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Abstract: In the area of the Ibi, Nagara and Kiso rivers in the Tokai district, central
Japan, a survey for the detection of Paragonimus ohirai in snails and rodents was performed
during the period between October 1983 and October 1985. Snails, Assiminea parasitologica,
positive for P. ohirai cercaria were found in 2 of 5 study sites. The over-all infection rates were
0.41% at the sites on the Ibi and 0.45% at those on the Kiso river. Two species of rodents,
Rattus norvegicus and Apodemus speciosus, were collected, the infection rate for P. ohirai being
50% in the former and 0% in the latter species. The results of the present study and our
previous report (Matsuo and Makiya, 1985) disclosed the life cycle of P. ohirai in the areas along
the Ibi, Nagara and Kiso rivers; A. parasitologica is the 1st intermediate host, Sesarma dehaani
and S. intermedia are the 2nd intermediate host, and R. norvegicus is the final host.

INTRODUCTION

The first report of this series revealed that 2 species of crabs, Sesarma dehaani and S.
intermedia, with Paragonimus ohirai were widely distributed along 3 rivers, the Ibi, Nagara and
Kiso, which flow into the Ise Bay at the boundary between the north-eastern part of Mie
Prefecture and the western part of Aichi Prefecture in the Tokai district, central Japan (Matsuo
and Makiya 1985). Metacercariae were detected in the crabs collected at 17 out of 19 study
sites which are situated about 5.5 to 13.0 km up from the estuaries of the rivers. The infection
rate was 2.7-100% for S. dehaani and 0.9-100% for S. intermedia.

The present report deals for the first time with the infection rate of P. ohirai in snails and
rodents serving the 1st intermediate and final hosts, respectively, collected from the study areas
along the Ibi, Nagara and Kiso rivers. Although Iwata and Nagayoshi (1985) are of the opinion
that P. ohirai is not an independent species, the authors here adopt the current theory that P.
ohirai is an independent species within the genus Paragonimus.
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SURVEY AREAS AND METHODS

The survey of the 1st intermediate host, Assiminea parasitologica, was carried out at 5 sites
on the Ibi, Nagara and Kiso rivers, shown in Figure 1, during 2 years from October 1983. The
snails collected were crushed individually after measuring the shell length. Removing the
broken shell fragments, the specimens were checked for P. ohirai cercaria under a stereomicro-
scope.

The final hosts, wild rodents, were captured with live traps set on the river-banks along the
waterway which are covered with communities of eulalia grass, reed and other grasses. The
traps were set in the afternoon and rodents caught were gathered in the next morning. The
rodents were dissected after identifying species and sexes and measuring body- and tail-length.
Lungs and livers were carefully examined for P. ohirai worms and feces were also checked for
the eggs. :

RESULTS AND DISCUSSION

First intermediate host: Two species of snails, A. parasitologica and A. japonica were
collected at 5 study sites shown in Figure 1. Assiminea parasitologica inhabits damp areas on
river-banks covered with eularia grass and other weeds, and was collected from the surface of
soil, deadwood and fallen leaves. Assiminea japonica, on the other hand, was mainly seen on
the surface of wet soil and on stones on the bottom of the river and the lower part of reed stems,
which were submerged at high tide.

The detection of P. ohirai cercaria was carried out for A. parasitologica which is known as
the principal 1st intermediate host in other endemic areas of P. ohirai in Japan (Yokogawa et al.
1957; Yoshida and Miyamoto 1959; Miyamoto 1961). The results are summarized in Table 1
and Figure 1. Paragonimus ohivai cercariae, as shown in Figure 2, were detected in snails
collected at B and E out of 5 study sites. Site B is located about 8 km up from the estuary of
the Ibi River, where Route 1 crosses the river. The cercariae were found in 8 of 1,782 snails
(infection rate=0.45%), where the infection rate of the 2nd intermediate host crab with P. ohirai
metacercariae was 90% for S. dehaani and 88.9% for S. intermedia as reported in the first part of
this study. Site E is situated about 6 km up from the estuary of the Kiso River, where 10 out of
2,075 snails were positive for P. ohirai (infection rate=0.48%). The infection rate in crabs
here was 69.3-85.7% in the previous report. At the other sites, all the snails examined were
negative for P. ohirai cercariae. In conclusion, a total of 18 out of 5,305 snails examined were
positive for P. ohirai (infection rate=0.34%).

In addition to the dissection of snails, an experiment on the cercarial emergence from snails
was carried out with those collected from Site E. The snails were individually submerged in
water in small petri-dish for 1-2 hours and then P. ohirai cercariae emerging from the snails
were counted. The cercarial emergence was detected in 8 out of 2,380 snails (emergence
rate=0.34%). ~

Yoshida and Miyamoto (1959) investigated the 1st intermediate host snails in the wide
endemic area of P. ohirai along the Maruyama River, Hyogo Prefecture. The natural infection
rate of P. ohirai cercaria was 0.048% for A. parasitologica, but negative for A. japonica and the
experimental infection rate was 60.8% for the former and 2.0% for the latter species. The



Table 1 Infection rate of snail, Assiminea parasitologica, with Paragonimus ohirai cercariae

collected along the Ibi, Nagara and Kiso rivers in Tokai district, central Japan

. No. of snails
Collection §ite Date of survey N(e)i(a%fli;?iﬂs inf(el;{:)t)ed
A Ibi River Apr., 1984 190 0 ()
B Ibi River %agé.,,,?illgg,51984 1,782 8 (0.45)
C Nagara River Jan., Jul., 1984 1,105 0(0)
Kiso River Aug., 1985 153 0(0)
. . Oct., 1983
E Kiso River Jul., Oct., 1984 2,075 10 (0.48)
Total 5,305 18 (0.34)

Figure 1
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2: Nagara River \.

3: Kiso River
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Sketch maps showing the Ibi, Nagara and Kiso rivers where the survey on Paragonimus ohirai
was carried out.

Results of examination of the 1st intermediate host. B and E: Sites where snails positive for the
cercaria were collected. A, C and D: Sites where all snails examined were negative for the
cercaria

Results of examination of the final host. Black dots: Sites where norway rats positive for the
adult worm were collected. White dots: Sites where norway rats negative for the adult worm
were collected. Minus marks: Sites where wood mice negative for the adult worm were
collected

Results of examination of the 2nd intermediate host summarized in the previous report. Black
dots: Sites where crabs positive for the metacercaria were collected. White dots: Sites where
all crabs collected were negative for the metacercaria
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Figure 2 A: Paragonimus ohirai cercariae recovered from the snail Assiminea para-
sutologica collected from the Ibi River. B: Adult worm of Paragonimus
ohirai recovered from the rat Rattus norvegicus collected from the Nagara
River.

present survey on snails revealed for the first time that A. parasitologica serves as the 1st
intermediate host of P. ohirai in the areas along the Ibi and Kiso rivers and that the natural
infection rate for this snail (0.45% at site B and 0.48% at site E) was 8 to 9 times hlgher than
that in the Maruyama River area.

Final host: A total of 190 live traps were set at areas 5-12, 7-13 and 4-8 km up from the
estuaries of the Ibi, Nagara and Kiso rivers, respectively, during 6 months from December 1983
to May 1984. As shown in Table 2 and Figure 1, a total of 18 norway rats (R. norvegicus) and 6
wood mice (A. speciosus) were captured during this period. Of these, 9 norway rats were
positive for P. ohirai (infection rate =50%), but all the wood mice were negative. Eight of the
infected norway rats were identified as adults, in the lungs of which adult worms of P. ohirai
were detected. Paragonimus ohirai eggs were also found from the feces of all the adult

Table 2 Infection rate of rodents, Rattus norvegicus and Apodemus speciosus, with Paragoni-
mus ohirai adult worms collected along the Ibi, Nagara and Kiso rivers during six
month from December 1983

Rattus norvegicus Apodemits speciosus
Collection — -
site No. examined No. 9{7; §,mve No. examined No. ?%?mve
Ibi River 6 4 (66.7) 4 0
Nagara River 6 - 2(33.3) 2 0
Kiso Riverl 6* 3 (50.0) 0 -
Total 18 9 (50.0) 6 0

* including one young rat
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Figure 3 Frequency of Paragonimus ohirai adult in Rattus norvegifus
observed frequency agreed well with the negative binomial (k=
0.189, ¥%=1.214, p=0.271).

rodents. One rat was young and an immature worm of P. ohirai was obtained from the liver of
this rat. The number of worms per positive rat was 1-37, the average being 5.06. The
frequency distribution of the adult worms among the final host was regarded as overdispersed,
and this agreed well with the negative binomial [(Bliss and Fisher, 1953; degree of overdisper-
sion k=0.189 and fitness p=0.271 (Figure 3)]. This meant that many rats harboured a limited
number of worms but that only a few individuals were infected with a large number of parasites.
This type of distribution is considered to be advantageous to the parasite, because most of the
parasite-carrying rats can survive longer and disseminate the eggs even if a few heavily-infected
hosts may die earlier. Further, when live traps were set, crab fragments were found around
the lairs of the norway rats in the area. This suggests that the crabs are one of the major food
sources of norway rats in the study area.

In other endemic areas of P. ohirai in Japan, the natural infection rate of the final host was
reported as follows: 7-35% in weasels in the Maruyama River area, Hyogo Prefecture, 47% in
weasels, 25% in badgers, 14% in wild boars, 8% in Japanese meadow mice (Microtus montebells)
and 0% in wood mice in the Izu area, Shizuoka Prefecture.

Comparing our own with these reports, the present infection rate of norway rats (50%) is
even higher than the highest rate for weasels in Shizuoka Prefecture (47%) and much higher than
those of other final hosts including the Japanese meadow mouse and wood mouse. Norway rats
feed not only on cereals but on fish, birds and insects, while wood mice have a mainly vegetation
diet, such as the bark of young trees. It would therefore seem that the present difference in the
natural infection rate between norway rats and wood mice is due to their differing food habits.

The present survey for rats revealed for the first time that the norway rat is one of the final
hosts of P. ohirai in the areas along the 3 rivers, Ibi, Nagara and Kiso.

CONCLUSIONS

A parasitological survey of P. ohirai was carried out for the 1st intermediate host in the



areas along 3 rivers, the Ibi, Nagara and Kiso in the Tokai district, central Japan. The fluke was
confirmed to heavily infect the snail A. parasitologica and the norway rat R. norvegicus in the
survey areas. Considered together with the previous study on the 2nd intermediate host, it
was clarified for the first time that P. ohirai in these areas inhabits the snail A. parasitologica as
the 1st intermediate host, the crabs S. dehaani and S. intermedia as the 2nd and the rat R.
norvegicus as the final host.

REFERENCES

1) Bliss, C. L. and Fisher, R. A. (1953): Fitting the negative binomial distribution to biological data and
note on the effective fitting of the negative binomial, Biometrics, 9, 176-200

2) Iwata, S. and Nagayoshi, K. (1985): The species name of Paragonimus in Japan, J. Kurume Med.
Assoc., 48, 383-396 (in Japanese)

3) Matsuo, K. and Makiya, K. (1985): Ecological studies on the lung fluk, Paragonimus ohirai Miyazaki,
1939. I Infection rate of P. ohirai metacercariae in brackish water crabs collected from the six rivers
in the Tokai district, central Japan, Jap. J. Trop. Med. Hyg., 13, 307-313

4) Miyamoto, M. (1961): Studies on Paragonimus and Paragonimiasis in the northern District of Hyogo
Prefecture. Part II. An ecological studies on Paragonimus ohirai Miyazaki, 1939 in its endemic area
along the banks of the Maruyama River, J. Kyoto Pref. Univ., 69, 1669-1683 (in Japanese)

5) Yokogawa, M., Yoshimura, H., Sano, M. and Suzuki, S. (1957): Paragonimus ohirai in the southern
Izu district, Tokyo Lji Shinshi, 74, 403-406 (in Japanese)

6) Yoshida, Y. and Miyamoto, M. (1959): Studies on a first intermediate host, Assiminea parasitologica
Kuroda, 1958 (“Paludinella devilis” of Yokogawa and Koyama et al. non Gould), of Paragonimus ohirai
Miyazaki, 1939, Jpn. J. Parasitol., 8, 122-129 (in Japanese)

KPRt B o) RE S HATF 98

I RighOEEN, BRI, KENGISRES A
%% b ICA X INTBIT 5RO P&

RREAB - KER #°

19834E10A 2° 5 19854E10 A DfIC, FHEBICECZE, BHETOHEE), ERI, ABo@mO
FBIZERTAENA, FXIXOVWTKERBROBRE 21T o720 TS HATRELZLVY FY
TH Y a vES, 05EEERKRL, £05 b, EE), KGN 1Eh SR ELIL L) 7 ERE
Lo CO2HEICBIIABREFIIENEN, 0.45%, 0.48%Th o720 F X ITDOVTIE, 3l
WA F7AXIEH8H, 7THAXIGHOELYMWBEL CHB LA, F7AXITIEI8HOBEAA X
I OfiA &AM B ET0EE, 1HOKREHA X I OSSR BE ] BHEELBRIB LY, 741X
IRITRTEUTH o7 BROYZOBERSNISEDON 4, 3 XIDHREERESS, 37
OB DILR % KEMBE RS A IIZBNT, FEOEFELICE 1 FHBEL LAY YNy THF
Vaw, B2HEBIEELTCIURY S, RuFy 4 Hs, BFEEELTRIRAXINFEESLTWES
ZENHOTHLPIZR -T2,

1 BEZERREEREFEFTBERYERE 2 EXEHKFESYFHRE




Japan. J. Trop. Med. Hyg., Vol. 15, No. 1, 1987, pp. 7-15 7
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Abstract: An epidemiological survey was performed in a leishmaniasis-endemic area along
highway which was established about 15 years ago on the Andean slope of Ecuador; the area
ranged from 300m to 1,500 m above sea level. In general survey, 64 (14.3%) of the 446
subjects examined were positive for leishmanial signs. In order to know leishmanial infections in
relation to the altitudes of dwelling sites of subjects, analysis was made on 224 children with 5 to
15 years of age. At 4 different sites with 500 m, 1,000 m, 1,300 m and 1,500 m above sea
level, the infection rates of the subjects from the individual sites were 17.4, 18.8, 5.6 and 8.8%,
respectively. A statistically significant difference was recognized between the altitudes, 500-
1,000 m and 1,300-1,500 m (0.01<p<0.05, ¥2=5.314), but not between 500 m and 1,000 m
and between 1,300 m and 1,500 m. Leishmanial infections of the children who came from forest
and highway areas were compared in each altitude. But no significant difference was found
between forest and highway dewellers at any study sites.

INTRODUCTION

In Ecuador, transmission of American cutaneous and mucocutaneous leishmaniasis occurs in
rural populations living in bilateral regions of the Andes mountains from the lowlands to highlands
up to the elevation of 2,000 m. The disease is widely spread in most provinces and is a
considerable public health problem in the country. In the endemic areas, however, little
epidemiological study has been done on the community base, and no control measure has been
applied to reduce or interrupt the transmission of the disease. For a future control, it would be
necessary to clarify the epidemiological features in each endemic area of lowlands and highlands.

New World cutaneous or mucocutaneous leishmaniasis is more difficult to control than is
those of Old World, since it is principally a disease of wild mammals in the dense forest, and
numerous reservoir hosts are arboreal; thus, in most endemic areas, reservoir-vector control is
almost impossible (Marinkelle, 1980). At present, the only alternative measure for the control

1 Department of Parasitology, Kochi Medical School, Nankoku City, Kochi 781-51, Japan

2 Departamento de Parasitologia, Instituto Nacional de Higiene y Medicina Tropical, Apartado 3961, Gua-
yaquil, Ecuador, S. A.

3 Department of Parasitic Diseases, Kumamoto University School of Medicine, Honjo, Kumamoto 860,
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4 Department of Clinical Pathology, School of Medicine, Nihon University, Ohtaniguchi, Tokyo 173, Japan



in most parts of the neotropics seems to be evacuation of the entire human population from
potentially dangerous areas, but such measure is inconceivable because of political, socioecono-
mic and logistic reasons (Marinkelle, 1980). Under such circumstance, it would be worthwhile
to evaluate the effect of environmental changes in relation to the transmission of leishmaniasis.

The present paper deals with the resuslt of an epidemiological survey performed in different
altitudes of leishmaniasis-endemic areas with 300 m to 1,500 m above sea level. In the area,
migration of inhabitants occurred from forest area to the vicinity of highway which was con-
structed on the Andean slope about 15 years ago. The leishmanial infections, therefore, were
also compared between forest and highway dwellers, in order to know the effect of change in the
life mode of the inhabitants on the transmission.

MATERIALS AND METHODS
Study area

The study site is located in the Department of Cafiar on the south east of Ecuador, 2°30’
West longitude, and located on the Pacific slope of the Andes, ranging from 300 m to 1,500 m
above sea level. Two villages, Ocafia and Javin, in the above area are situated about 70 km
from Guayaquil City and established as agricultural communities along highway to Cuenca City.
A simplified sketch of the area is shown in Figure 1.

The paved highway with 10 meters in width was constructed about 15 years ago in the area
and it changed a mode of villager’s life, including agricultural systems. Before construction of
the highway, bananas and yucas were the main agricultural products in densely forested areas,
but they were replaced by sugar canes cultivated in largely deforested areas after the highway
construction. The highway supported not only the movement of villagers but also transporta-
tion of their agricultural products to major cities, such as Cuenca and Guayaquil. Thus, the
highway construction made a great environmental change of the endemic area of leishmaniasis.

Still, however, there were some surviving patches of natural dense forest which would
provide the breeding sites for vector sandflies and reservoir hosts of leishmaniasis. Such
limited patches are distributed in the one side of the highway, while on the other side there was a
continuous undisturbed dense forest through lowlands to highlands along highway (Photos. 1, 2
and 3).

The majority of dwellings in the study area were built along highway, but the remainings
were in forest areas. There was no livestock, but the people raised the dogs, cats, pigs, guinea
pigs and domestic fowls. Wild mammals (sloths, armadillos, opossums, rats and mice) and 2
species of man-biting sandflies, Lutzomyia trapidoi and Lu. hartmanni, were found in the area
(Hashiguchi et al., 19853, b, ¢).

Epidemiological examinations

In the inhabitants, the survey was performed by house visit, while it was done in children
with 5 to 15 years of age by visiting 4 study sites (schools), La Delicia (A, 500 m above sea
level), Ocaria (B, 1,000 m), Las Copas (C, 1,300 m) and Javin (D, 1,500 m). All the subjects
were interviewed about their life history, such as occupation, cultivation, migration and contact
history with sandflies, then examined clinically by well-experienced physician (E.A.G.L. and
V.V.C.) to find ulcers (active lesions) and scars (cured lesions) of leishmaniasis. When they had
active lesions, tissue samples were taken from the margin of ulcers for microscopic examina-
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Figure 1 A simplified sketch of the study sites in the Department of Cafiar, Ecuador. A, La Delicia (500 m
above sea level); B, Ocafna (1,000 m); C, Las Copas (1,300 m); D, Javin (1,500 m).
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Photo. 1 - Showing 4 houses (arrows) along mghWaym the study site (highway dwellers). ,
Photo. 2. Showing fields of sugar cane cultivation and remaining patches of natural (primary) forest.
' Arrows on the above side show 3 houses in forest area (forest dwellers).
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tions. The location, size, onset and duration of lesions were recorded.

With regard to the subjects with scars, the diagnosis was determined only clinically, i.e.,
mainly based on the type and localization of the scars, duration of the lesions and contact history
with sandflies; the chronic leishmanial ulcers resulted in a thin, depigmented scar (Photo. 4).
The villagers have been calling leishmaniasis as llaga de montania and sandflies, manta blanca in
Spanish, respectively.

The causative agent of these cutaneous and mucocutaneous leishmaniasis in Ecuador has
been considered Leishmania braziliensis s.l., based mainly on the clinical manifestations, be-
havior and localization of the organisms in sandfly vectors and growth in cultures.

REsuULTS

In the inhabitants from whole area, the positive rates with leishmanial signs were arranged
by age and sex in Table 1. In a total of 446 subjects examined, 64 (14.3%) were found to be
positive for leishmanial signs. No marked difference was recognized between both sexes in the
positive rates.

In Table 2, leishmanial infections of 224 children with age 5 to 15 years in the total ex-
aminees were arranged by the altitudes of their dwelling sites. The data revealed a statistically
significant difference between altitudes, 500-1,000m and 1,300-1,500m above sea level
(0.01<p<0.05, ¥2=5.314), but not between 500 m and 1,000 m and between 1,300 m and
1,500 m. The result, therefore, suggested that the intensity of transmission was markedly
influenced by the altitudes of dwelling sites in the endemic area.

To evaluate the intensity of transmission, the above 224 children were reanalyzed between
forest and highway areas (Table 3). They were divided into the following two groups; 1) forest
dwellers who have or had experience living in forest area, that is, those who settled down or

Table 1 Leishmanial infections among 446 inhabitants arranged by age and sex in the Depart-
ment of Cariar, Ecuador

A Male Female Total
ge
No. examined +* %  No. examined + % No. examined + %

-10 110 12(4) 10.9 109 12(3) 11.0 219 24(7) 11.0
11-20 77 14(3) 18.2 70 12(1) 17.1 147 26(4) 17.7
21-30 16 4(1) 25.0 19 3 15.8 35 7(1) 20.0
31- 19 2 10.5 26 . 5 19.2 45 7 15.6
Total 222 32(8) 14.4 224 32(4) 14.3 446 64(12) 14.3

* Positives with leishmanial scars or ulcers; the number in parentheses shows positives with
active lesions (ulcers).

Photo. 3 A house constructed in the vicinity of highway (1,000 m above sea level), but surrounded by dense
forest (arrow in Figure 1). A considerable number of sandfly was collected around the house.
All the persons of this family, 8 in total, had already suffered from leishmaniasis, showing the
typical scars.

Photo. 4 A typical leishmanial scar (arrow) found on the forearm of a 34-year-old female who lives in the
house shown in Photo. 3.
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Table 2 Leishmanial infections of 224 children, 5-15 years old, arranged by altitude of dwell-
ing sites in the Department of Canar, Ecuador

Altitude* . Positives with leish—***
(in meters) Schools** No. examined manial signs (%)
500 A 46 8 (17.4)
1,000 B 85 16 (18.8)
1,300 C 36 2 (5.6)
1,500 D 57 5 (8.8)

* Altitude above sea level.
** A, La Delicia; B, Ocafa; C, Las Copas; D, Javin.
% Statistically significant difference between the altitudes, 500-1,000 m and 1,300-1,500 m
(0.01<p<0.05, x*=5.314), but not between 500 m and 1,000 m and between 1,300 m
and 1,500 m.

Table 3 Leishmanial infections of 224 children, 5- 15 years old, arranged by their dwelling
sites in forest and highway areas in the Department of Cafiar, Ecuador

Positives with leish—

Children i
from Schools* No. examined manial signs (%)

A 27 6 (22.2)
B 34 5 (14.7)
Forest C 36 2 66
D 11 1 1
Total 108 14 (13.0)
A 19 6 (31.6)
B 51 11 (21.6)

Highway C 0 -
D 46 4 8.7
Total 116 21 (18.1)
Total 224 31 (13.8)

* A, La Delicia; B, Ocafia; C, Las Copas; D, Javin.

lived in the past in forest area, 2) highway dwellers who were born at or immigrated from
non-endemic area to highway area. No statistically significant difference was recognized be-
tween forest and highway dwellers in each study site of A, B, C and D.

The localization and number of lesions were examined in 52 subjects with leishmanial scars.
Of 110 scars found, 40.9% were in the face, 30.0% in the upper extremities, 26.4% in the lower
extremities and 2.7% in the trunk. The majority of scars measured less than 15mm in dia-
meter. Only 12 persons (2.7% of the total examinees), 8 males and 4 females, had 1 to 8 ulcers
in the cheek, ear and upper or lower extremities. In interviews, the duration of ulcer ranged
from 1 month to 2 years; the lesions measured between 4 mm and 32 mm in diameter.
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DiscussIoN

In our previous study in the Pacific slope of the Andes in Ecuador, 15.8% of the examinees
were positive for active leishmanial lesions and 60%, for leishmanial scars (Hashiguchi et al.,
1984). The present study showed rather low intensity of the transmission, in the Department
of Cafiar, Ecuador. :

In the examination at 4 sites with different altitudes, the prevalences were higher at 500 m
(17.4%) and 1,000 m (18.8%) above sea level than 1,300 m (5.6%) and 1,500 m (8.8%). The
fact is quite noticeable in connection with the infection of sandfly vectors with leishmanial pro-
mastigotes. In this area, Hashiguchi et al. (1985c) examined natural infections with the parasites
in man-biting species of sandflies, and reported that the infection rate of Lu. hartmanni was
5.9% at 350-600 m, 3.8% at 950 m, 2.3% at 1,200-1,500 m and 0% at 2,000 m, while the other
sandfly, Lu. trapidoi, was positive for the parasites at only one site of 350-600 m (8.1%),
showing a markedly reduced number of fly catches at higher sites. These results indicated that
leishmanial transmission in the Andean slope was greatly influenced by the altitudes of dwelling
sites, and also that the intensity of transmission would be very low at higher lands of 1,300 m or
over.

By the data analysis of 224 children, the prevalence of leishmaniasis was compared between
forest and highway dwellers revealed no marked difference between two groups. The result,
therefore, suggested that there might be no remarkable difference between forest and highway
areas, in terms of the intensity of leishmaniasis transmission in the present endemic area. This
might be due to the existence of primary forest along highway or the remaining patches of natural
forest around dwellings, which would play a role as the breeding sites for the vector and
reservoir of the disease. In Panama, an insular effect resulting from clearance of primary forest
which surrounded a settlement, guarded properly the community against leishmanial infection
prevalent in the nearby forest (Herrer et al., 1976). To reduce the transmission in the present
area, a further clearance of the forested areas would be necessary.

The localization of lesions in the subjects examined mostly agreed with that reported by
Rodriguez and Aviles (1953) and Hashiguchi et al. (1984) from Pacific coastal regions of Ecuador,
but greatly differed from that in Amazon regions of the country, where 60% of the lesions
observed were in lower extremities (Amunarriz, 1982). This discrepancy might be caused by
the difference of biting behavior of sandflies or clothing habits of inhabitants between the two
regions.
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CHANGES OF BLOOD OXYGEN AFFINITY IN
FANSIDAR-TREATED MICE INFECTED
WITH PLASMODIUM BERGHEI
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Abstract: Changes of blood oxygen affinity in mice infected with Plasmodium berghei and
treated with Fansidar (20 mg/kg body weight sulfadoxine and 1 mg/kg body weight pyrimetha-
mine orally) were observed. When 5-weeks-old male mice were inoculated intraperitoneally
with 107 of P. berghei-infected red cells and treated with Fansidar on day 5 after inoculation, 67%
of the animals survived. Parasitemia decreased and abnormal values of glycolytic intermediates
began to recover following Fansidar administration. However, hemoglobin content still de-
creased on day 2 of the treatment, and methemoglobin fraction increased on days 1, 2, 3 and 4.
Blood oxygen affinity increased markedly on days 2 and 3. These findings suggested aggrava-
tion of the host’s hypoxic state on day 2 of the treatment.

INTRODUCTION

Malaria is relatively easy to cure if treated properly on the basis of early diagnosis.
However, delay in the onset of treatment, especially for falciparum malaria, causes a higher level
of parasitemia, severe complications and sometimes death of the host. Furthermore, death of
patients with markedly decreased parasitemia following antimalarial treatment have been re-
ported (Devakul ef al., 1966; Stone ef al., 1972), but its mechanism is not yet understood.

The pathophysiology of falciparum malaria is considerably complex. Most organs are re-
ported to be involved in this infection, and many factors contributing to dysfunction of these
organs have been enumerated (WHO, 1980; Bruce-Chwatt, 1980). Tissue hypoxia is thought
to be one of the main causes of severe complications (Hall, 1977). We have already reported
that the decrease in blood oxygen affinity in the course of Plasmodium berghei infection in mice
may be a compensatory mechanism for tissue hypoxia resulting from malaria (Ohtomo et al.,
1982).

In this study, we intended to clarify the effect of treatment on blood oxygen affinity in P.
berghei infected mice. We used Fansidar as an antimalarial drug because it is effective in a
single dose and has clear action of only blocking the 2 sequential stages of the pathway leading to
tetrahydrofolate (Donno, 1974; Weidekamm et al., 1982). '

MATERIALS AND METHODS

Male mice of ddY strain, 5 weeks old, were used in this study. Plasmodium berghes, strain
NK65, has been maintained in our laboratory by injecting a dilute suspension of infected blood

Department of Parasitology, Gifu University School of Medicine, 40 Tsukasa-machi, Gifu 500, Japan
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into mice from the corresponding strain every week. Blood was collected from an infected
mouse by cardiac puncture using heparin as an anticoagulant, diluted with saline to yield 1103
infected red cells/ml, and 0.1 m/ of this suspension was injected intraperitoneally. The time
interval between exsanguination and inoculation was less than 1 hour. Mice were kept at 24—
26°C and 40-60% humidity and exposed to a photoperiod of 12h light and 12 h darkness.
Under these conditions, mice died 6-7 days after inoculation.

In the initial trials, designed to evaluate the time of treatment, 3 groups of 6 mice each
were infected. Fansidar (F. Hoffmann-La Roche, Switzerland) was dissolved in distilled water
and administered orally (1 mg pyrimethamine and 20 mg sulfadoxine/kg body weight) on day 4
after inoculation to group 1, day 5 to group 2, and day 6 to group 3, respectively (Ferraroni and
Speer, 1982). The course of the infection was followed by determining parasitemia and reticulo-
cyte count daily first by new methylene blue- followed by Giemsa-stained blood smears from the
tail vein.

In the present study, the mice were inoculated with P. berghe: and treated with Fansidar on
day 5 of infection. Eleven mice each were anesthetized with pentobarbital sodium (50 mg/kg
body weight intraperitoneally) on days 0, 1, 2, 3, 4, 5 or 6 after Fansidar treatment, and whole
blood was collected into heparinized syringes from the carotid artery within 5 minutes. Para-
sitemia was determined on Giemsa-stained thin blood film. Total hemoglobin concentration was
measured by the cyanmethemoglobin method and methemoglobin fraction according to the KCN
addition method (International Committee for Standardization in Haematology, 1978; Zwart et al.,
1981). Hematocrit was determined by means of a microhematocrit centrifuge. Oxygen
equilibrium curve (OEC) of whole blood was measured at 37°C on a Hem-O-Scan analyzer
(Aminco Co., USA), and blood oxygen affinity was expressed as the half-saturation pressure
values at actual pH i vivo (Pso act pH). The Hill-coefficient #» was obtained by linear regression
analysis of log [y/(1—y)] vs. log Po,, where y is O, saturation for the data points of the OEC (O,
saturation=30, 35, 40, 45, 50, 55, 60, 65 and 70%). Whole blood pH was measured im-
mediately at 37°C with a glass electrode. 2, 3-Diphosphoglycerate concentration was deter-
mined according to a modified kit (No. 148334; Boehringer Mannheim GmbH, F. R. Germany) of
the enzymatic end-point method. Blood adenosine triphosphate (ATP) concentration was deter-
mined by means of the luciferase reaction with a CHEM-GLOW (Aminco Co.) (Chapman et al.,
1971). Concentrations of blood glucose, pyruvate and lactate were determined according to a
modified kit (Nos. 124028, 124982 and 124842; Boehringer Mannheim GmbH).

RESULTS

Fansidar treatment on day 6 of Plasmodium berghei inoculation resulted in 100% mortality in
mice 1-2 days after treatment. Sixty-seven percent of mice treated on day 5 and 100% of
those on day 4 survived more than 10 days after treatment (Table 1). Parasitemia decreased
following treatment compared with increasing in untreated subjects. Simultaneously, polychro-
matophilic erythrocytes in the peripheral blood began to increase and significant reticulocytosis
was observed from day 2 after treatment (p<<0.05). When Fansidar was given on day 5, most
of the parasites appeared to have degenerated on day 2 of treatment, and parasitemia became
undetectable on day 4. Reticulocyte count reached its peak on day 5 after treatment, although
uninfected controls remained low (Table 1).

Parasitemia of mice sacrificed for measurement (Table 2) were much the same as above.
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Table 1 Time course of changes in parasitemia and reticulocytosis of mice treated with Fansidar 4
and 5 days after Plasmodium berghe: inoculation

Day of Fansidar Days after Fansidar treatment
treatment 0 1 2 3 4 5 6 8 10
No. of surviving mice 6 6 6 6 6 6 6 6 6
o %4 75 17 0 0 0 0 0 0
4 days after Parasitemia (%)
4 days aite 450 +1.6 +0.5 0 +0 +0 +0 +0 +0
. 0.5 34 6.0 10.0 237 285 196 159 117
Reticulocyte (%) +0.2 +0.6 +1.3 +1.3 +6.0 +4.2 +2.9 +1.3 +2.0
No. of surviving mice 6 4 4 4 4 4 4 4 4
' o 627 417 107 24 0 0 0 0 0
5 days after Parasitemia (%)
 days aftc 422 +58 429 +1.0 40 40 +0 40 +0
. 0.4 41 156 179 201 352 310 209 8.9
Reticulocyte (%) 401 +0.5 +1.6 +3.3 +4.1 164 +3.5 +4.2 +0.2
No. of mi
Uninfected o gs 29 (256 37 39 27 36 27 21
contros . . . . . . . . .
Reticulocyte (%) +0.1 +0.2 +0.2 +£0.3 +£0.3 +0.3 +0.2 +0.3 +0.4
Urintected and No. of mice 6 6 6 6 6 6 6 6 6
ansidar treate . 29 32 27 32 26 29 27 29 29
controls  Reficdlocyte (%) 4574 403 103 £0.3 +0.3 0.3 +0.2 +0.4 +0.4

Values are means + SE of surviving mice.

Table 2 Hematological data of mice infected with P. berghei and treated with Fansidar on day 5 of

infection
Uninfected controls Days after Fansidar treatment
No Fansidar
treatment treatment 0 1 2 3 4 5 6
L 655 437 126 15 0 0 0
Parasitemia (%) - -~ 426 +50 +14 +0.7 +0 +0  +0
Hb (g/d) 12.8 12.7 72 74 46 57 65 7.6 99
+0.2 +0.2 +03 +04 +0.2 +0.7 +0.3 +0.6 +0.3
Ht (%) 40.5 40.8 257 254 169 20.6 256 284 36.6
° +0.7 +0.6 +1.1 +11 408 +1.8 +14 +1.8 =+0.7
317 31.2 27.9 292 274 212 257 269 271
MCHC (%) +0.2  +0.3 406 +05 +0.7 +1.0 +0.5 +07 0.5

Values are means + SE for 11 sacrificed mice each.. Hb, hemoglobin; Ht, hematocrit;
MCHC, mean corpuscular hemoglobin concentration.

Hemoglobin content and hematocrit decreased on day 2 of treatment and then increased from
day 3 as summarized in Table 2. No significant changes were seen in the parameters of the
uninfected controls after the administration of Fansidar. Methemoglobin fraction elevated on
days 1 (9.3+1.0%, mean+SE, n=6), 2 (13.8+3.2%), 3 (9.6 +2.9%) and 4 (13.6 +2.3%) after
treatment compared to days 0 (5.4+0.9%), 5 (5.9+1.8%) and 6 (4.31+1.5%), and uninfected
controls and uninfected-Fansidar-treated ones showed 0.8 +0.1% and 0.9+0.1% respectively.
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Mean corpuscular hemoglobin concentration (MCHC) remained lower from day 0 to day 6
compared to uninfected controls (p<0.01) and reached its lowest level on day 4. P act pH,
reflecting blood oxygen affinity, increased dramatically on day 1 of treatment compared to
uninfected controls and day 0 (p<<0.01). Then, it diminished on days 2 and 3 (p<<0.001) (Table
3). Table 3 also presents the Hill's # value reflecting the slope of the OEC, showing an increase
after treatment (p<C0.001). Changes in red cell 2, 3-DPG and ATP concentrations and in blood
pH are also shown in Table 3. Red cell ATP concentration began to increase from day 1 of
treatment and 2, 3-DPG from day 2. Although blood pH continued to be decreased on day 1, it
returned abruptly to within normal limits on day 2. Concentrations of glycolytic intermediates
are summarized in Table 4. Blood glucose concentration, which had decreased on day 5 of
infection to about one third of uninfected controls, began to increase after Fansidar treatment.
In contrast, blood pyruvate and lactate concentrations increased after the infection and remained
high up to day 1 of treatment but began to decrease from day 2.

Table 3 Mean values and SE (n=11) of parameters measured in mice infected with P. berghei and
treated with Fansidar on day 5 of infection

Uninfected controls Days after Fansidar treatment

No Fansidar
treatment treatment  © 1 2 3 4 5 6

40.0 41.0 527 615 47.8 43.8 424 433 444

Pso act pH (Torr) +0.2  +05 +11 +2.6 +1.6 406 +1.0 +09 +12
Hil's » 3.02 299 287 303 321 325 310 313 3.22
40,01 4001 4003 +0.02 +0.04 +0.03 +0.05 +0.03 +0.08

28.9 30.2 158 13.8 2.8 261 239 222 231

2, 3-DPG (xM/gHb) +1.0 +1.2 425 +20 +1.5 +08 +12 +10 +L0
5.8 57 49 64 82 93 106 94 90

ATP (uM/gHb) +0.1 401  +01 +03 +04 +07 404 +05 =+0.3
Blood oH 7.43 742  7.06 7.08 7.39 7.41 741 7.41 7.43
P +0.01  +0.01 +0.04 +0.06 £0.01 +0.01 +0.01 +0.01 +0.01

Ps, act pH, partial pressure of oxygen at 50% oxyhemoglobin saturation (actual pH, temp=237°C); 2,
3-DPG, 2, 3-diphosphoglycerate. Hill's # values are calculated by linear regression analysis of log
[y/(1—y)] vs. log Po,, where y is O, saturation.

Table 4 Concentrations of glycolytic intermediates before and after treatment of P. berghei-infected
mice with Fansidar on day 5 of infection

Uninfected controls Days after Fansidar treatment

trealgr(l)lent tf::t?:?;r{t 0 1 2 3 4 5 6
Glucose (M) Jo8 404 404 +13 £06 +07 405 +05 04
Pyruvate (mM/}) £001  +£0.01 4007 +0.04 £0.04 003 +0.01 £0.05 +0.09
Lactate (mM/1) £03 402 404 +08 04 409 +13 418 +04

Values are means + SE for 6 sacrificed mice each.
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DiscusSION

Plasmodium falciparum causes severe infection in humans, because it invades red cells of all
ages and multiplies rapidly. If patients are not provided with rapid diagnosis and treatment,
they may expire due to severe complications.

We have studied the pathophysiological significance of hypoxia in malaria using experimental
animal models. The present study was designed to clarify more accurately the mechanism
leading to death when treatment is delayed. We investigated blood oxygen transport in mice
treated with Fansidar on day 5 after P. berghei inoculation, and 67% of the mice treated on day 5
survived compared with a 100% survival rate for those treated on day 4 in the initial study.

Hemoglobin concentration decreased on day 2 of Fansidar treatment although parasitemia
decreased following treatment. Such a reduction in hemoglobin concentration after treatment
against acute malarial infection has been widely accepted (Devakul et al., 1966; Abdalla et al.,
1980). To make matters worse, in this situation, methemoglobin fraction increased after Fansi-
dar treatment. It is suggested that the oxygen supply to the tissues decreased due to the
presence of methemoglobin in the red cells which causes not only a loss of oxygen binding
capacity in the blood but also a decrease in oxygen unloading from the bood (Darling and
Roughton, 1942). P, act pH markedly increased on day 1 of treatment and began to decrease
from day 2, although it remained higher compared to uninfected controls. Such a decrease of
affinity is an unfavorable change in the blood oxygen supply. In contrast, Hill's #, reflecting the
slope of the OEC, increased after treatment. This change appears to be somewhat advan-
tageous to blood oxygen transport. Considerisng the available hemoglobin content, however,
the blood oxygen-supplying capacity seems to be lowest on day 2 of treatment. It is suggested
that this might be one explanation for sudden death of falciparum malaria patients after parasite-
mia has decreased markedly following chemotherapy (Devakul et al., 1966; Stone et al., 1972).

Reticulocyte count began to increase following treatment. This may be a reaction of the
body after successful treatment of an anemic situation, and also be due to the decrease in P.
berghei which preferentially invades reticulocytes (Biingener, 1979). An increase in hemoglobin
content followed this compensatory reticulocytosis, and anemia gradually vanished. A rapid
increase in red cell 2, 3-DPG concentration after treatment may be due to a higher concentration
of 2, 3-DPG in the increased younger erythrocytes (Mairbdurl et al., 1983).

Blood glucose concentration increased from day 1 of treatment, possibly resulting from
inactivated glycolysis caused by the parasites subsequent to the decrease in parasitemia (Home-
wood, 1977; Homewood and Neame, 1983). However, blood pyruvate and lactate concentra-
tions remained high on day 1 and began to decrease from day 2. This may have been due to the
parasites still present in the blood, and also partly to the inability of the host to reduce them
because malaria causes reduction in renal microcirculatory flow, hypoxemia, tissue hypoxia and
hepatic dysfunction (WHO, 1980; Hall, 1977). Lactate accumulation in the tissue, especially in
the brain which is protected by a blood-brain barrier (Pardridge and Oldendorf, 1977), may
persist longer than in the blood following treatment. Although blood lactate concentration still
remained high on day 2, blood pH increased to 7.39. It is suggested that the carbonic acid-
bicarbonate buffer system may play an important role in normalizing blood pH. Such an increase
in pH may help to account the decrease in Psy act pH (Bellingham et al., 1971). It should be
borne in mind that correction of blood pH of a malaria patient may cause tissue hypoxia by

increasing blood oxygen affinity.
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DECREASE TREND IN PROPORTIONS OF HEPATITIS
B SURFACE ANTIGEN CARRIER IN CHRONIC
HEPATITIS, CIRRHOSIS AND CIRRHOSIS
WITH HEPATOCELLULAR CARCINOMA

MasacHIKA SENBA!, Tsuyosui NakamuraZ anp HiDEvo ITAKURA!
Received September 11 1986/Accepted January 19 1987

Abstract: Histopathological analysis was carried out to determine whether hepatitis B
surface antigen with the autopsy diagnoses of chronic hepatitis, cirrhosis and/or hepatocellular
carcinoma declined between the 1964-1973 and 1974-1983 decades. In this study, the liver
specimens from 422 autopsy cases at Nagasaki University Hoépital were used. All of the 17
cases of acute hepatitis were hepatitis B surface antigen negative. Hepatitis B surface antigen
positive rates in chronic hepatitis and hepatocellular carcinoma showed minor changes during
1964-1983. On the other hand, proportions of hepatitis B surfce antigen carriers in cirrhosis
and cirrhosis with hepatocellular carcinoma in the recent decade 1974-1983 were found -to
decrease compared to the last decade 1964-1973. However, the difference of the hepatitis B
surface antigen positive rates in cirrhosis with hepatocellular carcinoma between the 2 periods
was marginally significant, but not significant in cirrhosis. A possible explanation may be that
many cases of posttransfusion hepatitis in the latter decade are not caused by hepatitis B virus.

INTRODUCTION

The most plausible explanation for the increased risk of hepatocellular carcinoma is that the
acceleration of cellular replication that occurs in cirrhosis enhances the effects of many carci-
nogens, including hepatitis B surface antigen. Moreover, the oncogenic potential of hepatitis B
virus in the development of hepatocellular carcinoma has been reported (Sherlock et al., 1970;
Vogel et al., 1970; Charinuvati et al., 1975; Senba et al., 1984, 1985).

After the discovery of the Australia antigen (hepatitis B surface antigen) by Blumberg et al.
(1967), the subsequent demonstration by Krugman et al. (1967), and Prince (1968) that the
Australia antigen was specifically associated with type B hepatitis, it was widely assumed that
development of efficient screening tests would detect type B hepatitis infection carriers and
make possible the eradication of the problem of posttransfusion type B hepatitis by preventing
transfusion of hepatitis B virus positive blood. In Nagasaki University Hospital, hepatitis B
surface antigen screening test has been performed since 1974. Therefore, the objective of this
study is to see whether hepatitis B surface antigen positive rates in chronic hepatitis, cirrhosis,
and cirrhosis with hepatocellular carcinoma have changed or not between the 1964-1973 and
1974-1983 decades.

1 Department of Pathology, Institute of Tropical Medicine, Nagasaki University, Nagasaki 852, Japan
2 School of Medical Health Technology, Nagasaki Univesity, Nagasaki 852, Japan
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MATERIALS AND METHODS

The liver specimens were collected at Nagasaki University Hospital from 422 autopsy cases
of various liver diseases, including acute hepatitis (17 cases), chronic hepatitis (40 cases),
cirrhosis (177 cases), cirrhosis with hepatocellular carcinoma (170 cases), and hepatocellular
carcinoma without cirrhosis (62 cases). The specimens were fixed in formalin, or sometimes in
Zenker’s formol and embedded in paraffin for histopathologic study. Sections were cut at 5
micron and stained with hematoxylin-eosin, resorcin fuchsin method for elastic fibers, Mallory’s
method for collagen fibers, silver impregnation method for reticulum fibers, and orcein method
for hepatitis B surface antigen (Senba, 1982). The criteria of Leevy et al. (1979) and Gibson
and Sobin (1978) were applied in assigning the diagnosis of cirrhosis an hepatocellular carcinoma
to the tissue.

Statistical calculation was performed using the BMDP (Dixon ef al., 1981) on the IBM 4341
system in the Data Center of A-bomb Disaster in Nagasaki University. The statistical method
for this study is the Pearson chi-square test for association in contingency table.

RESULTS

Table 1 shows the hepatitis B surface antigen positive results obtained by orcein staining.
All of the 17 cases of acute hepatitis were not hepatitis B surface antigen positive. On the other
hand, of the 26 chronic hepatitis cases in 1964-1973 and of the 14 in 1974-1983, 4 (15%) and 2
(14%) were hepatitis B surface antigen positive, respectively. As for the cirrhosis cases, 33
(33%) cases were hepatitis B surface antigen positive out of 100 in 1964-1973 and 8 (24%) out
of 33 in 1974-1983. As for the cirrhosis with hepatocellular carcinoma cases, 77 (71%) cases
were hepatitis B surface antigen positive out of 108 in 1964-1973 and 36 (58%) out of 62 in
1974-1983. Of the 21 and 41 hepatocellular carcinoma cases in 1964-1973 and 1974-1983, 5
(24%) and 11 (27%) were hepatitis B surface antigen positive, respectively.

Results of the statistical analysis on hepatitis B surface antigen, cirrhosis, and cirrhosis with
hepatocellular carcinoma are as follows: The Pearson chi-square test for the frequencies of
hepatitis B surface antigen positive in cirrhosis between the 2 periods showed Pearson y?=
0.345; and the Pearson chi-square test for the frequencies of hepatitis B surface antigen positive
in cirrhosis with hepatocellular carcinoma between the 2 periods showed Pearson y?=0.079,
respectively. Thus, the difference of the hepatitis B surface antigen positive rates in cirrhosis

Table 1 Proportions of hepatitis B surface antigen carriers in hepatitis cases, cirrhosis cases,
and hepatocellular carcinoma cases

1964-1973 1974-1983 Total
Acute hepatitis 0/10 (0%) 0/7 (0%) 0/17  (0%)
Chronic hepatitis 4/26 (15%) 2/14 (14%) 6/40 (15%)
Cirrhosis 33/100 (33%) 8/33 (24%) 41/133 (31%)
Cirrhosis with HCC* 77/108 (71%) 36/62 (58%) 113/170 (66%)
HCC* 5/21 (24%) 11/41 (27%) 16/62 (26%)
Grand total 119/265 (45%) 57/157 (36%) 176/422 (42%)

* HCC: Hepatocellular carcinoma
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with hepatocellular carcinoma between the 2 periods was marginally significant, but not signi-
ficant in cirrhosis.

DiscussioN

The landmark discovery of the Australia antigen (hepatitis B surface antigen) by Blumberg et
al. (1965) and the linking of this antigen to viral hepatitis (Blumberg et al., 1967) provided the
cornerstone for the rapid acceleration on our understanding of viral hepatitis in general, and
posttransfusion hepatitis in particular. The hepatitis B surface antigen positive cases were
increased by such antigen detection, but false-positive reaction occurred frequently (Hollinger et
al., 1973). Further specific methods were developed for recognition of other hepatits B virus
antigens (hepatitis B core antigen and hepatitis B e antigen). The introduction of sensitive
assays for hepatitis B surface antigen has resulted in marked reduction in the incidence of
posttransfusion hepatitis (Alter et al., 1975). Therefore, in this study, proportions of hepatitis
B surface antigen carrier in cirrhosis and cirrhosis with hepatocellular carcinorma in the recent
decade 1974-1983 were found to decrease compared to the last decade 1964-1973. The
decrease in the hepatitis B surface antigen positive rate from 45% to 36% suggests that infection
of type B virus caused by posttransfusion can be prevented in the latter decade. However, the
hepatitis B surface antigen positive rates in chronic hepatitis showed minor changes during 1964
1983. A possible explanation may be that high frequency of hepatitis B virus transmission from
the carrier mother to her infant has occurred.
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Abstract: Electron micrsocopic studies on the salivary glands of Aedes aegypti and Aedes
albopicuts mosquitoes infected with chikungunya virus showed vacuolization in the cells of this
organs and numerous chikungunya virions as crystalloid structures in intracytoplasmic area,
revealing the spherical particle of 55-69 nm in diameter and the electron-dense internal structure
of 41-48 nm in diameter. Virions were also found enormously in this apical cavities. No
findings of virus budding from the cell surface membrane of chikungunya infected mosquito’s
salivary glands were obtained.

INTRODUCTION

Chikungunya virlis, an alphavirus genus of Togaviridae, is widely distributed in Southeast
Asia and Africa. Aedes aegypti and Aedes albopictus are important vectors of this virus. In the
transmission of the virus, the salivary glands of these mosquitoes play especially an important
role in producing and maintaining a high titer of viruses throughout their life (Takahashi and
Suzuki, 1979). Experimental studies showed that there were wide variations in susceptibility
among different species of Aedes mosquitoes and different strains of the same species to transmit
chikungunya virus (Mangiafico, 1971; Tesh et al., 1976; McIntosh and Jupp, 1970; Yamanishi et
al., 1983). For the elucidation of the virus susceptibility, the growth of chikungunya virus in
salivary glands of Aedes aegypti and Aedes albopicuts were electron-microscopically studied.

MATERIALS AND METHODS
Mosquitoes

Aedes aegypti (Surabaya strain) from mosquitoes collected at an urban area of Surabaya, and
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Aedes albopictus (Malang strain) from mosquitoes collected at a rural area of Malang, Indonesia,
colonized in the first author S.S.’s laboratory since 1983, were used throughout this study.
Eggs of these colonies were transferred to Japan in 1986 and recolonized. Mosquitoes were
reared in an insectary maintained at 27°C, with 70-80% relative humidity and a 16: 8 hr (L : D)
photoperiod (Konishi and Yamanishi, 1986).

Virus
Chikungunya virus, African strain passaged in the BHK-21 monolayer cultures (Konishi and
Hotta, 1979), was used for infection of the mosquitoes.

Infection of mosquitoes

Eight- to 10-day old mosquitoes were infected by feeding on blood-virus-mixture at a titer
about 10”-? focus forming units (FFU) per m!/ (Soekiman ef al., 1986b). Fully-engorged females
were transferred to another cage and maintained with 0.7% sucrose. Mosquitoes on the 9th-
and 12th-day postinfection were used for the electron microscopic observation.

Electron microscopy

For the transmission electron microscopic observation, each of the mosquitoes of 9th- and
12th-day postinfection were anesthetized by chilling. The salivary glands attached to the head
were dissected in saline solution under a dissecting microscope. After washed with PBS, the
specimens were fixed in 2% glutaraldehyde for 1-12 hrs at 4°C and postfixed in 1% osmium
tetroxide for 2 hr, both in Millonig’s phosphate buffered saline. After dehydration in a graded
series of ethanol followed by toluene treatment, specimens were embedded in Epon 812 in
BEEM capsules (Nissin EM Co.) for senral cross sectioning. For easy observation of the
dissected mosquito’s salivary glands, embedding was performed as previously described (Soeki-
man ef al., 1986b). After thin sectioning were done with the Porter-Blum MT-2B ultramicro-
tome (Sorval), the sections were stained with uranyl magnesium acetate and lead citrate and
observed under a HS-9 electron microscope.

RESULTS

The proximal portion in the lateral lobe of salivary glands of Aedes aegypti showed a number
of enveloped chikungunya viruses accumulated in the apical cavity (Figure 1A). Microvilli also
protruded into the apical cavities (Figure 1B). At a magnification of 48,000 the diameter of
virions were between 55-69 nm with electron-dense internal structure of 41-48 nm. Especially
close to virion accumulated area (crystalloid structure), a large number of mitochondria were
seen clearly (Figure 2). Observation underneath the surface membrane of the lateral lobe cell in
the salivary glands of Aedes aegypti (Figure 3A) and Aedes albopictus (Figure 3B) showed en-
veloped chikungunya viruses clearly. No finding of the virus budding from the cell surface
membrane in these regions was obtained (Figures 3A, 3B). Precursor particles of chikungunya
virus (Higashi et al., 1967, Matsumura ef al., 1972) were not clearly observed in these salivary
glands.



Figure 1A Thin section of proximal portion in the lateral lobe of salivary glands of Aedes aegypt:
infected with chikungunya virus by oral feeding showed a numerous number of virions
in the apical cavity (Magnification: X 24,000; AC=apical cavity, M=mitochondria,
m=microvilli. Arrows show virions).

Figure 1B At a magnification of 48,000 the diameter of enveloped virions was between 55-69
nm, with electron-dense internal structure of 41-48 nm.  Arrows show virions (AC=
apical cavity, M==mitochondoria, m==microvilli).
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Figure 2 Close to the virion’s crystalloid structure, a numerous number of mitochondria were
clearly seen (Aedes aegypti salivary glands infected with chikungunya virus. Magnifica-
tion: X 21,000; M=mitochondria. Arrows show virion’s crystalloid structure).

Figure 3A Mature enveloped chikungunya viruses lined along underneath the cell surface mem-
brane (arrows), without any budding process (Aedes aegypti salivary glands; Magnifica-
tion: X 28,000).



Figure 3B Salivary glands of Aedes albopictus infected with chikungunya virus by oral feeding
showed mature virions underneath the cell surface membrane (arrows). No findings
of virus budding from this salivary glands were also seen. Magnification: X 36,000.

DISCUSSION

In Aedes aegypti and Aedes albopictus infected with chikungunya virus by oral feeding, the
titers of virus reached the peak on day 9 and 12, respectively (Soekiman et al., 1986a). Accord-
ing to these resuits, electron microscopic observations were carried out in the mosquitoes of
9th-day postinfection in Aedes aegypti and 12th-day postinfection in Aedes albopictus.

Under the electron microscopic observation, the infected salivary glands showed increasing
numbers of vacuoles. This vacuolization is a characteristic sign in mosquitoe’s salivary glands
infected with arbovirus by oral feeding, such as Japanese encephalitis virus in Culex tritaeniorhyn-
chus (Takahashi and Suzuki, 1979) and dengue type-2 virus in Aedes albopictus mosquitoes
(Sriurairatna and Bhamarapravati, 1977). This intensive vacuolization was also found in Aedes
albopictus cell cultures infected with dengue viruses (Ko et al., 1979) and Vero cell cultures
infected with chikungunya virus (Higashi et al., 1967).

Several reports have described chikungunya virus morphogenesis in cultured cells. In
mammalian cell cultures such as Vero and BHK 21 cells, infected with this virus, the cell surface
membrane was the site of the maturation process of the chikungunya virus (Higashi et al., 1967;
Matsumura ef al., 1972). Budding process can be seen commonly in this site and precursor
particle of viruses were found underneath the cell surface membrane and around the vacuoles in
the cytoplasma of the cells infected with the virus (Matsumura et a@l., 1972; Matsumura and
Hotta, 1978). Similarly cell-surface budding process was also seen in Vero, J-111 and IMR cell
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cultures infected with chikungunya or dengue type 1 viruses (Ohyama et al., 1977; Matsumura et
al., 1977) but it was not observed in BHK-21 cell lines infected with dengue type 1 and type 2
viruses (Hotta and Matsumura, 1979). Our study did not show virus budding from the cell
surface membrane of the salivary glands of Aedes aegypti (Surabaya strain) and Aedes albopictus
(Malang strain) infected with chikungunya virus. The observation in salivary glands of Aedes
albopictus (Oahu strain) infected with chikungunya virus also did not show the budding process
(Soekiman et al., 1986b). Additionally the crystalloid structures of the virion as seen in Vero
and BHK-21 cell cultures infected with dengue type 1 and type 2 viruses (Matsumura ef al.,
1971; Matsumura et al., 1977) were observed in the salivary gland of the infected mosquitoes.

The present study also showed that a numerous number of enveloped chikungunya viruses
can be seen well in the intracytoplasmic areas of the salivary glands, and also were densely
concentrated extracellularly in the apical cavities. Many mitochondria close to this crystalloid
structures of the virus indicate that the viral replication may need these intracellular organella as
the energy supplier (Hayashi, 1983). These results so far obtained suggested that in Aedes
aegypti (Surabaya strain) as well as Aedes albopictus (Malang strain) infected with chikungunya
virus, the virus maturation sites of salivary glands were intracytoplasmic membranous structure
such as cysternae of endoplasmic reticulum and vesicles as already shown in Aedes albopictus
(Oahu strain) salivary glands infected with chikungunya virus (Soekiman et al., 1986b), Vero cells
infected with dengue type 1 and type 2 viruses (Matsumura et al., 1971) and Culex tritaeniorhyn-
chus salivary glands infected with Japanese encephalitis virus (Takahashi and Suzuki, 1979).
After maturation of the virus in the cytoplasm of the salivary glands, the virions might be
released into the apical cavity by the normal secretion mechanism of saliva (Matsumura et al.,
1971; Matsumura and Yamashita, 1978). Electron-microscopically, there were no critical differ-
ences in the above-mentioned findings of the saliyary glands infected with chikungunya virus
between Aedes aegypti (Surabaya strain) and Aedes albopictus (Malang and Oahu strains). It has
not been clarified yet what does the difference of the maturation site of chikungunya virus
between i vivo salivary glands of mosquitoes and mammalian cell cultures mean in relative to the
ecology of this virus.
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TYPE 3 AND CHIKUNGUNYA VIRUSES IN
INDONESIAN COLONIES OF AEDES AEGYPTI
AND AEDES ALBOPICTUS MOSQUITOES

SoEDARTO SOEKIMAN*, Epr KonisHI AND TAKEO MATSUMURA
Received October 9 1986/Accepted January 9 1987

Abstract: The growth of dengue type 3 virus in 2 Indonesian colonies of Aedes aegypti
(Surabaya strain) and Aedes albopictus (Malang strain) was studied in the oral infection system,
compared with the growth of chikungunya virus in Aedes aegypti as a control. In all combinations
of the virus and the host mosquito, maximum mean titers were as high as about 10° to 10 FFU
per mosquito 8 to 12 days after infection. This result suggests that in addition to Aedes aegypt,
Aedes albopictus is a possible important vector involved in dengue hemorrhagic fever epidemics in
rural areas of Indonesia.

Dengue hemorrhagic fever (DHF) is a major health problem in Indonesia and other South-
east Asian countries (Hotta, 1978; Braude and Leelarasamee, 1981). Primarily DHF was one of
the urban diseases, with most cases reported from larger cities in Java Island such as Surabaya
and Jakarta, Indonesia. Since 1980, however, DHF epidemics have spread over smaller cities
and rural areas in all provinces except Timor Timur. Virological surveillance revealed that
dengue type 3 (DEN-3) virus, belonging to Flaviviridae, was the predominant virus isolated from
the sera of DHF patients (Sunoto et al., 1975; Gubler et al., 1979b). Aedes aegypti and Aedes
albopictus are common mosquito species in Indonesia. In urban areas, Aedes aegypti is a domes-
tic mosquito usually found indoors, while Aedes albopictus is widely distributed outdoors in rural
areas (Horsfall, 1955). A recent paper reported many breeding sites for Aedes albopictus out-
doors, also in urban areas (Oda et al., 1984). It is well known that there are wide variations in
susceptibility to experimental infection with such mosquito-borne viruses among different species
of mosquitoes and different strains of the same species (Gubler and Rosen, 1976; Tesh et al.,
1976; Gubler et al., 1979a; Eshita, 1982; Yamanishi ef al., 1983). Our preliminary studies have
indicated biological and ecological similarities between Aedes aegypti and Aedes albopictus collected
in Indonesia (Soekiman et al., 1984) and high susceptibility of both species to infection with
chikungunya (CHIK) virus, an alphavirus also distributed in this nation (Soekiman et al., 1986).
In the present paper, the growth of DEN-3 virus in orally infected Aedes aegypti and Aedes
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albopictus was studied, in comparison with the CHIK virus growth in Aedes aegypti.

The mosquitoes employed were a colony of Aedes aegypti established in 1983 from speci-
mens collected in Surabaya, an urban area of Indonesia, and a colony of Aedes albopictus originat-
ing from specimens collected in Malang rural area. Eggs of these colonies were taken to Japan
in 1985 and recolonized. Mosquitoes were reared in an insectary maintained at 27°C, with 70-
80% relative humidity and a 16: 8 hr (L. : D) photoperiod. Larvae were given a diet of mouse
pellets and adult mosquitoes were provided with 0.7% sucrose. DEN-3 virus, H87 strain, was
provided from the Department of Microbiology of our University at the 30th suckling mouse
brain passage. After passed twice more in this laboratory, the seed virus was obtained from
10% homogenate of infected brain specimens in phosphate-buffered saline (PBS). CHIK virus,
African strain (Konishi and Hotta, 1979), was also used in which the seed virus was the culture
fluid obtained from infected BHK-21 monolayer cultures.

Feeding experiments and subsequent preparation of mosquito samples were performed as
previously described (Konishi and Yamanishi, 1986). Four to 5 day-old adult female mosquitoes
were allowed to feed on a mixture of the seed virus and defibrinated sheep blood with an
infective titer of 10”7 FFU (focus forming unit) per m/ in DEN-3 virus and 1082 FFU per m!/ in
CHIK virus. At 2-day intervals, 5 to 12 mosquitoes of each species were homogenized in 2.0
m! of culture medium, centrifuged at 700X g for 5min, and then filtered through a 0.45 xm
membrane to remove contaminating bacteria. The filtrate was assayed for viral infectivity by
the indirect fluorescent antibody technique essentially based on the original focus-counting
method by Igarashi and Mantani (1974). The first antibody was the DEN-3 monoclonal anti-
body obtained from culture fluid of the 5D4 hybridoma cell line (Henchal et al., 1982) that was
provided from the Department of Microbiology of our University, and the mouse anti-CHIK virus
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Figure 1 Growth of DEN-3 virus in Indonesia colonies of Aedes aegypti (@) and Aedes albopictus () after
feeding on virus at 10”7 FFU per m/, compared with growth of CHIK virus in Aedes aegypti (A)
after feeding on virus at 1052 FFU per mi. Mean virus titer obtained from 5-12 mosquitoes per
pool was represented as FFU per mosquito.
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antiserum obtained as described elsewhere (Konishi and Takahashi, 1985).. The titer was ex-
pressed as FFU per mosquito.

The results are shown in Figure 1, where growth curves were obtained until 14 or 18 days
after infection. The virus titer in Aedes aegypti infected with DEN-3 virus was 10*¢ FFU on
day O (the datum immediately after feeding) and 10>° FFU on day 2, while in Aedes albopictus
infected with DEN-3 virus the titer decreased from 10*¢ FFU on day 0 to 10>® FFU on day 2.
The initial drop was remarkable in CHIK virus-infected Aedes aegypti in which titers on days 0
and 2 were 10%* FFU and 107 FFU, respectively. The titer of DEN-3 virus reached a max-
imum of 1082 FFU in Aedes aegypti and 107-° FFU in Aedes albopictus both on day 12, in contrast
to CHIK virus infection where the peak titer was 1049 FFU on day 9.

The initial drop observed in this study is consistent with other reports (Gubler et al., 1979a;
Yamanishi et al., 1983). On the 2nd day of oral infection, no virus was recovered from
hemolymph in CHIK virus-infected Aedes aegypti (Lanzen et al., 1970), and DEN-2 virus antigen
was limited to the posterior midgut cells of Aedes albopictus (Kuberski, 1979), suggesting the
presence of “gut barrier” in the mosquito midgut. Subsequent virus growth indicates that these
species were highly susceptible to experimental infection with DEN-3 and CHIK viruses. High
DEN-3 virus titers observed in Aedes aegypti and Aedes albopictus were similar to those reported
by Gubler and Rosen (1976) and Gubler et al. (1979a) with several geographic strains. Although
susceptibility of Aedes aegypti to oral infection with CHIK virus was relatively low in general
(Yamanishi and Konishi, data unpublished), the maximum titer obtained in this study was compa-
rable to those of DEN-3 virus in Aedes aegypti and Aedes albopictus. The present data strongly
support the opinion that Aedes aegypti is very important in the epidemiology of DHF as a potential
vector of DEN-3 virus (Gubler ef al., 1979b; Tan et al., 1981). However, it is also suggested
from the population distribution of Aedes mosquitoes in Indonesia that Aedes albopictus is another
important vector in DHF epidemics spreading over rural areas. Field studies including virus
isolation from this species and its feeding pattern should be performed to verify the epidemiolo-
gical importance of Aedes albopictus. Further studies to confirm the ability to transmit the virus
are now in progress including the electron microscopic observation of the virus maturation
process in the salivary gland of Aedes aegypti and Aedes albopictus.
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