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Bilharziasis a is endemic on the mainland of China and in the larger
islands of the chain extending along the western rim of the Pacific from
Honshu to the Celebes, 4,000 miles southward. In many parts of this area,
violent eruptions of acute epidemic diseases are not uncommon. Under
these conditions, a disease less spectacular and less destructive in its initial
phases is apt not to be of great concern. Consequently, the public-health
significance of bilharziasis has not been sufficiently understood or ade-
quately evaluated in many of the countries in which it exists.

Because of the absence of pathognomonic symptoms and the simi-
larity of its manifestations to those of other diseases, bilharziasis is fre-
quently overlooked. Where it occurs alongside of such common maladies
as malaria, dysentery, and nutritional deficiencies, it is often confused
with these conditions. In one newly discovered endemic area on the Island
of Mindanao,10' 30 all bilharziasis patients in a nearby civilian hospital
were diagnosed as having one or more of the above-mentioned con-
ditions, the correct diagnosis never having been suspected.

The mortality in the initial or acute stages of the disease is very low.
There were only 2 deaths in over 1,700 cases in American forces on Leyte
following the invasion of the island in October 1944. Yet it is estimated
that the disease resulted in a loss of over 300,000 man days and immediate
medical-care costs of approximately $3,000,000, not to mention subsequent
veterans' benefits. Failure of treatment to stem production of ova was
responsible for the retention of these patients in hospitals and convalescent
camps for many months and thus added to the loss of their services and
to the cost of their care. The wisdom of retaining them under observation
and of continuing treatment can scarcely be debated, however, in the light
of the number of cases which have since appeared with cerebral involve-

* Presented before the Section on Public Health and Nutrition, Seventh Pacific Science Congress,
Christchurch, New Zealand, 16 February 1949

a The Joint OIHP/WHO Study-Group on African Schistosomiasis, at its first session, held in Cairo,
from 24 to 29 October 1949, " desired that the priority of Bilharz, as describer of the causative parasite of
schistosomiasis, should be recognized, and that accordingly the name of Bilharzia be retained for its genus,
and the name bilharziasis for the disease ".
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ment. Even though many of these patients were only lightly or moderately
infected as -a result of what in most cases was probably a single exposure,
it is questionable whether the majority could have returned to full duty
within the period during which they were retained for observation.

In native populations in endemic zones, repeated exposure and infection
result in a far more chronic type of disease than that encountered in the
group just mentioned. Cumulative tissue-damage in the wall of the bowel,
the liver, and other organs leads to increasing debility and a gradual
sapping of the resistance of the individual until he becomes easy prey for
intercurrent infections. It is this chronic and debilitating nature of the
disease that accounts in the main for its public-health importance.

Distribution and Extent of Bilharziasis Japonica

Elsewhere the writer has attempted28 to set down the distribution
of Schistosoma japonicum and to list the known intermediate hosts in the
various endemic areas. Since that publication, some of my Chinese
colleagues have informed me that the list for China is not complete and
that other endemic zones are known. Also, more recently, Pesigan 21,22
has added other endemic areas in the Philippines with his discovery of
the disease in Sorsogon Province, island of Luzon, the first demonstration
of its existence on that island, and his findings of additional foci on
Mindanao. These foci represent an extension of the Maranding area,
Province of Lanao, discovered by Wright et al.,-" and new foci in Zamboanga
and Misamis Occidental Provinces. No attempt will be made to repeat
the previous listing of the various zones of endemicity.

The incidence of infection is not known for many localities and no
accurate information is available concerning the number of sufferers from
the disease. Stoll 24 has recently published certain estimates, but it seems
probable that these are, in certain instances, wide of the mark. In an
effort to arrive at more rational figures, the writer has attempted to estimate
the number of infected persons in the various countries. This estimate is
presented in table I.

Calculation of the number of cases in China is difficult. Little detailed
information is available concerning the local distribution of the disease
and local infection-rates because reported endemic areas have not been
accurately delineated and incidence figures are but little known. The most
recent summary is contained in the paper by Mao,19 who stated that the
disease is endemic in 138 of 983 hsiens in 11 provinces. The rural popula-
tion of the 138 hsiens is 25,290,286. Applying the available incidence data
to this population, Mao estimated that a total of 5,310,960 individuals
are infected. As Mao himself indicates, this estimate does not present a
true picture for the reason that relatively inefficient methods of stool
examination were used in many of the surveys upon which incidence figures
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TABLE I. ESTIMATE OF NUMBER OF PERSONS INFECTED WITH SCHISTOSOMA
JAPONICUM IN THE WESTERN PACIFIC

Country Subdivision Numberoftpdrsons Total for country

China Provinces
Anhwei 4,368,407
Chekiang 5,897,265
Fukien 2,216,866
Hunan 2,617,111
Hupeh 2,127,186
Kiangsi 2,567,323
Kiangsu 3,616,041
Kwangsi 3,635,882
Kwangtung 2,912,892
Szechwan 2,354,429
Yunnan 464,228 32,777,630

Japan Prefectures
Chiba 672
Fukuoka 13,748
Hiroshima 2,164
Ibaraki 1,099
Okayama 46
Saga 9,681
Saitama 669
Shizuoka 4,299
Yamanashi 142,058 174,436

Republic of the
Philippines Provinces
Leyte Leyte 82,154
Luzon Sorsogon 4,170
Mindanao Agusan 3,217

Bukidnon 1,086
Davao 3,913
Lanao 13,882
Misamis Occidental 30,828
Surigao 11,555
Zamboanga 10,714

Mindoro Mindoro 14,189
Samar Samar 74,224 249,932

Celebes Lake Lindoe Area 1,000 1,000

Total estimated number of persons infected 33,202,998

are based, and because the disease is probably endemic in many hsiens
other than those in which it is known at present. Evidence of the inadequacy
of the above-mentioned data is furnished by Li 15 who estimated on the
basis of extensive investigations by himself and Chen that 38 % of the
population of 12,890,938 of 37 districts in Kiangsu and Chekiang Pro-
vinces are sufferers from the disease. This amounts to 4,898,556 infected
persons in parts of only two provinces, a figure not materially below Mao's
estimate for the entire country.

Stoll's calculations for China 24 were based on an infection-rate of 20%
of the population of the provinces comprising the chief centres of infection
and 10% of the population of other provinces in which the disease is known
to be endemic. It seems probable that the rate of 10% is too low for
certain provinces and the rate of 20% too high for other provinces. I have
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discussed this point with many Chinese workers. As a result of their advice
and on the basis of incidence data in the literature, I have accepted for the
purposes of this summary, the following percentages of infection for the
several provinces: Anhwei, 20; Chekiang, 30 ; Fukien, 20; Hunan, 10;
Hupeh, 10; Kiangsi, 20; Kiangsu, 10; Kwangsi, 25; Kwangtung, 10;
Szechwan, 5 ; and Yunnan, 5. I have applied these rates to the population
figures published in July 1947 by the Directorate General of Budgets,
Accounts and Statistics, National Government of China, and furnished
to me through the courtesy of the Chinese Embassy, Washington, D.C.
According to this estimation, the number of infected persons in China
would be 32,777,630.

In the case of the other countries in which bilharziasis japonica is
endemic, information is available upon which to base more accurate
aggregates. Estimates for Japan have been arrived at through the application
of infection-rates in the various townships and counties of the infected
prefectures, as obtained by the Commission on Schistosomiasis, Office
of the Surgeon General, US Army, and by Colonel G. W. Hunter, III,
406th Medical General Laboratory, Tokyo, Japan. These have been applied
to the 1946 population figures for these areas as published in the Official
Gazette. Since the endemic areas have been outlined with a considerable
degree of accuracy,11' 29 it is believed that the estimates are valid within
narrow limits. The total of 174,436 infected individuals for Japan is far
under the estimated number of 1,420,982 arrived at if we were to apply
Stoll's formula 24 of 10% of the population of the infected prefectures to
the 1946 census figures.

The estimates for the Philippines are based on infection-rates derived
from a number of sources and applied to the 1946 population estimates
of the municipalities in which the disease is known to be endemic. The
population data were furn'ished through the good offices of the Embassy
of the Republic of the Philippines, Washington, D.C. Sources of the
incidence data include published papers, unpublished and published
reports of the Bureau of Health Schistosomiasis Survey Teams on Leyte,
Mindoro, and Mindanao, unpublished data compiled by various malaria
survey units during the second World War and furnished to me through
the courtesy of Colonel P. 0. Wells, unpublished material obtained by the
5th Malaria Survey Unit and the 27th Medical Research Unit'supplied
through the kindness of Dr F. Bang and Dr M. S. Ferguson, and records
of the Commission on Schistosomiasis. Here again, it is believed that the
present estimates are more accurate than those of Stoll 24 who based his
computations on 30% of the population of the islands in which the disease
is known to be endemic. This method of computation would indicate a
total of 1,421,010 cases in the Philippines, exclusive of Luzon, as against
our estimate of 245,762. For the island of Leyte, where the endemic areas
are known with considerable certainty, the Stoll formula would indicate
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more persons infected than live in the endemic area (30% of the island
population, 326,190 ; population of endemic area, 299,089).

The small focus of bilharziasis in the Lake Lindoe region of the Celebes
was estimated by Stoll 24 tocontain a few thousand cases. So little is known
about this area, however, that any figure would be merely a guess. Faust
& Bonne,8 in summarizing information concerning the area, noted that
approximately half of the 176 inhabitants of three villages were passing
eggs in the stoo t is difficult to conceive that this small focus represents
the only endemic' ea on an island with a population (according to estimates
for 1944) of 4,600,000, and it is probable that other foci remain to be dis-
covered. To err on the side of conservatism, we have taken an arbitrary
figure of 1,000 cases for this island.

The estimates in table I are undoubtedly on the conservative side.
For China, it is not improbable that the actual number of persons infected
would exceed the estimate. In the case of Japan, the aggregate is believed
to be reasonably accurate for the reason that the extent of the endemic
areas is well known and considerable information is available concerning
the incidence-rates in various localities. The same may be said for the
island of Leyte, which was surveyed extensively during the late war. Parts
of Samar have not yet been covered. It is possible that the disease exists
in as yet unknown areas in Mindoro and Luzon. It is quite certain that
the estimates for the island of Mindanao are extremely conservative, since
there is good reason for believing 30 that the disease exists in parts of the
island not yet surveyed and possibly in sections not yet explored.

The bilharziasis problem in China is of vast proportions and far over-
shadows the significance of the disease in other areas. In Japan, where
the disease has long been known and where much research has been
conducted on many of its aspects, it is of relatively minor significance,
with only two important foci, one in the vicinity of Kofu in Yamanashi
Prefecture and the other around Kurume in Saga and Fukuoka Prefectures.
With increasing evidence of new foci in the Philippines, this country ranks
next to China in the public-health importance of the disease. Until the
second World War, the disease was known to be endemic on Mindanao
in only small areas of two provinces. The present estimates indicate that
cases in known endemic areas almost equal those on Leyte, which has
hitherto been considered to be the most heavily infected island. The fact
that Pesigan22 has recently found the disease in Misamis Occidental,
where the writer and his associates predicted that it would be found, leads
one to believe that other endemic areas exist. Particularly is this believed
to be true for the Agusan River valley, which has not been surveyed to date
but which is thought to be heavily seeded with the disease.

Formosa has been omitted from this summary for the reason that some
doubt exists concerning the presence of infection in the human population
although the disease is known in lower animals. Dr Fu-Ching Li, formerly
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of the National University of Taiwan, has kindly advised me that, during
his work in Formosa, he encountered no human cases of bilharziasis and,
further, that no human cases had been reported in the Japanese literature
up to 1948. Dr Li stated that he found Katayama formosana, the inter-
mediate host, in only two places, viz: Pei-toe and Hsiau-poo-hsin-dsan,
both of which are presumably located in the Province of Taichiu. Snails
in these areas had a very low incidence of infection. Dr Li believed that
swine are more frequently infected than are other a ls.

There is a suspicion that bilharziasis exists in soi central Korea.
However, this suspicion has never been confirmed and, in the absence
of evidence to this effect, Korea is not included in this compilation.

Intermediate Host

Various species of snails have been reported as intermediate hosts
of S. japonicum since Miyairi & Suzuki20 first demonstrated that Oncomela-
nia (Katayama) nosophora transmitted the infection on Kyushu. Table II

lists the species which have been designated by various authors as capable
of serving in this capacity. There has apparently been considerable confusion
in naming various snails found in certain endemic areas of the disease and
implicated, either by inference or demonstration, in transmission. Abbott'
is of the opinion that Schistosomophora Bartsch and Katayama Robson
are synonymous with Gredler's genus, Oncomelania. Thus all known
intermediate hosts would appear to be members of this genus. The status
of certain designated species in China will be in doubt until studies can be
made of the internal anatomy. However, on the basis of our present
knowledge, it would seem that most, if not all, of these species are syno-
nymous either with 0. hupensis or 0. nosophora. Abbott2 has recently
chosen to list Oncomelania nosophora (Schistosomophora) slateri as a

subspecies, probably pending a study of the soft structures. However, one

TABLE II. SPECIES OF SNAILS REPORTED TO SERVE AS INTERMEDIATE
HOSTS OF SCHISTOSOMA JAPONICUM

Species of snail Country Author

Katayama cantoni China Bartsch, 1936
Katayama fausti China Bartsch, 1925
Katayama (Blanfordia) formosana Formosa Yokogawa, 1915
Katayama lii China Bartsch, 1936 4
Katayama nosophora China Faust & Meleney, 1924 9
Katayama (Blanfordia) nosophora Japan Miyairi & Suzuki, 1914
Katayama nosophora yoshidai Japan Bartsch, 1936'
Oncomelania hupensis China Faust & Meleney, 1924'
Oncomelania schmackeri China Bartsch, 1936 4
Oncomelania tangi China Bartsch, 1936 6
Schistosomophora quadrasi Philippines Tubangui, 1932 27
Schistosomophora robertsoni China Bartsch, 1946 '
Schistosomophora slateri China Bartsch, 19466
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should not be too arbitrary in ruling out the possibility of other species of
the genus Oncomelania or, as a matter of fact, of species of closely related
genera serving as intermediate hosts of S. japonicum in the Far East, because
of the recent finding of Berry & Rue7 that Pomatiopsis lapidaria in the
USA is capable of acting in this capacity.

Ecology
The intermediate hosts of S. japonicum are essentially similar in their

ecological requirements. All are amphibious and spend a major portion
of their time out of the water. They favour the moist soil at the margins
of slow-moving streams, ditches, irrigation canals, and overflow areas
richly supplied with vegetation. In the more northern limits of the endemic
areas, they are found on dead leaves or decaying vegetation, or lying free
in the grass or under vegetation at or near the water line. The northern
species hibernate during the winter and either bury themselves in the mud
or find refuge in crevices and fissures in the soil above the water line. At
Katayama, Japan, the writer has recovered 0. nosophora buried in the
mud 3 inches (7.6 cm.) below the surface of a dried-up pond. With the advent
of warmer weather in the spring, the snails emerge and resume their activity,
They are not usually found in the rice-fields proper, although they may
be located at times along the margins.

Environmental requirements of 0. quadrasi in the Philippines are not
materially different from those of the species encountered farther north
except that the snails do not hibernate but are active the year around.
Since irrigation systems in the Philippines are not as highly developed as
those in China and Japan and agriculture is not carried out on such an
intensive scale, 0. quadrasi is encountered mainly along the banks of
small, slow-flowing, vegetation-clogged streams. Eavourite resting places
in the streams are decaying palm fronds, water hyacinths, and coconut
husks, although the snails are frequently found on the moist soil in over-
flow areas. They may be located under the water and on the muddy bottom.

The snails probably favour slightly alkaline water but apparently live
equally well in water slightly on the acid side. However, there is consi-
derable shell erosion if the pH drops below 6.6. Soils in nearly all of the
endemic areas are of the rich humus type. Faust & Meleney9 failed to
locate intermediate hosts in China in areas with heavy clay soils and
suggested that a substratum of this type would probably not provide suitable
conditions for hibernation.

None of the snail hosts frequents larger, swift-flowing streams. This,
of course, does not necessarily mean that infection cannot be acquired
from such streams through cercariae washed down from small tributaries.
This no doubt occurs not infrequently in the Philippines where snails are
often abundant in depressions contiguous to the larger streams which
overflow during the rainy season.
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Development
Developmental patterns in the known intermediate hosts are essentially

parallel. Development of 0. nosophora was studied by Sugiura25 in Japan,
that of the intermediate hosts in China by Li,'4 and that of 0. quadrasi
in the Philippines by Sumpaico26 and later by Abbott.' The reproductive
pattern is of practical importance from the standpoint of control. In the
north, the snails become sexually active in the late winter and early spring.
Pairing is pursued actively through May. By June and July copulation
has decreased but may continue on a reduced scale even as late as October.
In the Philippines, McMullen'6 found that egg production in 0. quadrasi
was almost continuous, although it is greatly increased at certain times,
which may depend on local conditions such as the amount of rainfall.

Eggs of Oncomelania are laid singly and are deposited on coconut
husks, decaying vegetation, leaves, water plants, or on mud. The egg is
0.6 to 0.7 mm. in diameter but is usually covered with a protective capsule
of sand, mud, or faecal material which is carefully patted on by the female
after oviposition (Abbott). The diameter of the egg plus capsule is 1 to
1.5 mm. The eggs are difficult to detect because the brownish capsule
blends harmoniously into the colour of the background.

In the north, development of the embryo is influenced considerably by
the temperature of the water and, in the south, by rainfall and water level
in the streams. Division begins soon after deposition of the egg. Hatching
takes place in 11 to 15 days. Under experimental conditions, Sugiura2
found that the newly hatched snails grew rapidly to reach a length of 4.0 mm.
in 6 weeks, after which growth was less rapid. In the Philippines, under
natural conditions, McMullen 6 observed that 0. quadrasi grew at the
rate of about 0.25 mm. per week and reached maturity in 4 to 5 months.
Under favourable conditions, it is probable that 0. nosophora reaches
maturity in about the same period of time. Thus, in Japan, there is probably
only one generation a year, while there are at least two per year in the
Philippines. Sugiura estimated 5 years as the length of life of 0. nosophora,
while McMullen thought that 0. quadrasi had a life-span of approximately
one year. It seems probable that Sugiura's estimate is too high and
McMullen's too low.

From the standpoint of the transmission of the disease in northern
endemic zones, the pattern is probably as follows. Adults and juveniles
infected during the late summer and early fall will proceed to produce
cercariae in the following spring and early summer, which will account
for a large part of human exposure in the rice-planting season. In this
exposure period, McMullen (personal communication) believes that over-
wintering juveniles probably play the major role. The younger generation
of snails, offspring of the brood of the year before and hatched late in the
season, will hardly participate in this exposure. However, they will be
exposed promptly to infection in the spring and, along with the now mature
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brood of the summer before, provide exposure during the summer. In the
late summer and early fall, some snails hatched in the spring will contribute
to exposure, since sufficient time will have elapsed for infection and shedding
of cercariae. This is a distinct possibility because of the fact that eggs will
be deposited in early spring by females impregnated the previous fall
(Berry, personal communication).

The exposure pattern in the southern endemic zones presents a different
aspect. With breeding and infection of snails and production of cercariae
continuing all the year round, exposure is theoretically possible at all
periods of the year. Actually it would appear to be reduced in the dry
season and augmented at the end of the rainy season, and this is probably
the case as McMullen'6 has pointed out. Intermittent rains with brief
flooding of low-lying areas probably result in increased cercarial production
during certain periods of the dry season.

These facts are of the utmost importance from the standpoint of control.
In the northern zones, application of molluscicides would probably be most
effective in the spring and fall, the first to obviate enhanced exposure
during the planting season and the second to prevent, insofar as possible,
overwintering of infected snails. For the southern endemic zones, applica-
tion after the end of the rainy season and again near the end of the dry
season would produce most favourable results.

Control of Bilharziasis Japonica

Difficulties of control
There are numerous factors which have a bearing on the control of the

disease. The complexity of the problem is increased because it is intimately
linked with agricultural methods, the economy of the people, and sanitary
and hygienic practices.

In nearly all endemic areas in the Far East, bilharziasis is to a great
extent an occupational disease associated with rice farming, since most
of the exposure is encountered in the nursery beds, the rice-fields, and in
the contiguous irrigation systems. The necessity of maintaining the fertility
of the soil by the use of human excreta contributes materially to the cycle
of transmission in China and possibly in certain areas in Japan. It seems
unlikely that agricultural practices can or will change. Rice is the staple
diet of this part of the world. There is in China only one-halfacre (2,020 m.2)
of arable land per person and in Japan 5 persons must exist on the produce
of a single acre of such land. With these bare subsistence levels, it is highly
improbable that the use of night-soil can be avoided or that expensive
commercial fertilizers can be substituted to obviate disease hazards. In
this connexion, Reisner23 has estimated that it would take, annually,
3,055,000,000 pounds (1,385,000,000 kg.) of nitrogen, phosphoric acid,
and potash valued at $502,000,000 to replace the fertilizing value of night-
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soil. For 23 cents (1920 gold value), a Chinese farmer could purchase
1,000 pounds (454 kg.) of night-soil whereas this amount of money would
buy only 8 pounds (3.6 kg.) of a high-grade commercial fertilizer. Reisner
concluded that China must of necessity continue to use night-soil to main-
tain the fertility of her land and to keep up her agricultural production
and that neither modern commercial fertilizers nor vegetable meal fertilizers
can compete with night-soil. Thus, the basic factors which provide ideal
conditions for the transmission of bilharziasis are those which can hardly
be eradicated or altered sufficiently to provide a solution to the problem
of control.

Infection is of course acquired in other ways. Faust & Meleney9 have
pointed out that boatmen on the inland waterways in China are frequent
sufferers from bilharziasis, and this is probably true also for that large
number of persons who actually live on the water in many of the endemic
areas in that country.

The practice of washing clothes and bathing in infested bodies of water
is common in many of the endemic zones in the Far East and is an important
factor in the transmission of the disease. This is particularly true for the
Philippines. In the absence of other facilities, it would be next to impossible
to bring about any change in such customs.

Promiscuous defaecation in rice-fields, irrigation canals, streams, and
depression areas throughout many of the endemic zones undoubtedly
contributes materially to the perpetuation of the disease. While more

enlightenment in regard to proper sanitation may eventually have some

influence on this source of infection, educational measures along this line
cannot be expected to yield results for many years to come.

TABLE IlIl. SCHISTOSOMA JAPONICUM INFECTION IN LOWER ANIMALS IN
ENDEMIC AREA IN YAMANASHI PREFECTURE, JAPAN, 194-1945

Species Number Number PercentageSpecies examined positive positive

Cattle 7,059 2,184 30.9
Goats 1,118 158 14.1
Dogs 353 176 49.9
Horses 967 0 0
Rats" (probably including field-

mice, Microtus spp.) 1,707 656 38.4
Moles 68 13 19.1
Mustela sp. * 10 9 90.0

* Probably Mustela (lutreola) itatsi
These data were supplied by the Prefectural Health Department.

In Japan, reservoir hosts among lower animals no doubt contribute
to the spread of infection. Table III presents infection-rates in certain
lower animals in the endemic area of bilharziasis in Yamanashi Prefecture
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in Japan. Faust & Meleney9 were of the opinion that reservoir hosts were
not of importance in the transmission of the disease in China. However,
Wu31 has not agreed with their conclusions. Wu stated that swine and
dogs were found infected and believed further that oxen and buffalo were
important links in the spread of the disease. On examination of animals
presumably from endemic areas in Chekiang, Anhwei, and Kiangsu Pro-
vinces, this worker discovered S. japonicum infections in 12.6% of 399 oxen
and 18.7% of 406 buffalo. In the Philippines, rats, dogs, cats, swine, and
young carabao are infected. Rats do not frequently pass ova, but dogs,
cats, and swine no doubt contribute to some extent to the spread of infec-
tion. Adult carabao show some resistance to infection and it is probable
that they do not serve as reservoir hosts to any appreciable extent.

Methods of control
There are many different approaches to the problem of control. These

may be listed briefly, as follows:
1. Chemical treatment or suitable storage of night-soil to render ova

non-viable.
2. Paving of drainage ditches and irrigation canals and removal of

vegetation from banks to facilitate the flow of water.
3. Large-scale treatment of infected individuals.
4. Control of infection in reservoir hosts.
5. Education of the public to limit the practice of promiscuous defaeca-

tion and the custom of bathing and washing clothes in infested waters.
6. Use of molluscicides.
The Japanese have tried all of these methods and have attained consider-

able success in at least one endemic area-the Fukuyama area in Hiroshima
and Okayama Prefectures. The first method has not actually been applied
in this area but was started in Saga Prefecture before the war. Since 1916,
when control measures were inaugurated in the Fukuyama area, consider-
able progress has been made in reducing the number of infections and limit-
ing the spread of the disease. Whereas in 1916, bilharziasis was endemic
in some 20 townships in 3 counties, it has now been practically eliminated
from Ashina County of Hiroshima Prefecture and Shitsuki County of
Okayama Prefecture. In Fukuyama County, the disease is now found in
only 7 townships with extremely small numbers of cases in 5 of these
townships. Only in Miyuki and Kannabe townships is there any appre-
ciable number of persons involved. At present, only about 20% of the
population of these townships is infected, whereas 30 years ago the rate
was nearly 70 %. At the present time, the snail intermediate host is almost
entirely restricted to this small area. Sustained community effort over
these years has made this result possible. No doubt the disease could have
been eradicated from this area had more effective molluscicides been
available.
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Few experiments have been carried out to determine whether schisto-
some ova in night-soil can be destroyed or rendered non-viable by the
use of chemicals or suitable periods of storage. Such experiments as have
been conducted seem to indicate that ova do not hatch to any extent in
raw faecal material. However, there is little information available as to
the length of survival of ova in stored faeces. A suspicion exists that
storage, except for long periods, may not have a marked deleterious effect
on the ova. Jones et al.12 found that S. japonicum ova would not hatch
in raw institutional sewage but did so at a normal rate when suitable
amounts of water were added. Under anaerobic sludge digestion, ova
survived for 3 weeks at temperatures of 750 to 850 F. (23.90 to 29.40 C.).
Kan & Yao 13 stated that the storage of night-soil for from 12 to 14 days
results in destruction of ova. On the other hand, Yao32 believed that the
material must be held for at least one month to accomplish this purpose.
This appears to be one phase of the control problem upon which more
research could be effectively carried out. It is improbable that the use of
chemicals would offer any solution since the cost of any such treatment
would be prohibitive and out of reach of millions of individuals existing
at a bare subsistence level. Even though suitable methods might be worked
out for the storage of night-soil for the destruction of ova, it seems highly
improbable that such methods would be adopted voluntarily by the bulk
of the people in the endemic areas. Enforcement of any regulations by
police power would be equally impractical of application. It would therefore
appear that efforts at control in this way would have little opportunity
for success.

The clearance and paving of irrigation canals and drainage ditches
in the Fukuyama area of Japan has contributed in part to the control
of the snail intermediate host. However, this has been done in conjunction
with other methods of control and in itself would hardly solve the problem.

Large-scale treatment of infected individuals has been carried out in
Egypt and in at least two of the endemic areas in Japan. It is questionable
whether such treatment has contributed substantially to the control of the
disease. It seems unlikely that chemotherapy will be of any material value
in this regard unless new drugs are developed which will be far more
specific than those now available. If more efficient compounds are ela-
borated, then they may be expected to aid in control. However, unless
reinfections can be prevented, drug treatment becomes a never-ending
procedure.

There is no doubt but that in some areas reservoir hosts in lower animals
contribute in some degree to the perpetuation of infection. It is difficult
to assess the role of lower animals in maintaining the life cycle of the
parasite because in most endemic areas human infection contributes so
preponderately to this end. Prevention of infection in lower animals
would be even more difficult than limiting exposure in the human population.
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Consequently, attempts to eliminate this source of infection would scarcely
constitute an easy approach to the problem of control.

Education is undoubtedly of value in connexion with any effort towards
disease control. However, its dividends are not immediately forthcoming,
and material progress is frequently not made for years or even generations.
The transmission of bilharziasis is intimately linked with the daily habits
of millions of people. The behaviour pattern of the individual is deeply
ingrained and is usually not amenable to abrupt and sweeping alterations.
Education and demonstration will aid in the control of this disease as they
have in the control of many other diseases. However, these passive
measures in themselves cannot be expected to produce immediate results
and must be reinforced by more direct and more active methods of attack.

There is probably no one field of research in tropical medicine that has
been more neglected than that dealing with the development of more
effective molluscicides for the destruction of the snail intermediate hosts
of the human schistosoma. In spite of the fact that attempts at the control
of the disease have been made in many countries for years, little sustained
effort has been exerted towards developing new methods of dealing with
the weakest link in the chain of transmission. McMullen & Graham 18
of the Commission on Schistosomiasis were the first to make any progress
in this field. They found several chemicals which gave promise for the
destruction of Oncomelania quadrasi. Two compounds, dinitro-o-cyclohexyl-
phenol and its dicyclohexylamine salt, were not only highly effective for
the destruction of the snails but killed eggs and cercariae as well. McMullen 17
has since continued this work and preliminary field trials in Japan have
given very promising results. Further field trials are needed with these
compounds and additional research is indicated in an effort to discover
cheaper and equally effective chemicals.

In the event that a cheap, effective, and safe chemical can be developed
for snail destruction, there seems little doubt but that substantial progress
can be made in the control of the disease in many areas. The endemic
foci in Japan are particularly vulnerable to concentrated attack with
effective moiluscicides. The problem is not quite so simple in the Philip-
pines since the ecology of the intermediate host renders destruction more
difficult. In China, the problem of control is most complex and, even
with the addition of more effective weapons to the present armamentarium,
will be a long and expensive procedure. It is believed, however, that the
most promising course of action in any of the areas known at present
lies along the line of attack on the intermediate hosts. The availability
of an effective molluscicide would obviate the dissipation of effort and funds
in the pursuit of other methods of control which in the long run seem to
offer little promise, because at one point or another they run foul of the
agricultural practices, the economy, or the habits of the people in the
endemic zones.
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SUMMARY

Because of its insidious onset and its chronic course, bilharziasis japonica is a non-
spectacular disease in a part of the world where spectacular diseases are of common
occurrence. For this reason, its public-health importance has been largely overlooked
in many of the areas in which it is endemic.

The disease affects millions of persons. It is estimated that there are nearly 33,000,000
sufferers in China, 174,000 in Japan, close to 250,000 in the Philippines, and lesser
numbers elsewhere.

Four different snails of the genus Oncomelania serve as intermediate hosts. It is
probable that other species so designated are synonymous with some one of these four.
The ecology of the snail hosts has been reviewed with respect to the transmission pattern.

Various control measures are discussed and it is concluded that the most pressing
need concerns the development of a cheap, safe, and effective chemical for the destruction
of the snail hosts. With the availability of such a molluscicide, the problem of control
would be immeasurably simplified.
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