were frequently found in the mosquitoes fed jird microfilariae in contrast to those fed on
the dog. From the third day on, positive developing intestine was observed. After the
first molt the esophagus appeared as a red double line. On the 7th day strong activity
was found at the esophagus, intestine, developing anus and amphids, while the nerve
ring was negative. Positive reaction was detected at the hypodermis and anus of infec-
tive larvae.

INTRODUCTION

A considerable amount of research has been reported on the acid phosphatase
activity in parasitic helminths. The enzyme is supposed to play an important role
in the absorption of nutrients and excretion of metabolites by the parasites. Reports
that two species of microfilariae which could hardly be differentiated from each other
by the morphological characteristics (Aoki et al., 1976) were easily classified by the
different localization of acid phosphatase (Chalifoux and Hunt, 1971; Redington
et al., 1975) gave a new light on this enzyme from a stand point of taxonomic impor-
tance.

When the infective larvae of Brugia pahangi were inoculated into the peritoneal
cavity of the jird (Meriones unguiculatus), adults and microfilariae were recovered from
the peritoneal cavity (McCall et al., 1973). The adults and microfilariae localized
in the peritoneal cavity seem to follow an aberrant mode of development, although
the microfilariae from the peritoneal cavity have been proved to reach stage III
(i.e. infective stage) in mosquitoes as those from the peripheral blood of the dog which
is a normal host of B. pahangi (Chuang et al., 1979).

In this paper, a report is made on the localization of acid phosphatase in the
developing stages of B. pahangi from the microfilariae in the canine peripheral blood

Department of Parasitology, Institute for Tropical Medicine, Nagasaki University. 1. Present
address: Department of Parasitology, Yamanashi Medical College.
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to the infective larvae in mosquitoes. Also described is the localization of the same
enzyme in B. pahangi microfilariae produced in the peritoneal cavity of the jird and
their developing larval stages in mosquitoes in comparison with those from the dog.

MATERIALS AND METHODS

"The microfilariae from the canine peripheral blood and those from the peritoneal
cavity of the jird were smeared on coverslips. The mosquitoes used were Liverpool
strain of Aedes aegypti maintained in our laboratory. A group of mosquitoes were
fed on the infected dog with B. pahangi microfilaremia for about 15 minutes. Another
group of mosquitoes were fed on the artificial feeding apparatus in which microfilariae
from the peritoneal cavity of the jird were suspended in Dulbecco’s phosphate-buffured
saline without calcium or magnesium added with adenosine 5’triphosphate, 10-3 M
(Chuang et al., 1979). The mosquitoes from each group were then dissected in a
drop of physiological saline on cover slips 2 hours and every 24 hours after the infect-
ing feed. The preparations were then air-dried and stored at —20 C until the use.
The stored preparations were used within 2 weeks with no recognizable decrease of
the enzyme activity. Frozen sections of thoracic muscles of infected mosquitoes were
made on 7th, 9th and 11th day after the infecting feed.

For the demonstration of acid phosphatase activity, the technique of Barka was
used following the description by Chalifoux and Hunt (1971), in which naphthol
AS-BI phosphate was a substrate and pararosanilin was a capturing agent. The
pH of incubation medium was adjusted to 5.0. The time of incubation was from 60
to 90 minutes at 37 C. Localization of acid phosphatase was recognized as red to
dark red precipitations of azo dye, depending on the strength of the reaction. Stained
frozen sections were mounted according to the method of Wharton (1957).

Some preparations were processed without the substrate as a control. Sodium
fluoride, 10-2M was also used as a specific inhibitor of the enzyme.

REsuLTs

I. Direct Feeding on the Infected Dog

The whole body of microfilaria in the peripheral blood was stained red with
two distinct dark red spots, excretory vesicle and anal vesicle (Figure 1). The inner
body showed slightly weaker reaction in most of the microfilariae. With a few ex-
ceptions, microfilarial sheaths were negative for acid phosphatase. Occasionally
the enzyme activity was recognized at the regions of amphids and phasmids.

Two hours after feeding, in the stomach of the mosquito, microfilariae showed
the same staining pattern as in the peripheral blood.

Exsheathed first stage larvae were becoming shorter and thicker in the thoracic
muscles of the mosquito 24 hours after feeding. The red excretory vesicle and anal
vesicle were clearly seen in a light red tint of the larval body surface (Figure 2). On
the second day, the strongest red reaction was found at the anal vesicle (Figure 3).
In the light pink color of larval surface, the excretory vesicle became indistinguishable



Figure | The microfilaria from dog peripheral blood stained red with dark red excretory vesicle and
anal vesicle. Note the negative sheath.

Figure 2 Body surface of exsheathed Ist stage larva stained light red. Excretory and anal vesicles
showed strong reaction.

Figure 3 Reaction of anal vesicle became stronger while that of excretory vesicle decreased on 2nd
day. '

Figure 4 Anal vesicle stained deep red, while excretory vesicle was indistinct in 3rd day larva.
Note the positive developing intestine.

Figﬁre: 5 The positive intestine reached anal vesicle after 1st molt. Note the weak reaction at
buccal cavity and esophagus.

Figure 6 Vague red staining was sometimes found at excretory vesicle on 4th and 5th day.

in about 409, of the larvae.
The larva became shortest on the third day with increasing redness on the body
surface, The anal vesicle was prominent with strong red color, but the excretory
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vesicle was indistinct. Around at this time a dark red linear spot, which must be a
developing intestine, first appeared in the region formerly occupied by the inner body
and gradually grew backward to the anal vesicle (Figure 4).

During the 4th and the 5th day of development, when the first molt occurred,
the red intestine reached the anal vesicle. Buccal cavity began to show weak activity
of acid phosphatase and then esophagus appeared as a light red double line (Figure
3). In this stage, a vague red dot was found at the place of excretory vesicle in some
larvae (Figure 6).

After the sixth day, when all larvae might be in the second stage, a daily rapid
growth in larval size with strong phosphatase activity on the body surface began to
disturb close observation of the internal structures in most of whole body preparations
(Figures 7, 8).

Frozen sections of the 7th and 9th day larvae showed strong enzyme activity
in the esophagus, intestinal cells and developing anus (Figure 9). The amphids were
clearly positive (Figure 10), but nerve ring was negative. We failed to find the
phasmids in the sections.

At the 10th day, whole body of third stage larva was deep red and the internal
structures eluded observation, but ano-rectal area was still prominent with a strong
enzyme activity, especially at the anterior wall of the rectum (Figure 11).

A mature infective larva (11 day old) had an open anus and whole body was
evenly stained in deep red in whole body preparation. Frozen section of this stage
showed positive enzyme reaction at main bulky parts of hypodermis which constitute
lateral, dorsal and ventral cords, and very week reaction in muscle tissues (Figure 12).
Cuticle seemed to be negative, although it was not easy to distinguish cuticle and its
underlying hypodermis under light-microscopical examination.

ITI.  Artificial Feeding of Microfilariae from Peritoneal Cavity

The microfilariae from the peritoneal cavity of the jird were stained more clearly
than those in the peripheral blood of the dog. The whole body except the inner body
was pure red and the two vesicles were distinguished as dark red dots. Interestingly,
most microfilarial sheaths (about 809,) were stained to variable extent from thin
pink to strong red. Occasionally red small granules and/or red amorphous masses
were observed in the space between the microfilaria and its sheath (Figure 13).

‘Acid phosphatase staining of the filarial larvae during the first two days after
the infecting feed with artificial apparatus was unstable. Some larvae were stained
fairly well but others were negative or poorly stained even at excretory. and anal
vesicles. After the second day, however, the enzyme activity of the larvae was found
to be almost the same as in the direct feeding on the dog.

Control slides without substrate were all negative. Sodium fluoride (10-2 M)
inhibited the reaction completely except a deep interior portion of anal region of third
stage larva in whole body preparations. Most probably it resulted from a cuticular
barrier against the penetration of the inhibitor.
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Figure 7
Figure 8
Figure 9

Figure 10
Figure 11

Figure 12

Figure 13

The positive esophagus and intestine were still visible in early 2nd stage larva.

Internal structures except developing anus became invisible due to strong activity of
body surface accompanied with rapid growth of 2nd stage larva in the whole body
preparation.

Note the strong reaction at amphids, esophagus and intestinal cells in frozen section
of 7th day larva.

Note the strongly positive amphids in frozen section of 9th day larva.

Deep red stained whole body preparation of 10th day larva prevented observation of
internal structures except strongly reacted ano-rectal area.

Note the positive reaction at intestinal cells as well as lateral, ventral and dorsal cords
in the cross section of infective larva.

The microfilaria from jird peritoneal cavity stained well except the inner body. Note
the positive granules in the space between the positive sheath and the body.
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Discussion

Many studies have been reported on the distribution of phosphatases and the
functional significance in parasitic helminths. In earlier days, Rogers (1947) found
alkaline phosphatase activity at intestinal cells of Ascaris lumbricoides and at cuticle of
Moniezia expansa, and supposed that the enzyme might have relationship with carbo-
hydrate absorption by the parasites. Erasmus (1957) showed the existence of both
acid and alkaline phosphatases in Taenia pisiformis and related the enzymatic function
to an active transport of materials. Robinson (1961) studied alkaline phosphatase
of Schistosoma mansoni and speculated the possibility of carbohydrate absorption through
cuticle. More recently, Parshad et al. (1977) showed the activities of phosphatases
in excretory system of several different kinds of parasites. Stood et al. (1977) recog-
nized acid phosphatase activity in the cuticle and hypodermis of Haemonchus contortus
and considered that these are metabolically active sites. Maki and Yanagisawa
(1979a) studied Angiosirongylus cantonensis electronmicroscopically and showed extra-
lysosomal acid phosphatase which may suggest the transport of substances through the
cuticle. Although there are few reports which show clearly the definite function of
acid phosphatase in parasites, it is widely accepted that the enzyme plays an important
role in absorbing or excreting substances through the mechanism of active transport.
From this view, the excretory and anal vesicles must be main places of metabolism
in B. pahangi microfilaria and the presence of acid phosphatase activity on the filarial
body surface may suggest a transport of substance through the cuticle, although we
could not clearly define the localization of the enzyme among the surface structures.
Interestingly, Redington et al. (1975) reported that the body surface of B. malayi
showed negative reaction for the enzyme.

In the early first stage, anal vesicle seems to be the most active place of metabo-
lism, whereas the enzyme activity of excretory vesicle and body surface decreased
rapidly. In the late first stage, partial development of buccal cavity, esophagus and
intestine is observed (Laurence and Simpson, 1971), which will be followed by func-
tional maturation on the 6th and the 7th day, although it may not be complete at
this time. This is partially supported by the present findings and our observation
that acetylcholinesterase activity appears in glandular region of esophagus from the
6th day of development (in preparation), and also by some electronmicroscopical
studies by Buckett ¢t al. (1970) and Tongu et al. (1978), who showed mitochondria of
mosquito host in the larval intestine of B. pahangi on the 6th and 7th day, respectively.

In the third stage larvae, the esophago-intestinal system is the positive structure
of the enzyme as in the earlier stages, indicating its absorptive function. Functional
importance of enzyme activity in hypodermal cells has been discussed by many
authors. It may work for transport of substance through the cuticle or production
and maintenance of the cuticle (Dusanic, 1959; Sood, 1977). Recently Maki and
Yanagisawa (1979b, 1980a, b, c) reported that gastro-intestinal nematodes showed
high enzymic activity in the intestine and low in the body wall, and that tissue nema-
todes including filarial worms showed high activity in the body wall. They speculated
that the body wall of tissue nematodes may play a role comparable to that of the
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intestine of the gastro-intestinal nematodes.

Microfilariae from the peritoneal cavity of Mongolian jird showed a character-
istic staining pattern of the phosphatase. It is very interesting that most of the filarial
sheaths were stained to variable extent from pink to deep red, making a clear contrast
to microfilariae from the peripheral blood of the dog. Acid phosphatase was also
found in the space between the microfilaria and its sheath in a shape of small granules
and/or amorphous masses. Omar (1977) studied the localization of acid phosphatase
activity in the larval stages of B. pahangi in Aedes togoi and stressed the positive reaction
of the enzyme in microfilarial sheath. But Redington et al. (1975) did not mention
the acid phosphatase activity in the sheath of B. pahangi, in spite of the same technique
as of Omar. Our present results made these conflicting reports more complicating,
although the substrate used in our study was different from those of Redington and
Omar. Our suggestion is that environmental factors may influence the metabolism
of parasites and change the distribution or intensity of enzyme activity even in the
same species. Moore and Halton (1976) reported a pronounced change in acid phos-
phatase distribution and its isozyme pattern between starved and nourished Fasciola
hepatica. Edwards ef al. (1971) and Pavlov et al. (1975) also reported the influence of
host immunity on the parasitic acid phosphatase. At the same time, we have to keep
in mind a fact that microfilariae in the peritoneal cavity are a mixture of young and
old microfilariae (Chuang et al., 1979). Aging, if any, may cause changes in staining
pattern of the enzyme. In case of artificial feeding, many larvae were stained poorly
during the first two days after feeding. The finding may also be related to the fact
that the artificial feeding produces less infective larvae than the direct feeding (Chuang
et al., 1979).

Omar (1977) observed acid phosphatase activity at the phasmids and the nerve
ring of B. pahangi larvae on the 6th and 7th day. Alkaline phosphatase was also found
to be positive in the nerve ganglion of Fasciola hepatica (Humiczewska, 1975) and the
nerve cord of Ligula intestinalis (Arme, 1966). However, we could not detect any
positive reaction at the nerve ring, although the amphids and phasmids were positive
in microfilarial stage and amphids were stained red on the 7th and 9th day larvae.
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Abstract: The blood and spleen examination for malaria was carried out in six
villages (Desa) of Asahan district (Kabupaten), North Sumatra from February 1980 to
March 1981, In general, parasite rate proved to be low (average 2.0%,) in this area and
both species of Plasmodium vivax and P. falciparum were detected. Besides this, interesting
aspects of malaria endemic in this area were revealed. First, positive cases were found
only in four villages bordering the sea, and, again, malaria endemic area was restricted to
a few subvillages (Lorong) close to the coast in each village. Secondly the regular survey
perfomed in Lorong I and II of Desa Perupuk, one of six villages, at intervals of a month
showed that the active transmission of malaria took place during the dry season from
January to July but the transmission became inactive during rainy season from August to
December. The role of Anopheles sundaicus, which was determined as a main vector, in the
limitation of endemic area and in the seasonal fluctuation of transmission was discussed.

INTRODUCTION

Since 1977, the malaria epidemiological studies have been conducted in Asahan
district of the North Sumatra Province as one of the main activities in “The project
for the promotion of health in North Sumatra”, the international cooperation
program between the republic of Indonesia and Japan.

The present survey was undertaken from February 1980 to March 1981 at three
Kecamatan (subdistricts) in Kabupaten (district) Asahan to determine the current
status and the epidemiological character of malaria. The entomological survey
was also carried out by K. Tanaka and T. Ikemoto at the same place and the same
time.

DescripTiION OF AREA

Six villages in three Kecamatan of Kabupaten Asahan were selected for the
survey (Fig. 1). They are situated on a plain and approximately 200 km southeast
of Medan, the capital of North Sumatra, and the population of each village varies
from 2,000 to 6,000. Four villages border the Straits of Malacca and two villages
are 5 to 15 km far from the coast. Inhabitants of the former engage in fishing and

. * Department of Protozoology, Research Institute for Microbial Diseases, Osaka University,
Yamadaoka, Suita, Osaka 565, Japan

** Communicable Disease Control, Provincial Health Service of North Sumatra, Jalan Prof., H. M.
Yamin SH, Medan, Indonesia
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Figure 1 Map of six villages for the survey in Kabupaten Asahan, North Sumatra
Province and results of blood examination for malaria parasite..

rice farming and inhabitants of the latter engage in rice farming. Rainfall patterns
take maximum precipitation from September to November and minimum in January
or February.

MATERIALS AND METHODS

I. General survey

1) Blood specimens were obtained from finger tips of children aged 0 to 7 years.
Thick and thin smears were made onto respective microscope slides and dried in the
air. Thick smears were hemolyzed in distilled water after six hours drying and
stained with Giemsa on the next day. Thin smears were fixed in methanol and
stained with Giemsa on the next day.

2) Spleen palpation was applied to the same samples. When the number of
samples was not enough, it was extended to children aged 8 to 10 years.

II. Regular survey

At the Lorong (subvillage) I and II in Desa (village) Perupuk, one of six
villages where higher parasite rate was discovered in the preliminary survey, the
regular blood examination of children aged 0 to 7 years was carried out at intervals
of one month from June 1980 to March 1981. Furthermore, parasite rate in other
Lorong was examined at a proper time.
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REsuLTs

The results of blood and spleen examination in six villages were shown on
Table 1 and Fig. 1. Parasite positive cases of malaria were found in four villages,
namely Desa Perupuk, Desa Guntung, Desa Medang and Desa Sei Buah Keras,
all of which were located along the coast, but no case was found in other two villages,
Desa Limau Sundai and Desa Tanjung Muda which were located apart from the
coast. Plasmodium vivax and P. falciparum were detected in three villages and only
P. vivax was found in one village. Spleen rate also showed high in Desa Perupuk
and Desa Guntung, where higher parasite rate was shown. The distribution of
positive cases in Desa Medang and Desa Guntung were shown on Fig. 2 and Fig. 3,
respectively. All positive cases of malaria parasites and spleen palpation were found
only at the Lorong VIII facing the sea in Desa Medang, and mostly at the Lorong 11
also close to the sea in Desa Guntung. Comparative studies of parasite rate by Lorong
in Desa Perupuk clearly showed the relation between malaria prevalence and distance
from the sea (Fig. 4, Table 2). As the inhabitants mainly live along the main road,
the distance from the sea to each Lorong is approximately indicated by the distance
from the sea to the main road passing there. High malaria prevalence was found in
Lorong I, II, III, IV, and V, low in Lorong VII and X and none in Lorong IX,
XI and XII. Monthly fluctuation of parasite rate at the Lorong I and II showed
that parasite rate rapidly increased from June and reached to a peak in August,
and thereafter sharply declined until January (Fig. 5). The decline from August
was more predominant in P. falciparum than in P. vivax. All the positive cases were
ranged on a graph by their density of parasitemia and by the month when they were
examined (Fig. 6) to differenciate new infections (acute cases) from old ones (chronic
cases), based on the idea that new infection generally showed higher parasitemia

Figure 2 Map of Desa Medang and distribution of malaria positive cases. All
positive cases were found in Lorong VIII facing the sea. NP: number
of positive cases,  NE: number of samples examined, PR: parasite
rate, SR: spleen rate, L: Lorong.



.

v
~.,
~. /
et

Figure 3 Map of Desa Guntung and distribution of malaria positive
cases. Most of positive cases were found in Lorong II close
to the coast. NP: number of positive cases, NE: number
of samples examined, PR: parasite rate, L: Lorong.
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Figure 4 Map of Desa Perupuk. Comparison of parasite rate by Lorong. High
parasite rate was found in some Lorong near the coast but none or low
parasite rate was found in Lorong apart from the sea. L: Lorong

than old one. New infections were dominant from June to August while old infec-
tions were dominant from September to January. Again, new infections started

increase from February.
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Table 1 The results of blood and spleen examination in six villages of Asahan district
from February 1980 to November 1980

No. examined P, vivax  P. falciparum  Parasite Rate  Spleen Rate

oo N tarch) 217 13 2 7.0% 5.1%
Ctonct Apr) 112 3 1 3.6% 10.7%
N ) 181 2 0 1.1% 2.89%
TR w0 0 e
L(iISne?)li) Sundai | 184 0 0 0% 09,
S&E“,‘)“ Keras 279 2 1 1.19 0.49
G(‘g‘ctt‘;ng 370 2 5 1.9% —
Total 1,552 22 9 2.0% —

Table 2 Comparison of parasite rate by Lorong and by month in Desa Perupuk from
February 1980 to March 1981

Lorong Number

I m I IV vV VI VII IX X XI XII
Feb-Mar  5/19 1/43 6/36 0/15 2/67 . 0/28
(26.3) (2.3) (16.7) ©) (3.0) (0)

June  12/81  7/61
(14.8)  (11.4)

July 9/64  13/49
(14.1)  (26.9)
Aug 9/24 7/31
(37.5) (22.4)
Sept 11/43  12/57 5/63 14/35
©(25.6) (2L.1) (7.9) (40.0)
Oct 8/44  11/62 6/27 1/52
(18.2) (17.7) (22.2) (1.9)
Nov 6/55  10/53 : 0/60
(10.9) (18.9) (0)
Dec 5/35 2/42 12/58 0/73
(14.3)  (4.8) (20.7) (0)
Jan 0/3¢  6/59 0/84
(0) (10.2) (0)
Feb 4/47 8/49
(8.5) (16.3)
Mar 3/48 3/39 3/32 0/27
6.3 (7.7) (9.4) (0)

Each fraction shows number of positive cases/number of examined samples. A number in a
parenthesis. shows parasite rate (%). ’
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DiscussioN

Recently, the malaria control project was begun in Asahan district, North Suma-
tra by Indonesian Government, therefore the epidemiological condition of malaria
in this area is clarified gradually. Up to date, some reports on malaria in the Suma-
tra island showed the absence of malaria in Bireuen and Takengon, Aceh Province
(Stafford et al., 1976), and very low malaria parasite rate in West Sumatra (19%,) and
in South Sumatra (2%, (Carney ef al., 1974, 1975). From these data, malaria
endemic was expected to be low in Asahan district, North Sumatra, and our results
confirmed this expectation in general. Besides this, some epidemiological char-
acteristics became clear. First, the malaria endemic area proved to be distributed
patchily along the coast and to be smaller than a village in extent. Tanaka and
Ikemoto carried out the entomological survey in the same area and pointed out
that Anopheles sundaicus, a suspected primary vector, was dominant among the man-
biting anopheline mosquitoes in four villages where malaria positive cases were
found while 4. sundaicus was not discovered in two villages where no malaria cases
were found. Furthermore, Ikemoto (1982) performed the comparative study of
man-hour density of 4. sundaicus by Lorong in Desa Perupuk. His result was well
corresponding to our result of parasite rate by Lorong (Fig. 4). Accordingly we
concluded that malaria endemic in the survey area was restricted to the narrow
region close to the sea where A. sundaicus was able to breed. Secondly the malaria
transmission proved to have seasonal fluctuation. It is known that the incubation
period in human varies from 6 to 25 days for P. falciparum and from 8 to 27 days
for P. vivax and that the extrinsic phase of P. falciparum requires 11 days and that of
P. vivax, 8 days at temperature above 28 C. Considering these periods, the present
parasite rate is thought to be the reflection of the malaria transmission around a
month before. The parasite rate increased rapidly and new infections were dominant
from June to August, whereas the parasite rate declined sharply and new infections
were rare from September to January (Figs. 5, 6). New infections again appeared
from February. These results meant that the active malaria transmission  took
place from May to July but declined from August. During the rainy season from
August to December, the malaria transmission probably ceased but it recovered from
January, the beginning of dry season, and became active thereafter; that was con-
firmed by the raised parasite rate in following April and May (Amano, unpublished
data). The more rapid decline of parasite rate in P. falciparum than that in P. vivax
is caused by its shorter clinical course. The seasonal fluctuation of parasite rate
was also corresponding to the seasonal fluctuation of the density and longevity of
A. sundaicus with nearly one month delay.
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Abstract: The present work was designed to assess the relationship between the
hourly 0. volvulus microfilarial density (mfd) in patient’s skin and the hourly microfilarial
intake by S. ochraceum. From two experiments employing 14 patients, it is suggested that
there may be a little elevation of mfd during the period from evening through mid-night,
but not pronounced. The microfilarial intake by the fly revealed two peaks, one in the
morning and the other in the afternoon. Thus, the pattern of microfilarial intake did not
correlate with the present diurnal pattern of mfd. The hourly intake was briefly discussed
in relation to the biting activity and the parous rates of S. ochraceum. This report is the
first case dealing with the hourly microfilarial intake by the black fly. Further such in-
formation would be required for a better understanding of the transmission mechanism of
onchocerciasis in given endemic areas.

INTRODUCTION

The relationship between the microfilarial density in patient’s skin and the hourly
intake of Onchocerca volvulus microfilariae by Simulium ochraceum seems to have par-
ticular importance in the transmission of onchocerciasis in endemic areas. Recently,
Campbell et al. (1980) working with Guatemalan onchocerciasis, stated that a
nearly linear relationship was found between the mean skin mfd and the mean
microfilarial uptake by S. ochraceum performing examination in the morning hours.
Hitherto, there have been many works on the dermal microfilarial density (mfd) of
onchocerciasis patients in connection with the biting activity of the vector, black
fly, in endemic areas of the disease. In examinations at various times of the day,
correlations between the peak mfd and biting activities of the vectors have been found
in some geographical regions (Wegesa, 1966; Duke ef al., 1967; Lartigue, 1967;
Thomas et al., 1973; Duke & Moore, 1974; Anderson et al., 1975). However, Picq
and Jardel (1973), and Tada and Figueroa (1974) observed no diurnal periodicity in
the mfd of O. volvulus in endemic areas of West Africa and Guatemala, respectively.

1 Department of Parasitology, Kochi Medical School, Nankoku City, Kochi 781-51, Japan.
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Thus, the information on the diurnal periodicity of O. volvulus microfilariae in
patient’s skin still remains uncertain. In the light of transmission of the disease,
however, it would be important to examine the intake of microfilariae by the vector,
at various times of the day. Nevertheless, so far, little such an examination has
been carried out. The microfilariae of O. voloulus may be attracted by the vector,
black fly, when the flies are engorging on infected subjects (WHO, 1976; Hashi-
guchi et al., 198la); the number of microfilariae ingested may be very high in
comparison with the densities observed in the human skin. It is assumed that the
attracting condition, if any, may be influenced by times of the day in the given
endemic area of onchocerciasis, since the black flies have a diurnal periodicity in
their biting activity having two distinct peaks, one in the early morning and the other
in the early afternoon (Collins et al., 1981).

The present paper deals with hourly densities of the microfilariae in Guatemalan
onchocerciasis patient’s skin and hourly intake of O. volvulus microfilariae by .
ochraceum.

MATERIALS AND METHODS

The study area

The study was carried out from June 1978 through March 1979 in the following
three coffee plantations with relatively high endemicity; Finca Santa Monica Ivone
(Department of Suchitepequez), Finca San Rafael Sumatan and Finca Nimaya
(Department of Chimaltenango) in Guatemala. They are located in the moun-
tainous region 700 m to 800 m above sea level on the Pacific slopes of the Sierra Madre.

Skin biopsies on the subjects

Aiming at the assessment of microfilarial density in patient’s skin, the skin
biopsy was made at intervals of two to four hours, examining a total of 14 volunteers
in the two study areas (Finca San Rafael Sumatan and Finca Nimaya). During night
examinations, all the volunteers were permitted to sleep on bed, except the biopsy
time. A Holth type sclerocorneal punch was used for the biopsy. Skin samples
were taken from the left scapular region of the subjects approximately 0.5 cm away
from the previous ones. The snips were incubated at 30 C in 0.859% NaCl for two
hours and the numbers of microfilariac emerged were counted under a compound
microscope at 40 X magnification. The microfilarial density was expressed as the
number per mm? of patient’s skin.

Black fly collections

All the fly catches were made on the three infected adult male volunteers who
wore the shirts with a 10 10 cm grid at the back near the left scapula. The ob-
Jective of the grid was to restrict the exposed skin for fly biting. In the three
volunteers two skin snips each were taken from the exposed area; the mean rates
obtained were used as mfd of the volunteers. The fly catches were performed from
0600 to 1800 of one day with hourly interval in Finca Santa Monica Ivone. All the
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flies were capturéd after satiation with infected blood meal and then fixed immediately
with 109, formalin and kept in the solution until dissection.

Dissection of flies

Since the migration of ingested microfilariae from stomach into other organs
were prevented by above procedure, only abdominal parts of the fly were examined
for the larvae. As the fixed flies with formalin had a coagulated blood meal in their
stomach, they were treated in the laboratory as follows. The flies were washed
with running water for two hours, incubated at 37 C in 0.59, KOH solution for 40
hours and then preserved in glycerin until examination. The abdominal region
of flies was separated with insect needles under dissecting microscope, and then
gently crushed with a slender teflon bar in a glass test tube with a drop of 0.85%
NaCl solution. Care was taken to avoid any damage on the microfilariae. The
materials were centrifuged at 1,000 rpm for 5 minutes; the supernatant was discarded,
and Loffler’s methylene blue solution was added to the sediments for the purpose of
staining the microfilariae. All the samples were mounted on a slide with a cover-
slip. They were then examined under the microscope with 100X or 400X
magnification. Since many microfilariae were destroyed by the cibarial armature
of the fly during ingestion, the typical tail parts of the microfilariae were marked and
counted, eliminating other fragments of the larvae. The microfilariae with only a
small cut (less than about 10 ym) on the tail parts were counted as normal; thus very
small fragments of the tail were also eliminated. The status of destruction in the
present microfilariae ingested was similar to that found in our previous study in which
the examination was carried out immediately after fly collections (Hashiguchi ef al.,
1981b).

RESULTS

Microfilarial densities in the patient’s skin

In order to assess the diurnal patterns of the skin density of O. volvulus micro-

Table 1 Microfilarial density in patient’s skin, expressed as percentage per total mfd,
in an endemic area, Finca San Rafael Sumatan, in Guatemala

% mifd in each subject

Times Av. (%) +s. d.  Gm**
No. 1 (59.6*) No. 2 (180.4) No. 3 (94.8) No. 4 (20.8)

0900 13.1 9.9 7.2 6.7 9.2411.1 6.0
1200 24.2 12.0 7.3 2.9 11.64+12.2 6.0
1500 5.2 17.6 6.8 20.7 12.64-12.9 7.2
1800 10.6 22.1 7.0 9.6 12.3+13.1 7.6
2100 8.6 16.5 15.0 14.9 13.84-14.2 9.0
2400 19.1 5.5 19.1 9.6 13.3413.5 8.0
0400 11.7 10.1 12.8 26.9 1544 7.8 9.7
0600 7.6 6.3 25.0 8.7 11.9+ 8.8 6.8

* Total mfd/mm?/day, ** Geometric mean,
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Figure 1 Microfilarial density of O. volvulus in 10 Guatemalan patient’s skin, expressed as per-

centage per total mfd per day, in Finca Nimaya, Guatemala. @ mean 9% mfd; O
triple-running average of mean % mfd.



29

filariae, quantitative skin biopsies were done at two endemic areas. In the first ex-
periment, the biopsy was performed on four volunteers at intervals of two to four
hours throughout the day, but the mfd varied with time and no clear-cut diurnal
periodicity was recognized (Table 1). Table 2 and Fig. 1 give the results of second
experiment by skin biopsies on 10 volunteers at the intervals of two hours in another
endemic area. In this case, the mfds tended to show a higher rate during the period
from evening to mid-night, 1700-0100 (Fig. 1), though individual subjects revealed
a considerable fluctuation by the time of day in their mfds (Table 2). From the
present two experiments, therefore, it is suggested that the mfds in Guatemalan
onchocerciasis patient’s skin may have a slight elevation from evening through mid-
night, but not pronounced.

Table 2 Microfilarial density in patient’s skin, expressed as percentage per total mfd,
in an endemic area, Finca Nimaya, in Guatemala

% mfd in each subject

Times No.l No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No. 10 Av. (%) Gm**
+s. d.

(37.5%) (29.8) (23.4) (87.8) (66.2) (9.2) (155.1) (101.1) (40.9) (108.0)

0900 8.8 20 1.7 82 79 64 0.3 1.4 6.6 8.1 b51+£ 34 1.8
1100 5.6 03 56 6.2 1.8 0.0 0.3 84 0.5 00 29+ 32 0.7
1300 16.3 1.3 338 23 06 3.2 3.2 3.2 7.3 6.1 7.7+102 2.2
1500 1.6 1.0 11.1 31 6.2 43 5.0 6.0 0.5 9.7 49+ 36 18
1700 149 121 0.0 13.2 222 149 470 17.7 8.8 139 16.5+122 5.7
1900 17.1 164 38 16,6 231 2.1 5.4 8.7 54 12,7 11.1£ 7.0 4.6
2100 72 131 115 50 00 96 172 10.9 6.1 172 9.8+ 54 3.3
2300 10.7 275 47 33 11.3 149 0.1 12.8 244 38 1144 91 33
0100 5.9 40 107 138 11.0 26.6 43 . 148 252 6.6 123+ 8.1 5.1
0300 53 111 0.0 16,5 13.7 16.0 0.9 7.4 44 142 9.0&£ 62 29
0500 4.0 94 08 23 .1 0.0 6.0 76 10.8 0.7 434+ 39 14
0700 2.7 .7 162 96 L1 21 104 1.1 0.0 69 52+ 54 1.5

* Total mfd/mm?/day, ** Geometric mean.

Hourly microfilarial intake by S. ochraceum

Table 3 and Fig. 2 show the hourly microfilarial intake by the fly, S. ochraceum,
which fed each microfilaria carrier. A total of 360 flies, 132 from No. 1, 73 from
No. 2 and 155 from No. 3 volunteers, were examined for the microfilariae, performing
a mass dissection of three to six flies per batch. The total mean numbers of micro-
filariae per fly in each human bait, thus obtained, was 94.5 in No. 1, 20.4 in No. 2
and 42.6 in No. 3 throughout the day. The hourly intake of microfilariae by S.
ochraceum had two peaks, one in the early morning, 0700-1000 and the other in the
mid- or late afternoon, 1400-1600. To know the variation of microfilarial numbers
ingested by a fly, a part of the samples collected from each patient during the morning
hours (0700-0800) was dissected individually. The mean number of microfilariae
per fly was 15.1413.11 (n=15) in No. ! (10.1 mfd), 3.5+7.43 (n=12) in No. 2
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Table 3 0. volvulus microfilarial intake by S. ochraceum, expressed as percentage per total mean
recovery of microfilariae from flies in each volunteer, at various times of the day

Volunteer No. and (mfd/mm?/skin*)

Times  No. 1 (10.1 mfd) No. 2 (13.9 mfd) No. 3 (11.7 mfd) Av.s("{,l,) +
o %ml gy %mt LR omf
0600 — — 3 8.3 9 1.4 4.944.9
0700- 17 15.3 9 11.3 24 7.8 11.543.8
0800 13 9.2 11 14.2 20 18.3 13.94+4.6
0900- 8 3.3 4 L5 19 8.0 4.3+34
1000- 12 4.8 12 11.3 18 13.1 9.74+4.4
1100 20 3.5 10 5.4 20 6.6 5.24-1.6
1200~ 8 4.6 3 6.4 8 4.7 5.24-1.0
1300- 11 6.6 — — 5 4.2 5.441.7
1400~ 10 13.4 6 12.3 9 8.9 11.54+2.3
1500- 10 14.8 5 12.7 9 12.4 13.3+1.3
1600- 15 12.8 7 13.2 8 11.5 12.540.9
1700- 8 11.7 3 3.4 6 3.1 6.14-4.9

* Two skin snips each were taken from the volunteers at 15:30.

201
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Figure 2 The intake of O. volvulus microfilariae by S. ochraceum, expressed as percentage per total
recovery from flies in each human bait. @

® mean Y% mf recovery; O——O
triple-running average of mean %, mf recovery.
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(13.9 mfd) and 3.84-4.32 (n=15) in No. 3 (11.7 mfd). Thus, the fly load indicated
a great variation among the volunteers with a similar skin mfd. A similar observa-
tion on the low microfilarial intake by S. ochraceum was sometimes seen in the other
field study.

Almost all of the microfilariae intaken by the fly were destroyed by the cibarial
armature during ingestion; the damage reached 81.29%, to 1009, among those counted
in the dissections of flies. Very low microfilarial intakes resulted in a high proportion
of the destruction of microfilariae ingested.

DiscussioN

It has been unknown whether the biting activity of black flies, Simulium spp.,
is influencing directly or indirectly on the O. volvulus microfilarial intakes. But there
is a possibility that the microfilariae may be attracted by the vector, S. ochraceum,
during ingestion (WHO, 1976; Hashiguchi e al., 1981a). Therefore, the attracting
condition of the black fly against skin microfilariae may be influenced by various
factors, such as ecological and physiological ones, of the fly in various times of the day
in endemic areas of the disease.

There were two peaks in the microfilarial intake, one in the early morning and
the other in the late afternoon. However, this study is the first case reporting on
the hourly intake of O. volvulus microfilariae by the vector, S. ochraceum. In order to
have a more detailed and conclusive information, further such an examination should
be done paying special attention to the parous ratios of S. ochraceum which showed
distinct diurnal patterns (Collins et al., 1981).

In the present study, the mfd of O. volvulus in 14 patient’s skin was examined
throughout the day in connection with microfilarial intakes by the fly, performing
skin biopsies at 2 to 4 hour intervals. In patient’s skin of one of the two experiments,
the mfd rose slightly during the period from the late evening to mid-night indicating
a considerable variation in individual volunteers. As to the mfd in skin snips taken
at various times of the day, several studies are available in connection to the biting
activity of the vector of Guatemalan onchocerciasis (Duke and Moore, 1974; Anderson
et al., 1975). Tada and Figueroa (1974), however, observed no diurnal periodicity in
the skin microfilariae of O. volvulus in endemic areas of Guatemala. The discrepancy
among investigators on the diurnal patterns of skin mfd may be due to the difference
of sensitivities in skin biopsies. With the reason, it may be very difficult to know the
true patterns of mfd in patient’s skin by the biopsy techniques which are available in
the moment. Collins e al. (1980), however, demostrated that the sensitivity of the
skin biopsy is enhanced by incubation for at least eight hours.

The result obtained suggests that there may be a diurnal pattern of microfilarial
intakes of O. volvulus by S. ochraceum ; the pattern, however, did not show any correlation
with the present diurnal pattern of mfd in patient’s skin. Further such an information
on the hourly microfilarial intake would be necessary for a better understanding of
the transmission mechanism of onchocerciasis. This study also showed that very
low microfilarial intake resulted a high proportion of the destruction of microfilariae
by the cibarial armature of S. ochraceum. The individual flies ingested such a low
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density of microfilariae may be negligible in the light of their actual roles as a vector
in the transmission of onchocerciasis.
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Abstract: A lowered T cell percentage and a raised T, cell percentage during the
acutely ill period in Protein Calorie Malnutrition were observed. These values generally
returned to normal after treatment. It is suggested that T cell immunodeficiency in
Protein Calorie Malnutrition could be due to the alterations of T cell subsets coming from
an increase of T, cells.

It is a well known fact that malnourished children have an increased susceptibility
to infection. The interaction of malnutrition and infection results in a marked in-
crease in morbidity and mortality among these malnourished children. Several
investigators have shown atrophy of lymphatic tissue, impairment of delayed cutane-
ous hypersensitivity, suppression of phytohemagglutinin-induced DNA synthesis and
decrease of T cell count. These suggest that there must be some immunodeficiency
in malnutrition. To investigate immunodeficiency in malnutrition we examined the
changes of T cells and T, cells at the acutely ill condition on admission and after a
period of therapy and convalescence. This report deals with these results.

PaTiENTS AND METHODS

Fifty-five young children aged 2 months to 5 years were diagnosed to be suffering
from Protein Calorie Malnutrition (PCM) on the basis of clinical features (growth
failure, loss of subcutaneous tissue, skin and hair changes), decreased weight for height
and low serum protein. All patients were admitted at Princess Marie Louis Hospital
in Accra, the capital of The Republic of Ghana. Twenty-five healthy infants aged
6 months to 5 years served as controls.

Heparinized peripheral blood was collected, diluted to two times with Phosphate
Buffer Solution (PBS), and lymphocytes were isolated by Ficoll-Hypaque gradient
centrifugation. Cells were washed twice with PBS and resuspended in PBS at a
concentration of 2 x 10° cells per ml.

Into a small test tube 0.1 m/ of the lymphocyte suspension was transferred and
1 x 107 Sheep Red Blood Cell (SRBC) in Fetal Calf Serum (FCS) were added to it.
The mixture was centrifuged at 200 X g for 5 min and allowed to stand overnight in

* Reprint address: Department of Pediatrics, Fukushima Medical College, 4-45 Sugitsuma-cho,
Fukushima City, 960 Japan
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ice water. Thereafter the cell pellets were resuspended by gentle agitation and
examined for the proportion of cells forming rosettes with SRBC.

The determination of T, cells was in accordance with the double rosette method.
Both the lymphocyte suspension and Chicken Red Blood Cell (CkRBC) coated with
anti-CkRBC antibodies of IgG class were transferred into a small test tube, and the
mixture was allowed to stand overnight in ice water. After removal of the superna-
tant, SRBC in FCS were added to the remainder. The mixture was centrifuged at
200 x g for 5 min and was allowed to stand overnight in ice water. The cell pellets
were resuspended by gentle agitation and examined for the proportion of the double
rosette cells (T, cells) binding both the SRBC and the CkRBC coated with anti-
CkRBC antibodies of IgG class.

REesuLts

T cell percentage in normal Ghanaian children was found to be 79.8+3.49,
(male: 79.94-3.89%, female: 79.84+1.6%,) and T, cell percentage to be 2.2-+0.89,
(male: 2.44+0.8%, female: 1.84-0.6%,). No difference between the sexes was ob-
served.

Three different types of PCM, such as marasmus, marasmic kwashiorkor and
kwashiorkor, showed similar changes between the acutely ill condition on admission
and after a period of therapy and convalescence. Namely, the low T cell percentage
and the high T, cell percentage on admission generally returned to normal ranges
after therapy (Figs. 1, 2).

0 -~

on admission  after therapy on admission  after therapy on admission  after therapy
(60.6£6.9%)  (77.916.1%) (56£11.7%) (79.115.7%) (53.5£6.7%)  (78.7+4.4%)
Kwashiorkor Marasmic Kwashiorkor Marasmus

Figure I T cell percentages on admission and after therapy in kwashiorkor,
marasmic kwashiorkor and marasmus.
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on admission  after therapy on admission  after therapy on admission  after therapy

(7.915.0%) (1.7£1.4%) (8.3+4.5%) (2.9£2.5%) (6.1£3.1%) (1.911.2%)
Kwashiorkor Marasmic Kwashiorkor Marasmus

Figure 2 T, cell percentages on admission and after therapy in kwashiorkor,
marasmic kwashiorkor and marasmus.

Discussion

There have been no previous reports examining the T cell percentage and the
T, cell percentage in Ghanaian children. Our T cell percentage of 79.84-3.4%, and
T, cell percentage of 2.24+0.89%, are comparable with the values published for other
national groups.

Concerning the immunological studies of PCM, there are some reports on the
atrophy of lymphatic tissue, impaired delayed cutaneous hypersensitivity, the reduc-
tion of the in vitro lymphocyte transformation response to phytohemagglutinin
stimulation and the decrease of T cell count (Smythe, ¢t al., 1971; Sellmeyer, et al.,
1972; Chandra, 1972; Schlesinger, 1974; Ferguson, 1974; Chandra, 1974; Neumann,
1975; Beatty, 1978). Moreover there is a report stating the normal B cell count
and serum immunoglobulin value (Rafii, 1977). Looking through these reports it
seems that there is T cell immunodeficiency in PCM.

We observed a lowered T cell percentage and a raised T, cell percentage during
the acetely ill period in PCM. These values generally returned to normal after
treatment.

PCM is divided into three types: Kwashiorkor which develops from marked
deficiency of protein and a relatively excessive state of calorie marasmus which sets
in at an absolutely deficient state of calorie, and marasmic kwashiorkor which is an
intermediate type (Jelliffe, 1959). No significant difference was observed among
them so far as the above changes of T cells and T, cells were concerned.

The T, cell is one of the T cell subsets, but functionally it is a heterogenous
population containing several subsets such as the suppressor T cell which suppresses
the production of immunoglobulin from B cells and the killer T cell which possesses
cytotoxicity.
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It is suggested that T cell immunodeficiency in PCM could be due to the altera-

tions of T cell sunsets coming from an increase of T, cells.

Further investigation of the increasing T, cells in PCM from a functional aspect

is expected.
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BB BEA, B —K 11 FEHORIRORREE Z DRIREF
(FBREK « & « F4H) g EAABRK-E-v4rz)
5 r=7HEzzBXicB 5 HEOLRRE 12 FERBHEDOIDO~ v A BB HREMRRD
—= vy EMRE S E vy E RSO i A
BEBRCONT— £t WA, ZAREA
W HEbE, EE RZ (RGEKX » #E)
(BIEK « BHIRDE « F4ER) SREEEH, HA it
6 H—7HEHT7778BXVT 7 7RAABIBH (BWX « BHEEBF - FWER)
H dURGLR T AN M, il

Kb HEX (RAEK - RER)
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13

14

15

BERR Y A v 2 OB ARE
—9 4 VR RFO FEIMEE S MR AED #
ﬁ_
FE FfEE, KA ERE, ZHREA
(RAEK - thE)
EEEINICET 32, 30MELICONT
N R, 2B BB, KiE
Hr FE
(EBX « BHER - F%)
BEBETOESFTORTRIE
AR B
(ReA K « REED - A1)

fd,

1

DURDUL

7B ERTRARORREERE
FeTEHEERAR eV 27 P EEORAB
DHEHE
" b
(BER « RN« v 4 v %)

2 WMHEZOMBE,S

&Kk IEF
(BIK « BHERDT « FRIEMB)

3 FHBFEDMNE,S

HB EiL  (RWK- K« KB

4 FERZOMBEH,S

R RC
(RIGK » SRR « F4EH)

5 RBFEOME,S

e it
(RIGR » BEE - W)
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5 B MO’

EEEORE
EIL B GREK - K - KifiwRkk - W)

BYIE ZEFEICBRDEULLER LTS, €0
EEiC3 UEWE, REAHA, BITRE kv
EVPE—BOICERINE LI I -T2 EMDH
59, TRbL, cho0EHOEEITLD Y
HRREROHED S BERIN T L - 2558
HEbhTH3bODBRESEML T3,
Zzh iz LiZ LiZ Opportunistic infection & L
T—HINBEDBBY, ZTORIPTHREBRRIE
RIEFCREBHAGELEDTHEEVAL D,

HEBRYUEL UCTHENICRDERICALND
bDRH VYR, AREIETH A H. EMNE
CTHBRMICH T ) MESEVEBRPATER
BESELHET S, —F, EMELTH LB
£, POBKNICIEEL DS LTT AR
FURRE, L2 VHEHIE, 7V 73y HRIE,
BREE, BREELREBTLENE, UL,
BKRICRBETH O UL BERTRIZEAL
BBRLURVEBEL®S M, ThhBsmERES
ZhicET 56 OMNHEYT 5,

Pl Edd, RPTIEREBIL L LB
IR L OMOERICX 2 BREERIERIERIC
RPN ED S, REENB S, SHEN
BLBZORBLALBREEEERETHS, 2
% b, Opportunistic fungus infection O & D3
R ERSTBEBIEN, TbL, BFicE
(HONABRRERERES IBTH SRR
BiE-THWAENALD,

REEAFICBNTe F2RLMNCERIEDRE
BEE A5 BA T3 ECHAREBREREH O
B EMBF, Thitkhid, 1958FH 519774
O 204E T 390, 673F DB BRBASEFEINTE Y,
205 b HERER 6,524 (1.67%) MI&3h
TWb, 19BFEOERIED RAHEIZ0.59% T
HotoDh, 208%DI97THEICII2. 8% & FEHIT
WL T\ 5,

HigF»oH 5 EBEEIERD v P X HE(36.1%)
BEEBIL, BNTTRARAVFNREE (26.0%),
7Y Fbray A RE (10.1%), &2 —VEIE
(3.6%) BELBONEEODDODRENIZERTD
B,

—%, BEHEEELV-TS, £OHDHOD
EREBEMIZFIICAHONI ORI EVEN
Vo BEHTRAFENE LT EL,
0k S s EICiE Histoplasmosis, Coccidioi-
domycosis, North American blastomycosis,
South American blastomycosis (Paracoccidioi-
domycosis), African histoplasmosis, Lobo’s dis-

_ease (Keloidal blastomycosis), Rhinosporidiosis,

Mycetoma 2 EMHTF o5 b, iz, ThHDR
BRUIVIEHAEROBEEE LTS T &K
MEniXI, TDIHDB, Mycetoma (Madura
foot) R LABTCRETRRT 5 L3l
bLZhSOERICEB L E UTHAEIITE
BLULDEWMELTCHRWLTH 5,

HEREDORIICMEEROERT S OEEHRE
B, EhlHcEREBBESCEEL, EELELT
BIET A LBBLETHS, COLEHRBLED
HOLORBEUBEESERFLLUTH S DD LE
Zohd,

D& ISRREIEEFFKE LY BN FEE I3
100 EEICT ET, ~BIcEEBS AL 105
EhhvbhTwalEhoErhid TEEEZE,
i TEEY,) ORPTRERPEOED &0 DI
REEEHR->TVABITERENLLD,

ULil, EERBEEEE L TP D THAL
#HF¥ ) aREATHEORRLE S, ¥, &E
TRTVAFVELTOEESKELMHEELLD
oOH B, ok, EEORHEYSEREE
HEELID, EREE (423 V) %
EETANEOFEEREMNS S, chicdl,
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FPBEZOMOMARE 2T AL OIEH
Be rOEFLEEZEREEEZRELTHAT LMD
B, T EhHd, REFHEHEBRICBNLTS
bo LIRHRESHMBBLELES S, ZhERT
D EHiCFE2H New Zealand TIibh 5
% 8 [0 Hp ABMEERE 220 v v EY v 4k

“Mycotoxin and mycotoxicosis” D F —= 38 &
DHFohsT LKy, PUTHEEEEDORH
BDSIELIEDDDH B ENE B,

A3, EFERREO—-BNERY, HESHE
BIEIC DTN, REZNZED S B~
720
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1 AFECHHEEKRLDODHBIHLUOELE
EREOAUTZFASHICDNT

BEH W (KGEX - &%)
w74 4 5 H Latoia lepida (CRAMER) i3,
HE, 4YF, ®4mvy, Yy, A=}t F,

AVEPBRAHT BB TH B, BED S IIHEH
(1930) o#HE L, BRE®D “Toso” (BEFEME
#ERick s EERETERE) EOM BT
SNTNWKEGITH %, &TAMI0EICI > T
ek, BRETATERESHERRAIN, ¥
721969 I BB R ETAZ T3, BEH,
LI, BABLRETOREINT, EHIZI979
FERRPERKFICEE UM, ev~Y)T44
FHBREHE XV ZOEAOREHROEREMIC
EELTNEZEILEA SN\, £ TREKOR
AgHESHBELE (BR) T Ho BHEDO D2V TIiK
EBOGRBLIUEBON T -2 74 FEEEL
720 THELEBREBTORIEAEPIIMERLET
HBRELTHWBEENWIBNMBEE N7, €D
S oI EART, KRAT (&dw, BET), RE
BT (ZEH, #ABT (RRaf, B, &K
), WULERT (EHTFEE) LT RENE
AINht, VThbEFRRKFEETLL D LT
7z S, RBOFEERIE2R6-7THE8-9H
T, BBICHRT 54H T~ 20 THIERET
BAT 50, L TEMTHELLTSC L
WHBOT, E3LLHB5 L0, HhHidr v+
UNE, PNRRNY, TV L, AFF, )
V), 4 FXERI R4, FUR, TAAAVY,
kA4 avERE, 475, vA, ®IY, HFA
RERLZOHENERT S, AEIEID LbELAKE
TicxBE LT REB TR, 1920FERIT K
POBAICE-TA Y FHB0BHFE»S BAEIC
Ab, BRETATHLZ LHREHRY DI LT
725 L, UL UIESEOBERIc S ke
BEAOBEBMEHEET, aficamERERLIZSL
{, B3I SOt EICHBAT 5 TR
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® B

Vo FIINB EHIENH DR BN LY, EMiC
ol ESBOOT, TP REEHORESE
BELTHEETILHENH B,

2 U7FI3CHBIFSD Onchocerca vol-
vulus OENFIRE T 158, Simulium
horacioi DHERETBE
= (RGEKX - EEH)

Wik 77 5= T BT Onchocerca volvulus
O HA TR E W& 3N Simulium  horacioi
(metallicum 7" v—7) O d KB4 REA A
SPITT B2, & VI AEEERO 3 HBKX
TREFRERIT - 12, Simulium horacioi O ik
3, EEEBUTRENS OGN, FICEPEER
KRN BN BKRICS DT, T2, W -
10A) TOAHETAZHMKRICORET S
EHBEINT, ABLDERIDHEI LT
2 AR EED L T S, horacioi 13, HRiTL R
1BHDD, 0.06~29.0% % 5%, S. ochraceum
2 S. metallicum s. str, & & &icEEARIMME S
2THBHTEBHHPL, COBORMEEIC,
9 AL 10 ICEE & 73 20 & I FHZEE
A SNz, Onchocerca volvulus %y @ B AR &Y
i3 S. ochraceum (& LIII#&Ed) BLUS. me-
tallicum s. str. (35 1 O A) KA ohi-hs, S.
horacioi TIZTA3@EERE BE LI B TERVLWTH
OREPOGES RS b1, L LIRS,
A7 4 5 ) 7O%E Ul s g, Mermithid D 4%)
BELIUCH CICEEI N TOTBEERBDE S S
i, SEOHEBETHLLRENCHREZEL
T, GH%DISTF=FICBIBA Y I NVHIED
Z8AETIS, S. ochraceum % S. metallicum s.
str. L [AEE, S. horacioi bEKFHOMNB LT A LHE
BHHD.
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3 FBRCHITDIFERBERERR
AaH OB, 4H F— FE OE,
Rig KB, TR & WEIER,
BE B BR #®=

(BFER « FEH « NREE)

FEEBRICBD 2 HFERMNERBESERRL
ERRELURREMDOOH B, —HPB0E
RO IMENER EICRIEBYESH ZDTFEEY
B BEETHRIIV, 1978FLK, =HHRE LA
EERRREE UTRELER U, S Ryehisy
WWIEANEICA ST, EOBTHBEHH - 1288,
EE9.T%TH 1o BEBRBICPIRIDEV X E
—HRPBEMNTH » T, HRBREFECTr— b
RAEEIT-7 6, BW, BCh, bl sh%E%
RFAZHHBOLEL, AfliEvbhl BBl TER
o, RIRILEZBRTITI BEMI%TH -
720 ZHOBEIFHOD L 2 BEEEEIIOT,
BARGMICE B2 2 ) —= v 720 TRE L
tro BPHBHIED Z vy BE 20pg/ml TR
WRE & BRENE SN, BB Tmm, R
13 20mm ZERICHHE Uic, sEBEBI N
720 LT, H3BEICRERBEVREBTCAEAT
%, ELISA ZRWWTHH LA, 1gG KT
12 REES RRT, IgE HiKD Fh BT,
RAST i o5, E#E IgE iR T4 5
EICH -T2, Hd, WHORPRIIBTH -1
DS, BEJI R RGeS AR I B s - T2
BT 21%, EHTI9.4%ThoT, Trh%
Y TEATEHERbN S, ks VBS Hiu
Fick 5 RRRISZFE23% BT, &WTT40
BBH-To 47 VY DEREANBERDIEL
BOOD2HBEHTTHS, ChoBHEEOFLESR
FHREE2W b RELRE L LUTRIMTO
Bo 19802 BIOBKH~ 5 ) THRENT 7 U &
RATREZCREL, HALBTHA LI, HK
B, T=yFR, @#d, RE, rYaxFrz, b
¥V 75 RA=R o0 TRAEIINEE LTH
I ohiidb -7z,

4 KSGELBOYIH_hBRERHEETh
Dz RAFILT R BRE EETER
HE EA, B —H
(B « & « F4HR)

B ez CEREENIDOXRM, BERINLEWE (K
SBREERENE) TRELEYIF=IC, Y2
AFe RBEERAEFEROFEEELBD I, ¥
ITH=DT7, BIUFBORETDA X
) TEAERIT, 23%(23/1000L)~89.7% (26/297L)
T, BATHEL- DOICERITEREL T,
BHRESOBRE LN =S0EDOFER T, 260LiC 2
2N )T BHON, S 8SEDA L LA
) 7 AAIR Uiz, BiEd = 1UHebh OFEHFE
AR N ) THEIERME, RDIZVLHDOTII199
BTHoTe #E2ENMH YT DI =KNTOHH
3, B A &2 &b ) 7HRED86.5%BHA, KR
WTHFgT.8%, T 74.0%DIETH -7, 2 & &
AT O KEZIZ2MED EHT 361 X351 pm
(296~412X276~404 ym) T, hIF TEITH
HINTVERBDAZErH ) TORTERD/N
By, T b, TR, BVEY PICAZ LNV
) TEBEIRILECANVTNOERITEREL
B, BERBHRICBALLEERFTLERILEL
Too CORBEORGKEEZRINL, 1 RICBEAE
CABRICBYEL, R#L, COZEILY =
AT ViR BEOE AR, BAAHEE L
[f1# paratenic host /33 REEAE bHo &
ZBe ARXRBIUAICA R LNAH Y THRREX
BTHERRE, HEHIIEE, BRIZLOBO
6L HNTIL B, 100fEED S b 16MEMAH
4~5EHB 0T T~8EICHWTERENAS
N, BEBIMEMDOSDOH6E R, KD
OB SECHNTBY, PEREEZEILTNS
SOOI, HIBEBIET, K&EI13100
B TT9.4+5.6x43.7£2.0um T, EEHIC
BERRESEESDOOBIETHEM, LD
bORMESLERF/ T D, BEDOLDTH»
726



5 =TEINYHRICHITDEMRKRE
—T 2V oAEmMB R E EILANILY E R
HOBEBECDONT—

USH  XEBE, B W2
(BIBFK « B ED « F4E5)

3 e SRAE D SRR RIE D 5 D, HICRER
T TS, animal model Tk % ME RSB
HHM, WITHICBY ZFEARICESOIRE
B,

RADEZETI, 1974k yr =TEHE N2
RicBT, BMEBIEDOREERED T,
A BEREBRITB1) 5 1598 DERICONT
DIVMEDFHESER &, 1980FEDENE A LBL,
REREOREEEZTRBT AEREBI, Thitk
hid,

) =vyrgEmRksmZgBiEo s v—74,
WEOBINE S BHE -/ v — FiTHN, 64F
BOFHAEBICBHTE LA LY EOHRBRICH LT
P yicd WEABR S hT,

2) ¥y RSB GBEO S V-
&, MEORIFEbBEHIE sz v—FEDEIT
3, 6EROHFARICBNT =Y YEOBRED
YTt LT3 EMRE o T,

3) F x~NzHXTE, 6 EOMITHEELT
bh TS, ARERICE 2RETIRERL
EEEBRLOMITEZRRONT, =v v LK
BB v— TR, BUAEREZD
e, ey FMRERICE L Thr D RF
(B ->THBEMBR S,

6 H—=FTET7I/5HKXUVT I FBAICET
SHFERRLERR
KL X
(BREBX « E « 88 « B5W)
R.K. Anteson
(F=7>X - FOLEPIEH,
H=FRK- K- BEW

BT 7Y A0 —-FicBTiR, FEBOEE
B RERRETOATHWEL, BSSE6 ALY
BfS64E12H = ¢, RMicB " THFEHDOHES
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T-72DT, BEDO—BWico>WTHET S, #A
Z#hiZ, Greater Accra Region DL 5 HkE
U7 7 3 HARD 3 % EE, PML Hospital, Koto-
babi Policlinic, Ussher Clinic ¢, PML Hospital
/MR EMRES, fi3 Kotobabi, Ussher #IX ®
IR B, BEHIZ, S¥HREID, #EE, R,
MmEBHERE, —HEEEDP O3 OMITEK
Mm%y, HE, #HEOUEET-, FEEQS,
BEHEREK, cr<) v x—Fork BEEREL
BT GURHINE OB OBF E, FERk#Eic
BT U FERESTIREY), R EeRk
8, MKIFL2F§@EIT -7, Accra RO —
BAERTIE, #iRE 3695, FERL.9.6%, [
H$20.6%, #H520.0%, KBE7»—~13.5%, #
MHT7.1%, 7 v 7 VEEHA.3%, HEH2.4%, ©
Ny MTEE2.4%, < vy %R0 5%,
INE4HR0.5%, BBt Y 3w 20.3%, LEIZH
%H0.3% 151, TDD B, R 476 464
M7 A) AFRTIFABIC=BRTH -7, B
AR, 2BEARYLEISH (10.3%), 3BERES
BEIF 2.4%), BENHOMENREOFAE R
BRYIRTE IS, HEHBS51.8% (KHtrE226541117
B) T, [$35.4%, €y %E20.4%,
B~ 7 ) THERB9.3%, #hd.4%, FEgHh
3.5%, 7 v 7 AEERL8%, MAB<Z Y TR
HO.ABTH » 1o THIED/NR2TAFITIE, FE
#35.4%C, [MH20.8%, #HmHF#H~<7 ) THES
12.8%, #H3.6%, A =—n§FE£H2.6%, EH
H2.6%, WERE2.2%, KRBT A —1.1%,
Y7 AMERL 1Y, #H80.7%, NEE&RO0.7
%, Er Ny FEMBRBRO0.THTH -T2, F—#&
HOMBEREDI S, ROBEMELED O,
Salmonella A, B, E,, typhi, Shigella flexneri 4 1,
EPEC 0125:K 70, 011: K 58, O 55: K 59, O 26:
K60, THRIEFEHEORFLBEFRICONTD, &
AT - 7,
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7 ~RJL—EEE I Shushupe (Lachesis muta)
Rk Jergon (Bothrops atrox) OEFEME
RICDNT

Isabel Fukusaki

(Fr=vaAKe =)
®wE B, BZEXx £ LH ",
B 5 (b m)

~ v — e Shushupe (L. muta) B O Jergon
(B. atrox) O F# MR % A &K P& F e Habu (T.
favoviridis) KU* Mamushi (4. halys) & Hh#E®
FUlcoT, TOREEBRET 5,

1. FEREBMNE

SBFEOHMBEE, BIEENE, ROKEEHRIC
9B UTRRE Ule, HMERRB Y v+
OHFFENCHFERERALEEL, HE 10mm O
HlgE49 2 B84/ ME (MHD) &L
THEb LT, £O#F, Shushupe S.Spg/MHD,
Jergon 5.5 pg/MHD zxf L, Habu 0.7 »g/MHD,
Mamushi 0.1 xg/MHD TH Y, HAEZEKOE
EORONBEER U, BRERZ~ v 2 BBk
NICHREZTEREL, S0%BFER (LDs) TE
bH U7, Shushupe, Jergon, Habu D& FHEDS
32pg/LDs, TH B DXL, Mamushi {3 14.7
1g/LDso ThH » 712,

Eampiotd 5 # M, 588 (VERO, HEL,
FL, RK,;, BHK) O #{biifgic mRERLEREL,
50% Cytopathogenic Dose (CPDso) Tt L7z,
£H/EL S VERO & HEL T3 0.32 1g/CPDs,
2R UDick U, FL, RKy3, BHK Tt 3.20
18/CPDy, T b, VERO & HEL bl &
DIOfERVREREHEER U,

2. mEBREEHE

Shushupe, Jergon, Habu, Mamushi O&#H#
Ty F¥FEGKEL, TORMFEROHH MM,
HIEM, RUTMRERMGICOVLTHE K, il
Iffls 8 ~324%, HLBLFEM 4 ~164%, PikBlaEHAR
W33 1c64ETH - 72, Shushupe HEETC v Y%
RELUIZE A, FLHMAMGI66Z, HuBIE 8 £,
P 128f D HBERE R 1. ;

3. REBRELEZNWLhORMEERANT, REE

K7 VALBRIEELT > 7. % DR Shushupe
KU Jergon ¥ & Habu, Mamushi FH# & D
KEBNBROGREZHEI LA UBREF D,
4. F/BRES O

Shushupe #3%% DEAE-sepharose CL-6B |t
KXo THBEUIER, 6 DOBAD v¥— 7 21872,
zhZhove—7 2EHRAICE—7 1056 &4
S5 &, BIERRY -2 1RO 2T, HME
HRe—-21, 2RV3, 4@, ¥—7
SRUGCBEBHERELZBDEPoT, HEY—7
EF 4 A ) BREKBTRARCAHDE, £¥-7 T
REBOLOPOBEABEDONBEDT, 4HEK
BEt 2D Iz,

8 NTELCLIBREECHATIHNE
FH B®—, #U #—, LH HB®E,
Bit /A
(BRBXK K« EZHF)

PO BRI IMBREER, MREREEE
M, simfem, HmER, HEEE B XU mKE
BIF k% 7o RREER S E5H B, ERIVITIEA
TEEABYICRET S EICE > TBIRBENL
E—d b b 7ERENICIFAREER
MED, ©5RREASS S NRE ICHEFEEZEL
ANEEFR LT CEMIE, KO, FEH, LH
SHELOMEHICE > THEIN TS, 4HF
HRIEERKBEEHRD LT 2 FXFEARHESICER
T HENT X DRI THFESE Sephadex 75, EH
#E LTO0.02M, pH7.2 Ok v BEEHR AL
TH B L THE S M4 FL, Flla, FIIb, FIII
HBOBOBMMICAESD 0.50.1mg 2HEK
RICEELUTEOEAEBEE LUTOME KEE
B9z, #E FI $#5%2480 HICREREBME D,
DS BREMNERD, TORBIC747 ) ¥, &K
ik, ZEAMKERED, REICOS BRELR
BA LT, WEEEASHEN, ThERRI7 4
7Y yORBRAESNE AT, TODS R
B« FITC BEBHRXE -7 27 YHRIEEH
WTOBNAKRETIEBRRILONED T,
% 72 BEHTO electron dense deposit (34 513
» -7z, 4+H Flla, FlIb, FIII 58 TR0O5



REALD WHRELD B ohiEhoP, E72 FI
BEICE A BARRENTHIE L - BEGHRORA
BAEH DI DDOBNERET S LERICEBNNE
BINTVWEORBEINI, Hulick 5 &4H
FI izide b f/MREEERIEMLD, Flla, Fllb,
FIII (T3 e F iU/MRBE ARIERR S5 L0b
h, 4EOER» SN THICK D BEEREICI
REFZHBFELD, L AMMIDTSHOBEE
ZLTWB T EBRBRINT,

9 ALSHFROHMBABER
—REBBRVEAREEEROT—
WL KW, —/ EkE, BF FH,
IR HE, Ak EY
(BIEK « BREREPF « R IFRME)

Ohtomo & (1977), 2T Nichols & (1980)
2, 2L 7EBROD subunit A (SA) A3 cytosol
4+ iC, subunit B (SB) A% membrane 4@ i/
BB EERELTVE, AWR BT ORZE
HHE LT, £BficTh s BBEEOBERK
ERUBGGEEZERALIZ&DTH %,

i SA MEBEROIEE, BRIk ETRER
Picis { e m@d o h, periplasm 25 outer
membrane P TRBEINT, BEIRET
[ DNA 7 4 5 # v + 28 HBEIC electron lucent
L1525 T, BEIZDAB RGOSR L LT osmio-
philic &7: b electron dense RN E LN S
D & 3HETIEH B3, periplasm B 5 outer mem-
brane ICRRIEBBD SN oo EEEbE
T, BERMRALHEZ 5, HiSB mMELRFEA L
B4 3Tig & &, periplasm 7> & outer membrane
IKHRORISED 51, cytoplasm (C3HE RS
Rish-tz, ULEHHREXEXHTH0T
H5,
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10 H REH Shigella boydii 14 B[C kD

A TR

A b
(KK - RBEE L 2 )

WA LR R PP

(BRIEX « & « AR

REMIRMROBHETIHEO 7 4 ) ©VRITH
SIMERREEH 2 ~ 3 B ORRESRER LD,
BREOCHEEO LTI - VBRDID & B
BLTW, 67 A%RES (IR 8, HHDPE
R ES & QR FRFAROEREEL, FX
DFRFEEFE L, I5IZTD 1 A AHICHE
THEEADBRAPHEBEEUKRTHELZD
AU, ELSEBER UL Sh. boydii 14 #l
WM Ihic, ARRTRTRETEBICETS
HOVEREROIUNERT 2 L O BWHRIE
hote, ARKBRATIIAMEK#EM, CRP 3+,
FHEORKE3I+ EREFTRBL OGN, FITHIC
L pAkOBERBEbNI., MEEHNBRETI,
NEMEOENFOMRI I v -2 ENRE, T
HRDELENASNA ¥ F—-VDEAITEL, 7
7P =Ry bERBLIENELALLH
ABEAE= Y=y FESBOFRFE L EZ SNl
ZEHITC Sh. boydii 14 M EFE Lz, RBERES
A» oSS hic s BROBHIERZRE T + 7 94
JYVERMVL =AYV UTIETH o2, EH
134 A gL Sh. boydii 14 Blic & % MBIt AR D
EHOERTH 20, TOEYWEHERNE
> T leDBERTBEIC B KIER & LTl
BINTBY, ARRESEMLTETHES
H, ZEL-WMEIRSNIENTH -7,

11 PEOFEIBEDREA S FDORRRSE
e EA
(ABRK-BE-v4rR)

miliE (Keshan disease) i3 19354/ H, ®ib
HHBHIARLTRIUDTHRES LB OM
Bl LRBTH B, LU AEN T
PEo> THIMA IR ST, RERED RHEIEL
CHHEEOEHREICIUT, BRCERTKEE
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BWT T 2 &) icESWROMRICRE LTS T
EmohTEk,

BUDAHITELA RELKTF BN EPS—
LR EREND D - 7208, HBREREENH 72
DEYHOEBTE, BceL Y REB, HB0
BEBREMEIPSI IV v — BE VI VRE 4
BELIBREBHBIDCTVANVAEAEND B,
BHEIATTRILCHRALECEZRL, EET
REWNRITERT B E S, DL BEEH
HMALOHE—DRAEZEISNBINEDSELL D,
40, PEBEHIE X R IEEE mFE30H &%
BEEAMBLISHICONWT a2y v+ —BEY 4
N RICKT B BRPREERE Ul 7272, il
RBREMBICThERFEEO VAL VISEET
D, ULhrbE—MFETH - cicdFRiAME» S
WEAHET A ERBBOTREERS T ETH -1,
PR EfEHENLSAT Iy ¥ — B,
# L B it >0 T IRBRFOLEIIL VDS, B, B,
B; #, B, #,Bs BT O\ TREICEFEHRL,
i< B, BT o0 TREBEF M MBE 1c >V THE
FREEEZ SN, Eiz, in vitro cell migra-
tion inhibition test 24T\, v b.LHHHIETE
EREEL VEY PO n7 »—VOHEENT Y
YowF— B, By vROEMIck->THIEES N
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