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NATURAL INFECTIONS OF SIMULIUM BIDENTATUM
(DIPTERA: SIMULIIDAE) WITH LARVAE OF
ONCHOCERCA SPP., IN RELATION TO A HUMAN
ZOONOTIC ONCHOCERCIASIS IN OITA, JAPAN

HIROYUKI TAKAOKA!, MINORU BABA! AND ODILE BAIN?
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Abstract: A total of 579 wild female flies belonging to eight species of Simulium were
collected on human baits, in relation to the transmission of a human zoonotic onchocer-
ciasis found in Oita, Japan. Simulium bidentatum was the most dominant species. Natural
infections with filarial larvae were found in 11 of 449 S. bidentatum (or 6.5% of the parous
flies) and in 1 of 23 S. aokii (or 10% of the parous flies). All the infected flies had 1-4 either
first-, second- or early third-stage larvae in the thorax. Examination of third-stage
larvae shows that S. bidentatum is infected with at least two species of Onchocerca. Our
result represents the first record of natural Onchocerca infections in Japanese Simuliidae,
and also suggests the possibility of S. bidentatum as the potential vector of zoonotic
Onchocerca spp. to humans.

INTRODUCTION

Four human cases of zoonotic onchocerciasis have been reported from various areas of
the world (Azarova et al., 1965; Siegenthaler and Gubler, 1965; Beaver et al., 1974; Ali-Khan,
1977). An additional case was recently found in Oita, southern Japan (Hashimoto et al.,
1990). Examination of histological sections of a female nematode found suggested that, as
in all the previous cases, its morphological features resemble those of Onchocerca gutturosa
Neumann, 1910 and O. cervicalis Railliet et Henry, 1910 infecting cattle and horses respectively
(Beaver et al., 1989).

Several Onchocerca spp. including O. gutturosa and Q. cervicalis have been reported from
Japan (Sato et al., 1954; Suzuki et al, 1982). However, no transmission studies of these
filarial nematodes have been carried out, although biting midges (Culicoides spp.) or
blackflies (Simulium spp.) have been known as the vectors of certain Onchocerca spp.
elsewhere (Bain and Chabaud, 1986).
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The objective of this study is to investigate the transmission of zoonotic onchocerciasis
which may be acquired by humans. In this paper, we report natural Onchocerca infections of
S. bidentatum Shiraki collected in one of the suburban residential areas of the city of Oita,
where a human zoonotic onchocerciasis occurred.

MATERIALS AND METHODS

The patient infected with a zoonotic Onchocerca, a two-year-old Japanese girl, was an
inhabitant of Tabaru, one of the suburban residential areas (altitude ca. 30 m above sea level;
coordinates 131°35'E; 33°10°'N), situated in the western part of the city of Oita. It was
presumed that the zoonotic Onchocerca infection might have been acquired by this child at or
near her residential area, because, living in one of the housing complexes (ca. 0.01 km?), she
used to spend her time with her mother during the daytime at the recreation ground (ca.
1,200 m?) located on the west within their premises, and had never left the city, according to
her mother. It was therefore attempted to collect biting midges or blackflies at the corner of
this recreation ground. Adjacent to this place on the west lies another huge housing area
recently developed (with an extension of about 0.4 km?). There is a low hill with a shrubbery
just behind these living areas on the south. On the north, a flat farmland mainly used for rice
cultivation widely opens and in its center the Oita River runs eastwards which is, at the
nearest, about 400 m away from the collection site. There are several cattle sheds but no
horses are raised within a 4-kilometer radius from the collection site.

Collections were made between 16.00 and 18.00 hours during September-December 1988.
Flies landing on or flying around the body surface of the human baits were captured by an
aspiration tube or by an insect net, and held overnight in small plastic containers. The
following day, flies were dissected in saline on a glass slide, and parity was determined by the
presence of follicular relics (Detinova, 1962). Parous females were microscopically searched
for filarial larvae. The larvae found were preserved in formalin-glycerol (Wharton, 1959) for
morphometric observations.

About 170 blackflies collected in December were individually maintained with sucrose
solution at 25°C for seven days, and dissected for the presence of third-stage filarial larvae.
Generic diagnosis of third-stage larvae followed that of Bain and Chabaud (1986).

RESULTS

Four collections carried out from September to November 1988 yielded a total of eight
blackfly species, but no Culicoides species was captured. The majority of blackfly species
were Simulium bidentatum, followed by S. arakawae Matsumura, S. quinquestriatum (Shira-
ki) and S. aokii (Takahasi) (Table 1).

Natural infections with filarial larvae were found in 2.59% of 449 S. bidentatum collected
(or 6.5% of the parous flies), and in 4.3% of 23 S. aokii captured (or 10% of the parous flies).
Eight of 11 infected S. didentatum had 1 to 4 first-stage larvae, two flies each harbored one
second-stage larva, and one fly had two third-stage larvae probably just after the second
moulting (Fig.1). One infected S. aokii had one first-stage larva (Fig. 2). All the larvae were
found in the thorax of the flies.

One of the two third-stage larvae (Fig. 1) recovered from September collection showed
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Table 1 Species composition, parity and natural infections of blackflies collected in
Tabaru, one of the suburban residential areas, where a human case of
zoonotic onchocerciasis occurred, in Oita, Japan

Date of collection

Sept. 23 Oct. 6 Oct. 13 Nov. 17 Total

Simulium No. No. No. No. No. No. No. No. No. No. No. No. No. No. No.

Spp. col. par. inf. col. par. inf. col. par. inf. col. par. inf. col. par. inf.
aokii 6 — — 4 3 1 7 4 0 12 8 0 23 10 1
arakawae 33 1 0 6 - - o - — 3 1 0 36 12 0
bidentatum 88 30 4 43 9 0 174 69 4 144 62 3 449 170 11
japonicum 6o - - o - - 1 0 0 1 0 2 0 0
nikkoense o - - o — - o - — 1 0 1 0 0
quinquestriatum 0o - —= 1 0 0 2 0 0 30 10 0 33 10 ’ 0
rufibasis 1 0 0 3 2 0 7 2 0 1 1 0 12 5 0
takahasii o - - 2 1 0 o - - 21 1 0 23 2 0

the following measurements: total body length (BL) 743 xim, body width (BW) 26 xm, length
of oesophagus (LE) 464 um, length of tail (LT) 35 gm, width of tail (WT) 21 zm.

In dissections of flies maintained for seven days after collection, one of 144 S. bidentatum
examined had one third-stage larva (Fig. 3) in the thorax, but all of the 22 S. aokii were
negative. The third-stage larva recovered (Fig. 3) showed following measurements: BL
1,280 gm, BW 25 ygm, LE 620 gm, LT 45 gm, WT 20 gm. This larva, as well as two early
third-stage larvae mentioned above, seemed to belong to the genus Onchocerca by possessing
the very small, almost indiscernible caudal lappets.

It is generally impossible to identify the young third-stage larvae. However, the early
third-stage larva found in September seemed to be distinct from the longer third-stage larva
found in December because the ratio of LE/BL, as well as body length, was clearly different
(i. e., 0.62 vs. 0.48). This conclusion is supported by our observations (unpublished data) that
early third-stage larvae of the latter (long type Onchocerca) bear the short oesophagus (less
than 1/2 of body length) like mature third-stage larva, and measure over 850 xm in body
length.

- It remained to be determined whether the filaria infecting S. aokii belongs to Onchocerca.

DiscussioN

Beaver ef al. (1989) suggested that the human zoonotic onchocerciasis found in Oita was
probably caused by O. gutturosa or O. cervicalis which have been commonly known in cattle
and horses respectively around the world. Our result shows the least possibility that the
causative worm was O. cervicalis, because its transmitter, Culicoides, was not captured during
the daytime in the study area. This is also supported by the fact that horses, the definitive
host of this parasite, were not raised around this area.

On the other hand, it is demonstrated that there were several anthropophilic blackfly
species in the study area, and that S. bidentatum, the most dominant species, was naturally
infected with larvae of Onchocerca. Examination of the third-stage larvae recovered shows
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Figure 1 Early third-stage larva of Onchocerca sp. found in S. bidentatum dissected
soon after collection. ,
Figure 2 First-stage larva of unidentified filaria found in S. aokii dissected soon after
_ collection. o , ;
Figure 3 Third-stage larva of Onchocerca sp. found in S. bidentatum maintained for
, seven days after collection. '
All scale bars indicate 100 gm-
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that S. bidentatum was infected with at least two Onchocerca species. One of these two fits
in with the body length of third-stage larva of O. gutturosa given by Bain (1979), but more
specimens of mature stage are needed to compare with the bovine parasite. The other one,
though only one specimen is available, may belong to a new species because it has a very long
body, as compared to those of other known Onchocerca species (Bain and Chabaud, 1986). At
the present, it is thus difficult to conclude that the zoonotic Onchocerca acquired by a
Japanese child was O. gutturosa, although it might be one of the two Onchocerca species found
in S. bidentatum.

There were many cattle (both Holstein and Japanese Black) at several sheds set up in
the farmland near the study area, and microfilariae of Onchocerca spp. were already found in
blood-fed females of S. bidentatum, S. aokii and S. arakawae collected at one of five cowsheds
examined. Further, three types of third-stage larvae of Onchocerca spp. were commonly
discovered in the same blackfly species collected at the same cowshed (Takaoka and Bain,
unpublished data). One of these three types of Onchocerca appears to be the same species as
the longer third-stage larva found in this survey, and the remaining two types resemble third-
stage larvae of O. gutturosa and O. lenalis Stiles, 1908 respectively, although both of the
latter two bovine filariae have been not yet recorded in QOita. Whether all these types of
Onchocerca spp. recovered from Simulium spp. are parasites of cattle or of other animals
should await future studies. ' ~

In summary, our findings indicate that there exists a situation, under which the zoonotic
Onchocerca infection may be acquired by humans through biting of the local blackfly species,
in the western suburbs of Oita.
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Abstract: The changes in the intensity of Schistosoma haematobium infection, incidence
and conversion/reversion ratio in a community were observed over a period of 1.5 years. The
intensity of infection was judged by two indices: egg counts per 10 m/ of urine and egg counts
per hour. During the study period, 4 urine examinations were conducted at 6-month intervals.
Subjects were included in the analysis of the changes in the intensity of infection in a commu-
nity if they took all 4 urine examinations and were positive for eggs. The changes in the
intensity of S. haematobium infection differed considerably according to the indices used. The
changes in the intensity of infection were compared with the changes in the level of transmis-
sion expressed by incidence and conversion/reversion ratio or with the changes in the urine
volume. The changes in the intensity of infection expressed by egg counts per hour closely
paralleled the changes in both incidence and conversion/reversion ratio in a community,
regardless of urine volume. By contrast, when the intensity of infection was expressed by egg
counts per 10 m/ of urine, it did not correlate with the changes in the level of transmission, and
was negatively related to the changes in urine volume. These results suggest that egg counts
per hour is a reliable index that accurately reflects the changes in the intensity of S.
haematobium infection in a community.

INTRODUCTION

Although various indices have been proposed for the measurement of the intensity of S.
haematobium infection in individual patients (Clarke, 1966; Wilkins, 1977; Stephenson ef al.,
1984), egg counts per 10 m/ of urine at midday has been used most frequently thus far.
However, one of the shortcomings of this index is that it is affected by daily changes in urine
volume, so that the intensity of infection of individual patients varies from day to day.
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852, Japan
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Therefore, we recommended the use of an index, that is, egg counts per hour, that is not
affected by changes in urine volume. This serves as a stable index for the measurement of
the intensity of infection at an individual level (Shimada et al., 1986).

For community-based longitudinal studies, particularly cohort epidemiological studies or
control projects, the change in the intensity of infection is a key variable. At a community
level, however, the intensity of S. haematobium infection has also usually been expressed by
mean egg counts per 10 m/ of urine from infected people. Urine volume varies not only from
day to day at an individual level but also from season to season, owing to environmental
factors such as temperature and humidity. Therefore, it is highly probable that the mean
intensity of S. haematobium infection in a community differs from season to season even
though there is not a true change in the intensity of infection.

In the present study, we attempted to examine the possible changes in the mean intensity
of S. haematobium infection in a community judged by two indices, that is, egg counts per 10
m! of urine and egg counts per hour, over a period of 1.5 years. The results were then
compared with the changes in the level of transmission expressed by incidence and conver-
sion/reversion ratio, and with the changes of the mean urine volume.

MATERIALS AND METHODS

The present study was conducted at Mwachinga village, Kwale district, Kenya. The
intensity of infection of the patients was expressed by two indices: egg counts per 10 m/ of
urine and egg counts per hour. The details were described elsewhere (Shimada et al., 1986).
Briefly speaking, urine was collected 1 hour after the previous urination during midday (11:30-
13:30). The volume of each specimen was measured. The nuclepore filter method of Peters
et al. (1976) was used to filter and count the number of eggs per 10 m/ of urine, and then the
total number of eggs in the urine was calculated. Egg counts per hour was obtained by
dividing total egg counts by the time between two urinations.

The intensity of infection in a community was expressed by the mean egg counts of
subjects in logarithm. Urine examinations were conducted 4 times during a study period of
1.5 years. The st examination was done in May/June 1982, the 2nd in November/December
1982, the 3rd in May/June 1983 and the 4th in November/December 1983. The number of
villagers taking each urine examination was 699, 710, 869 and 682 respectively. Among these,
219 completed all urine examinations and were positive for eggs. These 219 patients were
subjected to the analysis of the changes in the intensity of infection.

Four urine examinations done during a period of 1.5 years allowed us to calculate the
incidence and conversion/reversion ratio in our study area at 6-month intervals. Incidence
was expressed as percentage of persons who had been negative at the first survey but were
positive for eggs at the second of two surveys. Conversions were the egg positives at a urine
examination who had been negative at the preceding examination, while the reversions were
the egg negatives at a urine examination who had been positive at the preceding examination.
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RESULTS

Intensity of Infection

When egg counts per hour was used as an
index, the intensity of infection in a community
fluctuated slightly (Fig. 1A). The mean log egg
counts per hour increased from 2.732 to 2.804
during the first 6-month period between June
and December 1982. During the second 6-month
period, December 1982-June 1983, the intensity
of infection again increased slightly to 2.839.
Egg counts then decreased to 2.696 during the
third 6-month period. The changes in the inten-
sity of infection over a period of 1.5 years were
not statistically significant (p=0.3674).

When egg counts per 10 m/ of urine were
used, the pattern of the changes in the intensity
of infection was different from that expressed
by egg counts per hour (Fig. 1B). Egg counts
increased from 2.394 to 2.585 during the first 6-
month period, then decreased to 2.474 in the
second and to 2.289 in the third 6-month period.
The difference in the intensity of infection
during the study period was statistically
significant (p=0.0138). The mean egg counts
per 10 m/ of urine were significantly different
between the second and the fourth urine
examinations by Scheffe’s test (p<0.05).
Incidence and Conversion/Reversion Ratio

The results are shown in Table 1.
Although the incidence was not significantly
different from season to season, the incidence
among children under 14 years of age during the
first and second 6-month periods was approxi-
mately 2 times greater than that during the
third period.

Conversion/reversion ratios during the first
and second 6-month periods exceeded 1, and
ratios during the third 6-month period were
smaller than 1, but the difference was not statis-

tically significant. The changes of the intensity of infection expressed by egg counts per hour

closely paralleled the changes in incidence or conversion/reversion ratio.

Urine Volume
The results are shown in Fig. 1C. The mean volume of urine obtained at each examina-

tion showed significant changes; 37.51 m!/ for May/June 1982, 28.34 for November/December
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Table 1 Incidence and conversion/reversion ratio in the study area

. Conversion/Reversion

Study Incidence ratio

period 0-14 yrs 15 yrs or more 0-14 yrs 15 yrs or more
June 1982- 16/73*(21.9)% 21/81 (25.9) 16/8%(2.0)§ 21/14 (1.5)
Dec. 1982
Dec. 1982- 13/68 (19.1) 23/75 (30.7) 13/9 (1.4) 23/23 (1.0)
June 1983
June .1983- 7/80 (8.8) 15/70 (21.4) 7/10 (0.7) 15/19 (0.8)
Dec. 1983

* : No. of egg positives at the second of two surveys who had been negative at the first survey/No.
of egg negatives at the first survey

t:(%)

1 : conversion/reversion: conversion=new infection (— to +), reversion=spontaneously lost infec-
tion(+ to —)

§ . ratio

1982, 38.11 for May/June 1983, and 41.23 for November/December for 1983 (p=0.0097). The
mean volume of urine at the second urine examination was significantly lower than that at
the fourth examination (Scheffe’s test, p<0.05). The fluctuation pattern of the intensity of
infection expressed by egg counts per 10 m/ of urine was mirrored by that of the urine
volume.

DISCUSSION

The data presented in our study show that it is important to reconsider the precision of
the indices by which the mean intensity of S. haematobium infection in a community has been
judged in the past. The changes in the mean intensity of infection in a community during a
certain period of time differed considerably according to the index used, that is, egg counts
per 10 m/ of urine or egg counts per hour. When the changes in the intensity of infection were
compared with the changes in the level of transmission in our study area, the advantages and
disadvantages of the two indices were disclosed.

Incidence and conversion/reversion ratio are considered to indicate the level of transmis-
sion in an endemic area of schistosomiasis. When these values are greater during a certain
period of time than those during a previous period, the mean intensity of infection in a
community is expected to increase during the correnponding period of time, and vice versa.
In our study, when the mean intensity of infection was expressed by egg counts per hour, the
changes in the intensity of infection in a community during a study period of 1.5 years,
although not statistically significant, closely paralleled the changes in incidence and conver-
sion/reversion ratio in that community. By contrast, when it was expressed by egg counts
per 10 m! of urine, the intensity of infection did not correlate with the changes of the level
of transmission.

Variation and stability in S. haematobium egg output have long been cosidered (Wilkins
and Scott, 1978). In discussions on the changes in egg output, urine volume has usually been
indentified as a factor which may affect egg output (Clarke, 1966; Wilkins, 1977; Stephenson
et al., 1984). However, there has been no report describing the actual changes in mean urine
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volume and their effect on the measurement of the mean intensity of infection in a longitudi-
nal study of a community. Recently, we reported that at an individual level, egg counts per
10 m! of urine are affected by the changes of urine volume (Shimada et al, 1984). The
present study revealed once more that, at a community level, the changes in the intensity of
infection expressed by mean egg count per infection expressed by mean egg count per
infection expressed by mean egg count per 10 m/ of urine were negatively correlated to the
changes of mean urine volume (R=—0.908, 0.1>p>0.05, n=4). By contrast, the mean egg
count per hour was not affected by the changes of mean urine volume.

Although the results of the present and previous studies do not conclusively prove that
egg count per hour is the best index for the measurement of the intensity of S. kaematobium
infection, it is undoubtedly a reliable index which can be used as a field technique at both the
individual and community levels. Egg count per 10 m/ of urine measures the concentration
of eggs in urine, but not the real intensity of infection.
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Abstract: Water contact observation and urine examination were carried out on a
population in an endemic area of Schistosoma haematobium infection, Mwachinga, Kwale
district, Kenya. The change in the mean level of water contact with age and the age-
prevalence or age-intensity distribution of S. haematobium infection showed similar
trends, but not a direct quantitative relationship. Therefore, a mathematical model was
applied in the attempt to analyze the relationship between the intensity of S. haematobium
infection and the level of water contact. The worm burden, number of paired worms and
proportion of hosts with paired worms were estimated from the level of water contact,
annual incidence, and the proposed life-span of S. haematobium by using an immigration-
death model on the basis of simple assumptions. These estimated values were compared
with the observed prevalence and intensity of infection. The results showed a linear
correlation between observed data and estimated values. We conclude that the character-
istic shape of the age-egg output curve for S. haematobium in the community is satisfacto-
rily explained solely in terms of the change in water contact with age.

INTRODUCTION

The relationship between the age and the prevalence and intensity of S. haematobium

infection is similar in most endemic areas. The characteristic shape of the age-prevalence
and age-intensity curve for S. haematobium is a peak between the age of 10 and 14 years and
a relatively rapid decline in older people (Warren, 1973; Mott, 1982). Intestinal schis-
tosomiasis also shows a similar age-related pattern. With regard to influences upon immigra-
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tion and emigration of worms, two major factors have been considered in explaining of the
characteristic relationship between age and infection (Warren, 1973). These are 1) the de-
velopment of protective immunity by the age of 10 years (Bradley and McCullough, 1973) and
2) the variation in water contact with age (Dalton and Pole, 1978; Kvalsvig and Schutte,
1936).

However, no convincing evidence has been presented on the role of protective immunity
in the decline of the intensity or prevalence of infection after adolescence. Most of the
evidence of protective immunity recently reported was observed after chemotherapy (Stur-
rock et al., 1983; Butterworth et al., 1985; Wilkins et al., 1987). Meanwhile, epidemiologists
concluded on the basis of human water contact studies that the characteristic shape of the age-
egg output curve for S. haematobium is satisfactorily explained solely by the variation in
water contact with age (Dalton and Pole, 1978; Kvalsvig and Schutte, 1986). Again, however,
shortcomings exist in their analysis, one of which is that the death of worms was not taken
into account.

To further discuss the possible role of the level of water contact in the characteristic
shape of the age-prevalence and/or intensity curve, not only a quantitative analysis of human
water contact but also an estimation of worm burden is necessary. This is because the egg
output reflects accumulated worm burden resulting from contact with infested water, not the
level of water contact itself. On the basis of the level of water contact and the proposed life-
span of S. haematobium (Wilkins et al., 1984), we attempted to estimate the worm burden in
the community by using an immigration-death model. Since schistosome needs to mate to lay
eggs, the probability of pairing was also calculated. The comparison between the observed
data and estimated worm pair burden allows us to determine whether or not the patterns of
S. haematobium infection in a community can be adequately explained solely in terms of the
patterns of water contact.

MATERIALS AND METHODS

Urine examination

The present study was conducted at Mwachinga village, Kwale district, Kenya. Informa-
tion concerning the geography, population, and prevalence and intensity of S. haematobium
infection in the study area was compiled during an initial survey done in June 1982 and has
been published elsewhere (Shimada ef al., 1987). The method of urine examination was also
published previously (Shimada et al., 1986). Briefly speaking, urine was collected 1 hour
after the previous urination during midday. The intensity of infection was expressed as the
number of eggs excreted per hour assessed by the filtration method of Peters et al. (1976).
The geometric mean was obtained by using the n+1 transformation for a series of egg output
including zeros.
Water contact study

Water contact observation was carried out on the population over a period of one year
(June 1982 to May 1983) by the direct observation method of Dalton and Pole (1978). The
study sites were 16 major points which had been identified as busy sites by a questionnaire.
The observers were two villagers who have lived there for many years. In order to reduce
the effect of site and seasonal variation in our study area, a 4 X4 Latin square with three
replicates was used. The study sites were divided at random into two groups of 8 sites. Each
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Table 1 Water contact observation schedule

Week 1 Week 3
Tue Fri Sat Sun Tue Fri Sat Sun
June 1 2 3 4 5 6 7 8
July 2 3 4 1 6 7 8 5
August 3 4 1 2 7 8 5 6
September 4 1 2. 3 8 5 6 7

Numbers indicate the study sites.

Table 2 Percentage of parts of body to total body surface

Children (0-14 yrs) Adults (15 yrs or more)
1. One hand 2 2
2. Two hands 4 4
3. One foot 2 2
4, Two feet 4 4
5, One arm 10 9
6. Two arms 20 18
7. One leg 15 18
8. Two legs 30 36
9. Hands and feet 8 8
10. Hands and legs 34 40
11, Arms and feet 24 22
12. Arms and legs 50 54
13, Whole body 100 100

Cited from Behrman and Vaughan (ed.). Nelson Textbook of Pediatrics, 1986.

group of 8 sites was observed by one observer. Water contact was observed at each site for
4 days in each of the 3 “seasons” of 4 months’ duration. Table 1 shows the date and sites of
water contact observation made by one observer during one season of 4 months. The
observation was carried out from 06 h 00 to 18 h 30. The collected information included
names of inhabitants, time of day, duration of contact (in minutes), and submerged parts of
the body. The level of water contact of an individual during a single submersion was
expressed by the duration of contact (minutes) multiplied by the percentage of submerged
parts to total body surface, which was calculated from the burn chart shown in Table 2. Then
the level of water contact of a person for one year was calculated as the sum of each contact.
The level of water contact of a certain age group was expressed by the geometric mean. A
population census was conducted in June 1983.

RESULTS

Water contact observation
Out of 1,195 villagers, 617 came in contact with water during the one year study period.
The overall geometric mean of the level of water contact among observed persons was 1,510.
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Table 3 shows the relationship between the level of water contact and sex or age. The
geometric mean of the levels of water contact of male and female was 1,580 and 1,450,
respectively. The difference between sexes was not significant (t=0.48, p=0.63).

" To express the level of water contact of each age group, the mean level of water contact
for the observed person was multiplied by a ratio ‘of the number of observed people to the
total number of people of the group registered. The reason for this modification of the level
of water contact is that the proportion of observed people differed much by sex and age, and
non-observed persons probably came scarcely or less frequently in contact with water.

The modified level of water contact showed that, for males, the level of water contact
reached a peak among those aged 10-14 years and then declined rapidly to lower levels, with
the exception of a relatively high level of water contact at the age of 40-49 years. For
females, the level of water contact reached a peak at the age of 5-9 years, decreased rapidly
to a low level at the age of 15-19 years, and remained low in older people.

Estimation of worm buvden, number of paived female worms and proportion of hosts with
paived worms

The estimation of worm burden, number of paired female worms and proportion of hosts
with paired worms was based on simple assumptions for immigration and emigration of

Table 3 Observed level of water contact and modified level of water contact

Level of water No. of Modified level
contact of persons Population of
Age person o.bserved observed water contact
-geometric mean-
(A) (B) © (A) X (B)/(C)
Males
0-4 1,230 18 82 270
5-9 3,720 56 102 2,040
10-14 3,980 64 81 3,150
15-19 1,700 41 56 1,240
20-29 1,070 44 75 630
30-39 500 24 52 230
40-49 1,410 27 32 1,190
50-59 230 17 32 120
60- 370 16 38 160
total 1,580 307 550 880
Females

0-4 1,550 28 121 360
5-9 1,900 52 110 2,320
10-14 1,910 52 78 1,270
15-19 980 29 55 520
20-29 1,350 55 94 790
30~-39 780 38 60 © 490
40-49 710 20 43 330
50-59 1,450 21 46 660
60~ 240 15 38 90

total 1,450 310 645 690
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schistosomes. To estimate the worm burden, we used a immigration-death model (Anderson,
1976). The number of worms in a host (N) at time ¢ can be expressed as

N ={(AXI)/D}x {1~ exp (= D)} +{N:-1X exp (— D)}
where N;_, is the number of worms at £ —1, A is a constant, and / is the relative level of water
contact. Thus, AX/ is immigration rate and D is death rate of a worm per year. The
immigration rate (A X I) can be calculated from the following equation proposed by Hairston
(1965), m=— log (1—vVB), where m is the mean number of female worms acquired by a
person per year and B is the annual incidence. The annual incidence in our study area was
about 0.28 (Shimada et al., 1989). Solving the equation, therefore, 0.75 female worms were
acquired per person per year and there are 2m or 1.5 worms acquired per person per year. We
assumed that the number of cercariae invading a host reflects the level of water contact.
Therefore, a person with a level as high as the mean annual level of water contact of the
villagers in our study area is expected to acquire 1.5 worms per year. To obtain the
immigration rate of each age group, we gave the constant A the value 1.5 and [ the ratio of
the level of water contact of each age group to the mean level of water contact of all the
villagers. The death rate (D) was assumed to be 0.3 per worm per year. This was calculated
from the estimated life-span of S. haematobium (3.4 years) proposed by Wilkins et al. (1984).

In addition to the estimate of worm burden in a host, an attempt was made to estimate
the number of paired female worms which reflects the intensity of infection or egg output, and
also the proportion of hosts with paired worms which represents the prevalence of infection.
The probability of male and female worm mating was given as (0.88 X N)/(N+1.73) as
proposed by Goddard (1978). Thus, the number of paired female worms (F) is expressed
mathematically as

0.88xXN 1

F=N>X§1m™ s
The proportion of hosts with paired worms (P) is expressed as

P={1—exp(—N/2)}
This is based upon the random distribution of worms among people (Macdonald, 1965). A
calculation program for these formulae in the NEC computer is written by BASIC language.

Table 4 Estimated number of paired worms and proportion of hosts with paired worms

Males Females
age | Noof  Pemetionel oo Pl
palzi;lie;vr%rms paired worms palr(elz;lie;vr(l))rms paired worms
(%) (%)
0-4 0.09 8 0.20 18
5-9 2.43 90 3.79 97
10-14 5.47 100 4.19 ; 99
15-19 4.16 99 2.28 91
20-29 1.65 82 1.85 88
30-39 0.48 39 1.28 76
40-49 1.76 84 0.73 55
50-59 0.59 42 1.28 76
60- 0.14 13 0.41 33
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The estimated number of paired worms and the proportion of hosts with paired worm by
sex and age is shown in Table 4. The number of paired worms reached a peak at the age of
10-14 years and declined to a lower number in older people. In males, however, another peak
was observed at the age of 40-49. The proportion of hosts with paired worms showed a
similar pattern.

Favasitological study

Of the inhabitants registered, 694 provided urine specimens in December 1982. Table 5
shows the prevalence of infection. The difference by sex was not statistically significant as
a whole (Mantel-Haenszel y*=3.374, p=0.066). The prevalence of infection reached a peak
at the age of 10-14 years in both sexes. However, the shape of the age-prevalence distribu-
tion after the peak differed by sex. Males showed a relatively sharp decline in prevalence
from the peak to a lower level in older people with exceptionally lower prevalence at the age
of 30-39 years. In contrast, the prevalence in females decreased from the peak gradually to

Table 5 Prevalence of infection by age and sex

Males Females
Age No. Neog.gof Prevalence No. N gg'gOf Prevalence
1 0, H o,

examined positive (%) examined positive (%)
0-4 36 5 14 36 11 31
5-9 74 56 76 71 59 83
10-14 54 52 96 47 44 9
15-19 30 27 90 37 33 89
20-29 19 15 79 64 54 84
30-39 17 9 53* 42 35 83*
40-49 22 15 68 41 26 63
50-59 22 14 64 32 21 66
60- 24 15 63 36 17 65
Total 298 208 70 396 300 76
*p=0.015, Chi-square value=5.896

Table 6 Intensity of infection by age and sex
Males Females

Age No. Egg counts/hour No. Egg counts/hour

examined (geometric mean) examined (geometric mean)
0-4 36 1.0 36 2.6
5-9 74 130.8 71 228.1
10-14 54 1,777.3 47 999.0
15-19 30 435.5 37 425.6
20-29 19 56.5 64 122.0
30-39 17 4.1* 42 52.7*
40-49 22 36.2 41 16.4
50-59 22 14.8 32 23.5
60- 24 19.0 36 4.4
Total 298 74.8 396 76.6

* p=10.0007, t test
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a lower level in older people. The prevalence of males aged 30-39 years was significantly
lower than that of females (x*=5.896, p=0.015).

The overall intensity of infection expressed by a geometric mean egg count was 76 eggs
per hour, that of males being 75 eggs per hour and that of females 77 eggs per hour. No
statistically significant difference was observed. The age-intensity distribution was similar
to that of the age-prevalence curve in both males and females (Table 6). The egg output
increased with age and reached a peak at the age of 10-14 years in both sexes. In males, egg
counts declined rapidly from the peak to a lower level in older people with lowest counts at
the age of 30-39 years. In females, by contrast, the intensity decreased gradually from the
peak to a lower level in older people. The mean egg count of males aged 30-39 years was
- significantly lower than that of females (¢=3.1923, p=0.0023) '

Correlations beiween observed and estimated data

The estimated number of paired worms was compared with the observed egg output.
The result is shown in Fig. 1. The estimated values and observed data were plotted by sex
and age. A linear correlation between observed and estimated data was observed. The
coefficient was statistically significant. The estimated proportion of hosts with paired worm
was compared with the observed prevalence in our study area (Fig. 2). Again a linear
correlation was shown between the observed and estimated data. The coefficient was
statistically significant. '

When the level of water contact was compared directly with observed egg output, the
correlation was not as prominent as the above.

DISCUSSION

The main aim of the present study is to explain quantitatively the characteristic shape of
the age-egg output distribution for S. haematobium by the change in the level of water
contact with age. Dalton and Pole (1978) and Kvalsvig and Schutte (1986) observed the
duration and frequency of water contact among the villagers and considered the possibility
of a relationship between water contact and infection of S. haematobium. They concluded
that there was a close relationship between water contact activity and the intensity or
prevalence of infection. In their studies, however, important factors influencing the intensity
or prevalence of infection- that is, the accumulation and death of worms- were not taken into
account. Changes in prevalence and intensity of infection result from an imbalance in the
opposing processes of immigration and emigration of worms. _

To overcome the shortcomings in the previous analysis of water contact observations
and to examine carefully the relationship between the level of water contact and the intensity
of S. haematobium infection, we estimated the worm burden, number of paired worms and
proportion of hosts with paired worms from the water contact observation and annual
incidence in our study area and the proposed life span of S. haematobium by using a simple
immigration-death model and other equations. The estimated values were compared with
the observed data. There was a quantitatively close relationship between both the estimated
number of paired worms and the observed intensity of infection, and between the estimated
proportion of hosts with paired worms and the observed prevalence. The age-prevalence and
age-intensity distribution of males in our study area showed an unexpectedly low prevalence
and intensity in the 30-39 year age group. The present study revealed that this unexpectedly
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low prevalence and intensity of males 30-39 years of age could also be explained by the
estimated proportion of hosts with paired worms and the number of paired worms. All these
results imply that in this area the decline in intensity and prevalence of infection is satisfacto-
rily explained solely by the decline in water contact after adolescence.

When we directly compared the level of water contact with the observed prevalence or
with the intensity of infection, the variation in level of water contact by age did not correlate
well with the change in the prevalence or intensity of S. haematobium infection. For example,
the highest level of water contact in females was observed at the age of 5-9 years although
the intensity of infection showed a peak at the age of 10-14. This is not surprising, though,
because the level of water contact only reflects the degree of immigration of worms.

Our analysis is based on a one year-long observation of water contact and a cross-
sectional examination of villagers for S. haematobium infection. We presumed that the water
contact behavior of villagers had not changed for decades, and therefore that the infection of
inhabitants was the result of behavior patterns and stayed more or less the same. Indeed, no
major changes such as the installation of piped water had occurred in this area for several
decades. The direct method of observation for water contact might influence the water
contact behavior of villagers, especially of women. Thus, the level of water contact of
women might be underestimated.

The assumptions made for the estimation of worm burden from the data of water contact
may also be too simple. We assumed that the degree of water contact defines the degree of
exposure, that the number of worms infected is proportional to the degree of exposure, that
the death rate and fecundity of worms are constant throughout the life of the people, and so
on. Although some studies have been carried out on these issues, especially with regard to
S. mansoni (Upatham and Sturrock, 1973; Cheever, 1968; Medley and Anderson, 1985;
Crombie and Anderson, 1985; Wertheimer et al., 1987), still little is known. It is undoubtedly
necessary to further clarify whether or not these assumptions are applicable to our analysis.

In the present study, no account was taken of other factors which may influence the
acquisition of worms. These include the distribution of snails and their infection rates, the
concentration of cercarial density in water and its diurnal fluctuation, and the time of day
when villagers come in contact with water, etc. In our study area, children tended to come
in contact with water at midday when the concentration of cercariae in the water was high,
while adults were likely to come in contact with water in the morning and evening when the
concentration of cercariae was low (unpublished data). When these factors are incorporated
in the model, the difference in the worm burden gained by children and adults may be much
wider.
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Abstract: A mass blood examination was carried out in a coastal village of Perupuk,
Asahan Regency, North Sumatra, Indonesia in August 1982. The parasite rate in all ages
revealed remarkably high (44%). This was caused by an explosive outbreak of Plas-
modium falciparum malaria. The parasite rate in young children (0-9 years) was very
high around 60% whereas low less than 20% in adult (over 34 years). This indicates a
possibility of outbreak of malaria mostly in children posing public health subject in a
village of tropical rural area. Gametocyte carriers of P. falciparum were detected only in
the age group less than 25 years. The high parasite density of P. falciparum with both
asexual form (more than 1,000 ring forms/mm?®) and gametocyte (more than 100
gametocytes/mm?®) was detected only in the age group less than 12 years. Falciparum
malaria of high intensity repeatedly occurs mostly in younger age group in Anopheles
sundaicus breeding coastal area in north Sumatra. A possible control method aiming at
gametocyte carrier of young age group is discussed.

INTRODUCTION

Although malaria is still a very important disease especially in rural area of most
tropical coutries, detailed epidemiological information is not always provided for malaria
control activities. This was also true in Sumatra Island. It has been told that in North
Sumatra malaria is endemic less than 2% in average. Administration officials considered this
is lower than the level which needs any anti-malarial action. Previous reports indicated also
low malaria endemicity in Sumatra (Carney et al.; 1974, 1975; Stafford et al., 1976).

Kanbara and Panjaitan (1983) reported the patchy distribution of malarious foci in the
coastal area of Asahan Regency, North Sumatra. Entomological studies revealed Anopheles
sundaicus is a responsible vector in brackish water of the coastal area (Ikemoto, 1982). A.
sundaicus is well known as a common vector of malaria in the coastal areas in southeast Asia.
In Jawa Island, hyperendemic malaria was caused by A. sundaicus once ago in Tanjung Priok
district of Jakarta and Tingal town. Recently in 1984, A. sundaicus transmitted malaria

1 North Sumatra Health Promotion Project, Medan, North Sumatra
Department of Medical Zoology, Tokyo Medical and Dental University School of Medicine,
Tokyo 113, Japan '

3 Department of Parasitology, Okayama University Medical School, Okayama 700, Japan
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attacked Kampung Laut in Cilacap, Jawa and caused not less than hundred death as a resuit
of increase of vectors due to construction of artificial fishing ponds (Kurihara, 1970).

The endemicity of A. sundaicus transmitted malaria in Sumatra has not been well
investigated so far. We report here a result of intensive malaria surveys including mass blood
examinations in the coastal malarious foci. This was conducted as an activities of the project
for “The Promotion of Health in North Sumatra” which is an international cooperation
between the Republic of Indonesia and the Government of Japan. The results of age-specific
parasite rates and parasite density of both asexual and sexual form of P. falciparum showed
patchy highly endemic areas in coastal villages presenting some public health problems and
a possibility of strategic malaria control approach to younger age group.

MATERIALS AND METHODS

A community village, Perupuk, kecamatan Lima Puluh, kabupaten Asahan of North
Sumatra was selected as the pilot study village, for it was found as a highly endemic focus
in the project area (Kanbara and Panjaitan, 1983). It is located on the sea side facing to
Malacca Strait and aproximately 150 km southeast of Medan, the capital of North Sumatra.

The mass blood examination was carried out in high prevalence season (August, 1982)
when malaria endemicity was reported the highest in a year in the village from the results of
former malariometric surveys (Kanbara and Panjaitan, 1983). In the village, most houses
were built gathered along the road near the harbour as drawn in geographical reconaissance
(Fig. 1). Most inhabitants engage in fishery. The population size was about 6,000 in Perupuk
and that of Lorong (block) 2, where the mass blood examination was conducted, was 372.
House to house visits to collect blood samples were conducted during night time when adults
returned home from their work. Blood specimens were obtained from finger tips, then thick
and thin smears were made on microscope slides. Thick smears were air dried for 12 hours
and hemolysed in distilled water. The smears were stained for 30 min with 5% Giemsa
solution diluted with phosphate buffer (pH 7.2). The thick films were examined counting
more than 1,500 white blood cells to secure positivity. Parasite density was calculated in
relation to the number of white blood cells assuming 8,500 white blood cells in 1 mm?® of blood
(Bruce-Chwatt, 1980).

RESULTS

The age specific spleen rates were as follows: 21.2% (7/33) for 1-4 years, 20.5% (8/39)
for 5-9 years, 29.4% (10/34) for 10-14 years, and 14.1% (18/128) for over 14 years old age
groups.

The results of mass blood examination are shown in Table 1. In total, 239 persons were
examined in the survey with coverage rate of 64.2% (239/372). The parasite rate was 44.4%
in all and 60.2% in the age group of 0-14 years. Two species of malaria parasite, Plasmodium
falciparum (P. 1) and P. vivax (P.v.) were found to exist and the ratio of P. f. and P. v. was
roughly 3 : 1. Gametocyte rate of P. falciparum was 12.6% in all age groups and 20.0% in the
age of 0-24 years. Age specific prevalence curve is shown in Fig. 2. The curve of P.
falciparum infection draws high plateaux in the age group of 0-9 years and begin to slope
down after that. It reaches to the bottom in 35-44 years. The curve of gametocyte rate moves
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Figure 1 A malaria survey sketch map of village Perupuk, north Sumatra, Indonesia.
Spleen rate (%) is shown in every school.

Table 1 Age specific distribution of malaria in Perupuk village, North Sumatra, Indonesia in
August 1982

Age Number Number Number
(vears)  population examined positive cases
(registered) P. falciparum P. vivax Mix Total
1 7 4 (57.1%) 2 (50.0%) 0 0 2 (50.0%)
1-4 44 33 (75.0%) 17 (51.5%) #g@® 2 (6.1%) 2 (6.1%) 21 (63.6%)
5-9 56 39 (69.6%) 19 (48.7%) #g(9) 5 (12.8%) 0 24 (61.5%)
10-14 58 35 (60.3%) 14 (40.0%) #g(9) 7 (20.0%) 0 21 (60.0%)
15-24 73 38 (52.1%) 10 (26.3%) #g(4) 5 (13.2%) 0 15 (39.5%)
25-34 45 29 (64.3%) 9 (31.3%) 3 (10.3%) 0 12 (41.4%)
35-44 28 18 (64.3%) 1 (5.6%) 1 (5.6%) 0 2 (11.1%)
45-54 33 24 (72.7%) 4 (16.7%) 0 0 4 (16.7%)
55 28 19 (67.9%) 3 (15.7%) 2 (10.5%) 0 5 (26.3%)
All ages 372 239 (64:2%) 79 (33.1%) 25 (10.5%) 2 (0.8%) 106 (44.4%)

#g number of gametocytemia cases in falciparum infections

in parallel with the curve for P. falciparum infections and reaches to “zero” level in over 24
years. The curve of age specific prevalence rates and parasite density of P. vivax did not
show so typical pattern like those of P. falciparum.

The parasite density of asexual form in P. falciparum infections is shown in Fig. 3. High
parasite density more than 1,000 ring forms/mm? blood was found only in young children
under 12 years. All cases in the age of 25-45 years were less than 100 ring forms/mm?.
Gametocyte density in P. felciparum infections is shown in Fig. 4. Six out of 8 cases in the
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Figure 2 Age specific distribution of malaria parasite positive cases in village Per-
upuk. @——@ : total malaria parasite rate, A—-—-~ A P, falciparum asexual
form, OJ------ O : P. falciparum sexual form (gametocyte), ¢----@ : P. vivax
asexual form. O mixed infection.
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 Figure 4 Age specific distribution of sexual form gametocyte density in P. falciparum
infections in village Perupuk.
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Figure 5 Age specific distribution of parasite density in P. vivax infections in village
Perupuk.

age of less than 5 years old were found with more than 100 gametocytes/mm? and two of them
showed more than 1,000 gametocytes/mm?®. On the other hand, most cases over 14 years of
age showed low density gametocytemia less than 100/mm?, the parasite density of P. vivax
infections is shown in Fig. 5. Only one case showed parasitemia higher than 1,000/mm?,
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DISCUSSION

From the figures of spleen rate in this study, it was considered that the surveyed area was
mesoendemic in malaria endemicity. The parasite rate in young children was remarkably
high being around 60%. This high parasite rate was a result of epidemic outbreak of P.
Jalciparum infections. It has been reported in north Sumatra that malaria infection rate is less
than 2% according to the existing reporting system through local health centers. This is
because of uneven distribution of malaria cases in whole north Sumatra. However, as
Kanbara and Panjaitan (1983) reported, malaria endemic areas were found in coastal
villages. The result of this study indicated that there could be a malaria outbreak with public
health problem even when available statistics show low rate of malaria prevalence. This
poses a public health subject not to be overlooked because especially high infection rate was
observed in younger age groups without enough immunity to malaria. The cause of this
explosive outbreak of P. falciparum was not clear although increased man-biting rate of
Anopheles sundaicus was reported before this survey (C. Imai, personal communication).

The age specific distribution of asexual parasite and sexual gametocyte of P. falciparum
made us consider of the importance of younger age group in malaria transmission. Parasite
density higher than 1,000 ring forms/mm?® blood as well as gametocyte density higher than
100/mm?® were found only in the age of less than 12 years. The number of gametocyte carriers
decreased by age and the density of gametocyte decreased also by age. The background of
the phenomena may be explained by the progress of immunity (Boyd, 1949), however this
remained to be elucidated in further studies. From the practical point of view, this is very
important when one considers to interrupt malaria transmission by any method of interven-
tion. Children constitute the most important reservoir of malaria infection for the transmis-
sion of the agent. Transmission blocking immunity and vaccine have been studied in some
laboratories (Targett and Sinden, 1985). Another method of transmission blocking is the use
of gametocyticidal drugs such as 4-~aminoquinoline, primaquine (Matsuoka ef al., 1987).

Infectivity of human population with malaria to mosquitoes has been studied by some
workers (Jeffery and Eyles, 1955; Graves ef «l., 1988). According to Rieckmann et al. (1968),
gametocytemia higher than 100/mm? is usually necessary to make mosquitoes infective.
Their feeding experiment on volunteers suggested this critical point. Carter and Gwadz
(1980) also wrote that density of gametocyte at 1,000/mm?® mosquito infection was the highest
and majority of cases are infectious to mosquitoes at density of 100 gametocytes/mm?®.

In this study, gametocytemia higher than 100/mm?® was found mostly in children. The
present results showed that the target population of the transmission blocking is younger age
group especially that of under 12 years. For that purposes primary school children and
preschool children are very important. School health activities and MCH (mother and child
health) activities would constitute the most rational and useful strategic element for the
intervention of malaria.
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Figure 1 Change of peritoneal cell counts in mice during
infection with 10*(Q) or 10*(A) eggs of Ascaris

Suum.

Mean of six mice with vertical bars as the S.D. is

shown.
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Figure 2 Percentage of macrophages and eosinophils in the peritoneal cav-
ities of mice infected with 10*(Q) or 10(A) eggs of A. suum.
Two hundred cells were counted at least, and percentage of macro-
phages and eosinophils were calculated after that cells were stained

with nonspecific esterase or Giemsa solutions.
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Figure 3 Time course of LPS-induced IL-1
production of peritoneal adherent
cells of A. suum infected mice.
The culture supernatants of per-
itoneal adherent cells from mice in-
fected with 10(QO) or 10*(A) eggs
of A. suum were assayed on PHA-
stimulated thymocyte cultures at a
dilution of 1:180. Each point repre-
sents the mean+S.D. of three experi-
ments. Day 0 stands for the value of
uninfected mice.

0 5



257

cpmx | ()3
- N
2] o
1 1

o
1

(4] Thymidine incorporation

315

-4

Days after infection

Figure 4 Kinetics of suppression of IL-2 activity by culture
supernatants of peritoneal adherent cells from mice
infected with 10* eggs of A. suum.
Before (@) or after (A) dialysis, 50 ux/ of the culture
supernatants were added, together with 50 x4/ of 10
unit/m/ recombinant IL-2 to 1X10* CTLL-2 cells
contained in 100 g/. After 24 hr-culture, proliferation
of CTLL-2 cells were measured by *H-TdR incorpora-
tion. Each point represents the mean+S.D. of three

experiments.
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Figure 5 Suppressive activity on IL-2 produc-
tion of normal spleen cells.
The culture supernatants of per-
itoneal adherent cells from mice 10
days after infection with 10* eggs of
A. suwm and from normal spleen
cells (cultured with or without LPS)
were incubated with ConA activated
normal spleen cells at indicated con-
centration. After 24 hr culture, the
remaining activity of IL-2 in the cell-
free supernatants were assayed using
CTLL-2 cells. Results represents the
mean=+S.D. of triplicated cultures.
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Figure 6 Time course of IL-2 production.

The spleen cells from mice infected
with 103(QO) or 10*(A) eggs of A.
suum were stimulated with ConA for
24 hr and culture supernatants were
assayed using CTLL-2 cells. Each
point represents the mean+S.D. of
three experiments.
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Figure 7 Anti-YAC-1 cytotoxic activity induced

by Poly I-Poly C in mice infected with 10°
(O) or 10*(A) eggs of A. suum.

Spleen cells were removed on day 5, 10
and 15 after infection from mice which
were intraperitoneally received 100 xg of
Poly I-Poly C one day before sacrifice.
Cytotoxicity was measured by release of
*ICr from labeled YAC-1 target cells after
4 hr incubation at 100:1 E/T ratio. Day 0
stands for the value of uninfected and
Poly I+Poly C injected mice. Each point
represents the mean=+S.D. of three experi-
ments.
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Figure 8 Induction of IFN by Poly I+Poly C in A.

suum infected mice. The serum samples
originated from the same donor mice in-
fected with 10°(QO) or 10*(A) eggs of A.
suum just as described in Fig. 7. Each
value represents the average of six sam-
ples.
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CHANGE OF CYTOKINE AND NATURAL KILLER ACTIVITIES
IN ASCARIS SUUM INFECTED MICE

Tao Dao
Received July 10 1989/Accepted September 5 1989

In order to analyze the cellular mechanism of immunosuppression during acute infection
by Ascaris suum, cytokine and natural killer activities in A. swum infected mice were
investigated.

Ten days after infection with 10 or 10* embryonated A. suum eggs, Concanavalin A
induced interleukin 2 (IL-2) production by splenocytes were reduced. At the same time, NK
activity of splenocytes and the levels of serum interferon induced by Poly I+ Poly C were also
reduced. On the other hand, culture supernatants of peritoneal adherent cells from A. suum
infected mice showed significantly high interleukin 1 activity which reached peak level on day
15 following lipopolysaccharide stimulation. Increase in the number of macrophages in the
peritoneal cavity were also observed in this period. Furthermore, the culture supernatants of
peritoneal adherent cells from 10-days A. suum infected mice exhibited a suppressive effect
on both IL-2 production by normal splenocytes and IL-2 activity assayed using CTLL-2 cells.
Dialysis and molecular filtration studies indicated that the factor with molecular weight
below 10,000 related to the suppressive effect. But there was no significant increase of
prostaglandin E, in the culture supernatants.

These results suggest that activated macrophages may play an important part in the
immunosuppression by producing a soluble suppressive factor during acute infection by A.
suum.
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MONOCLONAL ANTIBODIES RECOGNIZING
THE MAIN SURFACE ANTIGENS OF NEWLY
EXCYSTED METACERCARIA OR ADULT
FLUKES OF PARAGONIMUS OHIRAI

Y0SABURO OIKAWA AND TERUAKI IKEDA
Received July 17 1989/Accepted October 5 1989

Abstract: This study was undertaken to prepare monoclonal antibodies which
recognized the tegumental antigens of newly excysted metacercaria (NEM) and adult
flukes of Paragonimus ohirai. From splenic cells of mice immunized with either the Triton -
X-100 extract of adult fluke surface or NEM sonicate, monoclonal antibodies were
produced by ELISA screening followed by trial immunostaining of fluke sections. We
prepared a monoclonal antibody (AS-Mab) recognizing the tegumental antigen of the
adult fluke and a monoclonal antibody (MS-Mab) for the NEM tegumental antigen. AS-
Mab also bound to the tegument of 1-week-old juveniles but not to that of NEM. MS-
Mab bound the tegument from the metacercaria to adult stages, but the degree of im-
munostaining appeared to decrease with maturation of the flukes. By the double
immunodiffusion technique, the two monoclonal antibodies formed crossing precipitin
lines against a mixture of the adult surface antigen extract and the NEM antigen extract.
MS-Mab and AS-Mab gave precipitin line against the incubation fluid from NEM and
adult flukes, respectively.

INTRODUCTION

The surface of a parasite plays a crucial role in the immunological interaction between
host and parasite. This is well-known in African trypanosomes, which undergo antigenic
variation of their surfaces according to the host immune response (Cross, 1979). In parasitic
helminths, changes of the surface antigens occur during development (Philipp et al., 1980;
Snary et al., 1980; Maizels et al., 1983) and might be one of the ways in which they evade the
host’s immune attack. There have been a number of reports about the stage-specific surface
antigens of helminths, as reviewed by Philipp and Rumjaneck (1984), but most of the studies
went no further than identification of the surface antigens using surface-labelling and sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). It is important for
understanding fully the immunobiological phenomenon occurring in helminth infections to
investigate the various immunochemical and biochemical characteristics of surface antigens.

In the lung fluke, an anti-surface antibody response has been observed to occur during the
course of Paragonimus ohirai infection (Ikeda and Tani, 1985; Ohara et al., 1985), the surface
antigens have not yet been immunochemically and biochemically analyzed. Therefore, we
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planned to use monoclonal antibodies to characterize as well as identify the individual
antigens. The present study was undertaken to produce monoclonal antibodies against the
surface antigens of newly excysted metacercariae (NEM) and adult flukes.

MATERIALS AND METHODS

Crude NEM antigen was prepared as described previously (Ikeda and Tani, 1988). In
brief, NEM obtained by culturing metacercariae were sonicated twice for 30 sec in an ice
bath. After the sonicate was centrifuged at 20,000X g for 30 min, the supernatant was
dialyzed against 10 mM phosphate buffered saline (PBS, pH 7.2) and used as the NEM
antigen. Adult surface antigen was prepared as follows. Living adult flukes obtained from
infected rats were incubated in several changes of saline for 5 h at room temperature. The
washed flukes were incubated for 10 min at 4°C in PBS containing 0.5% Triton X-100. The
extract was centrifuged at 20,000 X g for 30 min, dialyzed against PBS, and used as the adult
surface antigen.

BALB/c mice were immunized with either NEM antigen or adult surface antigen.
Splenic cells from the immunized mice were fused with P3Ul myeloma cells by using
polyethylen glycol. Hybridoma cultures were screened by enzyme-linked immunosorbent
assay (ELISA) and then positive cultures were assessed by immunoperoxidase staining of
sections of NEM or adult flukes embedded in paraffin. The hybridomas which secreted
antibodies against the surface antigens of NEM or adult flukes were cloned by limiting
dilution. Monoclonal cells were injected into the peritoneal cavities of pristane-primed mice
and the ascitic fluid was collected as the source of monoclonal antibodies.

ELISA was performed in microtiter plates using horseradish peroxidase-conjugated
rabbit anti-mouse IgG according to the conventional procedure. Microtiter wells were
sensitized with 100 x/ of NEM or adult fluke antigen (10 xg protein/m/) in 0.1 M NaHCO,
buffer (pH 9.6). As the substrate for peroxidase, 2, 2’-azino-di-(3-ethylbenzthazoline
sulfonic acid) diammonium salt (ABTS) was used. Immunoperoxidase staining was perfor-
med as follows. Flukes were fixed with cold 95% ethanol for from 5 h to 1 day, dehydrated
in absolute ethanol, and then embedded at 60°C with paraffin. Fluke sections were cut and
stained essentially by the indirect immunoperoxidase technique of Nakane and Pierce (1966).
The sections were deparaffinized with xylene and ethanol. After washing with PBS, sections
were incubated with diluted monoclonal antibody or normal mouse serum for 1 h, washed in
PBS, and then incubated for 1 h with peroxidase-conjugated anti-mouse IgG antibody
(Cappel Laboratories, Westchester, PA) diluted to 1/200. After washing, the sections were
developed in substrate of 0.02% 3, 3’-~diaminobenzidine and 0.003% hydrogen peroxide in 0.05
M Tris-HCI buffer (pH 7.6).

RESULTS

The monoclonal antibody (MS-Mab) prepared from NEM antigen-immunized mice
gave a high ELISA level on the NEM antigen-coated plate but a low level on the aduit
antigen-coated plate. The monoclonal antibody (AS-Mab) prepared from adult surface
antigen-immunized mice gave a high ELISA level on the adult antigen-coated plate but a low
level on the NEM antigen-coated plate.
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Figure 1 Immunostaining of P. okivai NEM sections. Sections were treated with the
monoclonal antibodies MS-Mab (2) or AS-Mab (b), or with normal mouse
serum (¢). The surface syncytium, the tegumental cells, and the ventral
sucker were stained by MS-Mab, but not by AS-Mab or normal mouse
serum.

Figure 2 Immunostaining of sections of 1-week-old P. ohirai juveniles obtained from
the peritoneal cavities of infected rats. Sections were treated with the
monoclonal antibodies MS-Mab (2) or AS-Mab (b}, or with normal mouse
serum (c). The surface syncytium and the tegumental cells were stained by
MS-Mab and AS-Mab, but not by normal mouse serum.

Fig. 1 shows the immunostaining of NEM sections. MS-Mab diluted to 1/800 produced
strong immunoperoxidase staining of the surface syncytium and the tegumental cells of
NEM. When MS-Mab diluted to 1/100 was used, nonspecific staining was observed over the
whole body. AS-Mab and normal mouse serum did not stain the NEM sections even at a
dilution of 1/100.
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Figure 3 Immunostaining of sections of adult P. ohirai flukes obtained from the lungs
of infected rats. Sections were treated with the monoclonal antibodies MS-
Mab (a) or AS-Mab (b), or with normal mouse serum (¢). The surface
syncytium and the tegumental cells were stained by MS-Mab and AS-Mab,
but not by normal mouse serum.

Incubation Fluid
AS-Mab MS-Mab Adult

AS-Mab MS-Mab

Antigens Incubation Fluid
(NEM + Adult) NEM

Figure 5 Double immunodiffusion in agar
using the two monoclonal anti-
bodies and incubation fluid (2 mg

Figure 4 Double immunodiffusion in agar
between the two monoclonal
antibodies and a mixture of the

antigen preparations from NEM
and adult flukes. MS-Mab and
AS-Mab produced independent
precipitin lines.

protein/m/{) from either NEM or
adult flukes. MS-Mab formed a
precipitin line against NEM incu-
bation fluid, and AS-Mab did so

against adult fluke fluid.

In sections of 1-week-old juveniles from the peritoneal cavities of infected rats, the
surface syncytium and the tegumental cells were stained by both MS-Mab and AS-Mab
diluted to 1/100 (Fig.2). In adult sections, the same sites as in the juveniles were stained by
the two antibodies diluted to 1/100 (Fig.3). The immunostaining with AS-Mab was rela-
tively stronger than with MS-Mab. Throughout the development of the fluke, the strongest
staining was observed on the tegumental apical surface.

Double immunodiffusion of MS-Mab and AS-Mab against a mixture of the adult surface
antigen extract and the NEM sonicate produced crossing precipitin lines (Fig. 4). When the
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two monoclonal antibodies were diffused against incubation fluid of the flukes, MS-Mab and
AS-Mab formed precipitin line against the fluid from NEM and adult flukes, respectively
(Fig.5).

DISCUSSION

We prepared the two monoclonal antibodies, MS-Mab and AS-Mab. Both of them
recognized the P.o. tegumental antigens present in the tegumental syncytium and cells and on
the apical tegumental surface, and both showed the strongest immunostaining of the apical
surface which may have glycocalyxes. MS-Mab bound to the tegument throughout develop-
ment of the flukes from metacercaria to adult, while AS-Mab bound to the tegument of adult
flukes and 1-week-old juveniles but not to that of NEM. The intensity of immunostaining
with MS-Mab decreased with the development of the flukes, whereas it increased with AS-
Mab. Thus, the two monoclonal antibodies appeared to recognize different tegumental
antigens, and this was verified by the formation of independent precipitin lines on double
immunodiffusion.

Bennett and Threadgold (1975) observed at the electron microscopic level that the
glycocalyx of F. hepatica was formed by the discharge of tegumental granules which they
morphologically divided into 3 types; T0, T1, and T2 granules. Hanna (1980) proposed that
the antigenicity of the glycocalyx changed during the development of F. hepatica and that the
change seemed to be related to the appearance of T2 granules. In Paragonimus species,
Fukuda (1986) reported the presence of tegumental granules resembling those of F. hepatica.
We have observed at the ultrastructural level that MS-Mab bound to some types of
tegumental granules and to the glycocalyx (Fujino et al., submitted for publication), but we
have not yet studied AS-Mab. From the similarity in immunostaining features and the
presence of antigens in the fluke incubation fluid, AS-Mab is predicted to recognize the:
antigen present in the other type of tegumental granules.

Hanna and Trudgett (1983) prepared six monoclonal antibodies recognizing a
tegumental antigen present in T1 granules and the glycocalyx of F. hepatica. However, the
monoclonal antibodies also strongly labelled the glycocalyx of gut cells and the excretory
duct in juvenile and adult flukes. Our monoclonal antibodies showed little binding to any
antigens except the tegumental antigen, especially in juvenile and adult flukes. It is interest-
ing that the epitope of their antibodies appeared to be a polypeptide while ours appeared to
be sugar chains (unpublished data). Neither MS-Mab and nor AS-Mab reacted with crude
F. hepatica adult antigens.

The two monoclonal antibodies prepared in this study should aid investigation of the
characterization and bioimmunological functioning of these surface antigens.
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Abstract: The present study was designed to evaluate the intradermal skin test (ST)
and the ELISA as diagnostic tools in the screening for Ecuadorian cutaneous and
mucocutaneous leishmaniasis. The antigen for skin testing was prepared from ruptured
promastigotes of Leishmania braziliensis. The ST and ELISA positive rates among 72
subjects with active dermal lesions were 81.8% (36/44) and 81.3% (52/64), respectively,
while parasites were observed in 31 (44.9%) of 69 subjects presenting active lesions. In the
parasites positive cases, all subjects proved to be positive for the two tests except for one
in ST and two in ELISA. In 35 healed cases, the ST and ELISA positive rates were 86.2%
(25/29) and 72.4% (21/29), respectively. On the other hand, the positive rate in subjects
without clinical signs was only 3.8% in ST and 8.2% in ELISA. An epidemiological survey
in Selva Alegre, Esmeraldas, revealed that among 115 inhabitants 38 were positive for the
clinical signs, 10 active and 28 healed cases. Of these subjects 33 (86.8%) showed positive
reactions against ST and/or ELISA. Based on the results obtained, therefore, we conclud-
ed that the present skin testing antigen and ELISA were very useful for the screening of
leishmaniasis in the endemic areas of Ecuador.

INTRODUCTION

Since the first human case of leishmaniasis was described in Ecuador in 1920, many
additional cases of the disease have been reported (Rodriguez, 1974; Hashiguchi ef al., 1984).
The causative agent has been considered L. braziliensis complex based mainly on their
clinical manifestations in humans and epidemiological features (Rodriguez, 1974). Recently,
we characterized six strains of Leishmania isolates in Ecuador, using isoenzyme electrophor-
esis and monoclonal antibodies. Three strains, isolated from cutaneous lesions of humans,
were identified as L. b. panamensis, while the remainings from wild animals were identified
as L. mexicana amazonensis (Mimori et al., 1989). Thus, the species of Leishmania most
commonly found in our study areas endemic for leishmaniasis in humans was considered to
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be L. braziliensis complex.

Little information, on the other hand, has been available on epidemiological features of
the disease in this country (Hashiguchi et al, 1984). Such insufficient epidemiological
information has partly been due to the lack of reliable diagnostic tool in field studies.
Recently, it has been reported that a soluble leishmanial extract prepared from L. donovani
chagasi promastigotes was highly sensitive and specific for an intradermal skin test for
American visceral leishmaniasis patients (Reed et al., 1986). In order to obtain a better
understanding of the epidemiology of leishmaniasis in Ecuador, we therefore designed a
preliminary survey to evaluate a similarly prepared skin testing antigen.

The present paper deals with the finding that the soluble antigen prepared from L.
braziliensis promastigotes can be readily employed in skin testing for the screening of
cutaneous and mucocutaneous leishmaniasis in areas of Ecuador endemic for these diseases.

MATERIALS AND METHODS

Study areas and subjects

The present examinations were carried out during the dry season from July to August,
1986 in Ecuador. A preliminary study using skin test (ST) and enzyme-linked immunosor-
bent assay (ELISA) was made on 63 subjects with active dermal lesions who visited the
Instituto Nacional de Higiene y Medicina Tropical (INHMT), Guayaquil, and rural health
centers and hospitals in several endemic areas of Ecuador. An epidemiological survey was
conducted on 115 inhabitants in Selva Alegre, Esmeraldas, Ecuador by performing ST and
ELISA. Thirty four school children in Gramalote Chico, Los Rios, were also examined by ST
alone. Thus, a total of 212 subjects were tested by leishmanial ST and/or ELISA in this
study.
ELISA

L. b. braziliensis (MHOM/BR/75/M 2904) obtained from Dr. P. Desjeux, PDP, WHO
(formerly Instituto Boliviano de Biologia de Altura, Bolivia) was cultured with Pan’s
‘medium (Pan, 1984). Soluble extract prepared from the harvested promastigotes was used
as an antigen. The ELISA procedure was performed according to the method described by
Mimori et al. (1987). All the serum samples tested were diluted 1:10. Absorbance values of
more than OD 0.25 at 500 nm were employed as criteria for evaluating positive serum, since
the absorbances in tested control sera from 66 healthy individuals in Ecuador were less than
OD 0.25.
Intradermal skin test

A soluble antigen used for skin testing in this study was prepared by the method of Reed
et al. (1986). The promastigotes of L. braziliensis were harvested and washed five times with
a balanced salt solution. After the final washing the parasite pellet was resuspended in 5
volumes of distiled water, and a freeze-thawing procedure with aceton-dry ice and tepid
water was repeated 10 times. The disruped parasites were diluted in PBS and centrifuged at
10,000 g for 30 min at 4°C. The supernatant was adjusted to 250 ug protein concentration
per m/ before filtration with a 0.45 x sterile filter. One-tenth m/ of the antigen solution was
injected intradermally in the flexor surface of the forearm. Induration size of more than 5 mm
at the site 48 hours after the injection was considered to be a positive reaction based on the
criteria employed by Reed ef al. (1986).
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Biopsy smear specimens _

Smear samples were taken from the margin of ulcerated lesions, stained with Giemsa or
Wright solutions, and examined with an oil immersion objective. At least 100 fields were
examined.

RESULTS

In our initial study, an evaluation of ST and ELISA was made on 63 subjects with active
dermal lesions who visited INHMT, rural health centers and hospitals in Ecuador (Table 1).
In this case 45.5% were positive for leishmanial amastigotes in smear specimens. The ST and
ELISA positive rates were significantly high in the parasite positive group compared with the
parasite negative one (P <0.l in ST, P<0.05 in ELISA, and P <0.05 in the both tests).
However, a relatively high positive rate for ST and ELISA was observed in the parasite
negatives. This high rate suggests that a considerable number of true leishmanial patients
may be included in those parasite negatives. No significant difference in average induration
size between parasite positives (17.4%+9.0) and negatives (13.6+5.7) was observed. These
data indicate that the ST and ELISA are very suitable tools in the screening of Ecuadorian
leishmaniasis.

Using these diagnostic tools, an epidemiological survey was conducted in Selva Alegre,
Esmeraldas (Table 2). Of 115 subjects examined dermatologically for leishmanial ulcers,
nodules and scars, 10 active and 24 of 28 healed cases were discovered from the physical
examination and interview prior to the skin testing. The remaining 4 of the healed cases were
detected by re-examination after these had shown ST-positive results. All the leishmanial
scars in such cases were observed on the usually unexposed areas of the body. We went
through the same experience in another endemic area, Gramalote Chico, Los Rios. In the
survey, typical leishmanial scars were confirmed in 6 out of 8 ST-positives among 34
examinees after skin testing.

In Selva Alegre, a parasitological examination was performed on 7 out of 10 subjects
with active dermal lesions. Only one patient was positive for leishmanial amastigotes, and
he also showed positive responses to ST and ELISA. The ST and ELISA positive rates
among these subjects were 80.0% (8/10) and 66.7% (6/9), respectively. In the subjects with
healed dermal lesions, the positive ST and ELISA rates were 79.2% (19/24) and 71.4%

Table 1 Results of a preliminary evaluation of intradermal skin test and ELISA in 63 subjects
with active cutaneous (leishmanial) lesion in Ecuador

No. examined Positive rate per examineest
Sme.ar female male
specimens* i i
D mn (age) (age) skin test ELISA skin test & ELISA
+ 14 16 93.3(14/15) 92.3(24/26) 90.9(10/11)
(2-66) (1-66)
— 18 15 73.7(14/19) 75.7(22/29) 56.3 (9/16)
(1-66) (7-61)
Total 32 31 82.4(28/34) 83.6(46/55) 70.4(19/27)

*Materials from ulcer lesions were fixed, stained and then examined microscopically.
+ Examinees were not the same number in each test, mainly because of follow-up difficulties.
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Table 2 Correlation between clinical diagnosis and immunodiagnosis in 115 inhabit-
ants in Selva Alegre, Esmeraldas, Ecuador, using skin test and ELISA

Reaction to No. with signs No.
- without Total
skin test ELISA active* healedt signs
+ + 5 15 20
+ - 2 2 8
- -+ 1 1 6 8
- - 1 64 69
(sub-total) 9 24 72 105
+ : NDf 1
ND + . 4
- ND 4 4
ND - 1 1
(sub-total) 1 4 5 10
Total 10 28 77 115

*Persons with leishmanial ulcers.
tPersons with leishmanial scars.
tNot done.

Table 3 Summary of the results of clinical, parasitological and immunological
examinations in 212 subjects in Ecuador

No. with signs

Reacti t
eaction to active* healedt N,O'
- - without Total
skin ELISA smear specimens} .
signs
test + — ND§ .
+ + 11 12 1 15 39
+ - 4 4 2 10
— + 1 5 1 6 13
- — 1 4 64 69
(sub-total) 12 21 3 23 72 131
+ ND§ 4 4 6 2 16
ND + 13 8 6 27
- ND 30 30
ND - 2 5 1 8
(sub-total) 19 17 12 33 81
Total 31 38 3 35 105 212

*Persons with leishmanial ulcers.

tPersons with leishmanial scars.

tMaterials from ulcer lesions were fixed, stained and then examined microscopically.
§Not done.
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Table 4 Frequency distribution of induration size in leishmanial
skin test positive subjects with active or healed
cutaneous (leishmanial) lesions

Induration  NO- . Active lesions Healed lesions
size (mm) gfﬁjzﬁi No. % No. %
5-10 11 9 25.0 2 8.0
11-15 10 10 27.8 “
16-20 18 7 19.4 11 44.0
21-25 16 6 16.7 10 40.0
26-30 2 2 5.6
= 31 2 5.6 2 8.0

(20/28), respectively. Twenty subjects who showed positive reactions for both tests had
either active or healed lesions. It was found that five subjects with those signs were negative
for both the ST and ELISA, while eight without active or healed lesions were positive for one
of the two tests. Coincidence rates of ST and ELISA among 105 subjects, 33 with and 72
without the signs, who received both tests in Selva Alegre, were as follows: both positive,
19.0%; both negative, 65.7%; and positive against one of the two, 7.5%.

Table 3 summarizes the results of clinical, parasitological and immunological examina-
tions of 212 examinees in the current study. Coincidence rates between both tests among 59
subjects who had clinical signs and received the two tests were as follows: positive and
negative for the two tests, 66.1% and 8.5%, respectively; positive against one of the two,
13.5% in ST and 11.9% in ELISA. Furthermore, 64 (88.9%) out of 72 subjects who had no
clinical signs and received the two tests did not react against these tests, completely. Thus,
a close agreement between dermal clinical signs and immunodiagnosis was demonstrated
with a few exceptions.

Frequency distribution of the ST induration size in positive subjects with active or healed
dermal lesions is summarized in Table 4. Average induration size was 15.7+7.7 in active, and
20.0£5.4 in healed cases. The size was significantly different between both cases (P <0.05),
showing a strong ST reaction in the healed one. No significant difference was found in the
induration size between the patients with active and healed cutaneous lesions, when consid-
ered with regard to either sex or age.

DIsSCUSSION

The present study was carried out to evaluate two immunodiagnostic tools, ST and
ELISA, in the screening of cutaneous leishmaniasis in the endemic areas of Ecuador. In the
epidemiological survey in endemic areas, a presumptive diagnosis is often made on the basis
of clinical diagnosis and Montenegro skin test (Mayrink ef al., 1979; Werner and Barreto,
1981). A definitive diagnosis of leishmaniasis requires demonstration of the etiologic agent
from the lesions. However, the visualization of protozoa in tissue samples and the isolation
of parasites from active lesions by culture methods were fraught with difficulties. Weigle et
al. (1987) recommended two diagnostic procedures based on their studies, i.e., dermal
scraping smears for immediate diagnosis and culture of aspirates for a definitive para-
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sitological diagnosis of cutaneous lesions. In the present survey, parasites were observed in
31 (44.4%) of 69 subjects presenting active lesions (Table 3).

As shown in Table 3, ST-positive rate was 81.8% (36/44) of the total skin tested
examinees with active lesions. In the parasite positive cases, furthermore, all subjects but one
proved to be positive for the ST. On the other hand, the positive rate in subjects without
clinial signs was only 3.8% (4/104). It is well recognized that the immunological methods,
especially ST and ELISA, are useful tools for diagnosis of New World cutaneous leish-
maniasis (Bray, 1980). The reliability of these tests, however, has been hampered by the
problem of cross reactivity with various species within the family, Trypanosomatidae, as well
as with other microorganisms such as mycobacteria (Mauel and Behin, 1982). We have no
data with regard to cross reactivity of the present L. braziliensis antigen preparation. Reed
et al. (1986), however, reported that their similarly prepared L. d. chagasi-soluble extract
produced no positive responses in either normal controls, tuberculosis patients, or schis-
tosomiasis patients, and less than 5% positive responses in persons with Chagas’ disease.
From this information and our results, it is dssumed that the present preparation also shows
a lesser degree of cross reactivity. ‘

Table 3 suggests that there may be close agreement between clinical signs and results of
immunodiagnosis, except for 12 subjects in Selva Alegre and 2 in Glamalote Chico. Four
subjects in Selva Alegre, showing negative reactions against both tests, may have had other
dermatological lesions mistaken for leishmanial scars. The remaining cases suggest the
possibility of either cross-reactions with other infectious agents or oversight of leishmanial
lesions.

Diagnosis using ST and ELISA is commonly used against New World cutaneous leish-
maniasis. However, the standardization of skin test antigen has not yet been done sufficiently
to have a satisfactory results. In this paper, we evaluated the soluble extract obtained by the
method of Reed ef al. (1986) from ruptured L. braziliensis promastigotes, as a ST antigen.
Our results obtained showed that the extract was found to be highly sensitive and specific
against Ecuadorian cutaneous and mucocutaneous leishmaniasis patients. It was concluded
that the use of the present ST, together with ELISA, would be useful in diagnosis for patients
with active and healed leishmanial lesions in the endemic areas of the disease.
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Brazil

7Y

The Amazon

Figure 1 Tomé-Agu is a Japanese settlement covering 10 by 25.8 km space,
located 125 km to the south of Belém (latitude 2°31" S, longitude 48°
22" W). The temperature of Tomé-Acu is 21-33°C and the rain fall
in a year amounts 2,635 mm on the average. The place makes
highly vegetated flat area at 11-30 m above sea level and with
natural water networks by Amazon branches.

TeRxabar2RAVWTERL, ZO&0LEE:
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HEORIEIZ, EBES (1986) 233 Tz L7
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Figure 2 Histogram of the frequencies of Ascaris-antigen-specific-IgE anti-
bodies (RFU values) in Tomé-Acgu inhabitants. ‘
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Figure 3 Frequencies of the Ascaris -antigen-specific-IgE antibodies (RFU
values) of Japanese donors of Gunma University Hospital.
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Figure 4 Comparative frequencies of anti- Toxoplasma antibodies
between Tomé-Ag¢u inhabitants and blood donors in
Gunma University Hospital.

Table 1 High anti- Toxoplasma antibody titers in age groups of Tomé-Acu inhabitants

Titer (No. of cases)

Age group
<16 32 64 128 256 512 1,024 2,048 4,096 8,192 16,384 32,768
<10 1* 1 1t ' b
10-19 22 2 6 5 6 3 4 4 4 2 2
20-29 14 7 4 9 7 5 4 2
30-39 8 4 3 7 2 3 3 2 1
40-49 4 3 2 8 6 6 3 1
50-59. 3 3 1 2 2 1 1
60-69 1 2 4 3 1 3 1 1 1
0= 1 2 1

*2 years old 18 years old 19 years old

Table 2 Distribution of anti- 7oxoplasma antibody titers in age groups of blood
donors in Gunma University Hospital

Titer (No. of cases)

Age group
<16 32 64 128 256 512 1,024 2,048
10-19 32
20-29 133 1 2 1 4 1 2 1
30-39 110 4 4 4 8 5 4
40-49 55 2 3 5 4 7 1
50-59 5 1 1
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Table 3 Comparison of positive rates of anti- Toxoplasma anti-
body titers in each group

Positive rate, % (No. of examined)

Age group
Tomé-Acu inhabitants Gunma Univ. blood donors

<10 75.0 (4) ND
10-19 63.3 (60) 0 (32)
20-29 73.1 (52) 8.3 (145)
30-39 76.5 (34) 20.9 (139)
40-49 88.2 (34) 28.6 (77)
50-59 76.9 (13) 28.6 (7)
60-69 94.1 (17) ND
0= 75.0 (4) ND

ND : Not done
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HIGH ANTIBODY POSITIVE RATES OF ASCARIASIS AND
TOXOPLASMOSIS IN AN AMAZONIAN JAPANESE SETTLEMENT

KUMIKO SATO', SHIGEYUKI KANO?, MILTON M. HiDa®
HIROSHI YANAGISAWA*, HATSUE OGAWARA! AND MAMORU SUZUKI?
Received June 10 1989/Accepted October 10 1989

Seroepidemiological studies on ascariasis and toxoplasmosis were conducted in a
Brazilian Japanese settlement, Tomé-Acu, in August, 1988. The specific IgE antibodies
against Ascaris antigen were assayed and 99 individuals out of 221 inhabitants in the area
were found positive (44.8%), while only 4 out of 182 blood donors in Gunma University
Hospital, Japan, were positive (2.2%). The poor general sanitary conditions such as water
supply or sewerage system in Tomé&-Acu may be the cause of the high positive rate of anti-
ascaris antibody. The specific IgG antibodies against Toxoplasma were assayed, 164 out of
218 were positive in Tomé-Acu (75.2%), while 65 out of 400 were positive in Gunma
University Hospital (16.3%). The results of the questionnaire showed that 77.6% of the
inhabitants in Tomé-Acu kept cats in their houses. Very few of them answered the custom
of taking under-cooked meat. The role of cats was assumed to be attributable to the high
prevalence rate of Toxoplasma infection.

College of Medical Care and Technology, Gunma University, Maebashi 371, Japan
Department of Parasitology, Gunma University School of Medicine, Maebashi 371, Japan
Faculdade de Medicina de Botucatu-UNESP, Brazil

Department of Public Health, Kyorin University School of Medicine, Tokyo 181, Japan
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Photo. 1 Dorsal view of third larval stage of Cordylobia anthropo-
phaga expelled from the lesion of right abdomen of a

patient,
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AN IMPORTED CASE OF MYIASIS CAUSED BY A LARVA OF
CORDYLOBIA ANTHROPOPHAGA FROM AFRICA

NoBORU KAGEI', IwAO MURATA? AND HIROSHI KURAHASHI®
Received June 7 1989/Accepted August 26 1989

A 25 year-old Japanese man (musician) had been in Middle-Africa for the concert-tour
from 14 January to 20 February 1989. On 21 February after homecoming to Japan, a lesion
with a severe pain was found in the right abdomen. He expelled a white larval worm (1.5 cm
in length) from this lesion by pressure of his fingers. This larval worm taken out from the
lesion was identified as the third-stage larva of Cordylobia anthropophaga (Blanchard, 1893),
by their pair of toothed, spade-like oral hooklets and by several pairs of posteriorly directed
fleshy processes arising from the twelve abdominal segments, as well as by the character of
the posterior spiracles, which lack a distinct chitinous rim.

The disease caused by the larva of C. anthropophaga is a familiar form of myiasis in
Africa. This fly lays its eggs on dry sand polluted with the excrement of animals, or clothing.
The hatched larva invade the skin of human and animals. This patient may be contacted with
a larva of this fly in Africa.

1 Department of Parasitology, National Institute of Health, Tokyo 141, Japan
2 The Tokyo Metropolitan Research Laboratory of Public Health, Tokyo 169, Japan
3 Department of Medical Entmology, National Institute of Health, Tokyo 141, Japan
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