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SYNOPSIS

This paper describes a limited survey of bilharziasis and its
vectors carried out during 1950 and 1951 in some countries of south-
western Asia. Lack of time and of full facilities prevented the survey
from being as comprehensive and systematic as would have been
wished, but enough data were obtained to provide a general estimate
of the situation.

Information already available from the literature was supple-
mented by collecting unpublished records, questioning the in-
habitants, examining random samples of stools and urine, and
investigating rivers, wells, and springs. Bilharziasis haematobia is
already heavily endemic in the irrigated areas of Iraq and is also
present, in comparatively smaller foci, in northern Syria, Israel, and
Sa'udi Arabia. In the opinion of the senior author (M. A. A.),
the envisaged extension of irrigation is likely to create a serious
health problem in Mesopotamia and to introduce the disease into
the Jordan region unless the spread of the molluscan vector, Bulinus
sp., is checked. Intensification of infection and further spread are
possible in Israel and in the Syrian Jezire, while the remainder of
Syria and Lebanon are not considered to be endangered. Bilharziasis
mansoni is widespread in the fertile areas of Sa'udi Arabia and also
occurs in one minor focus in Israel. The industrialization of Sa'udi
Arabia which is planned to exploit its oil resources, with its inevitable
concentration of population, equally presents a danger in the inten-
sification of bilharziasis. It is considered that, unless prompt
measures are undertaken to break the link between the agricultural
and industrial expansion and the spread of the disease, the debilita-
tion of large groups of the population and the economic loss which
may well result over most of the inhabited parts of the area discussed
will be significant.

* This is the fifth of a series of articles, published in the Bulletin of the WVorld Health Organization,
describing the epidemiology of bilharziasis in the African and Eastern Mediterranean regions. The preceding
articles are:

Gillet, J. & Wolfs, J. (1954) Les bilharzioses humaines au Congo Belge et au Ruanda-Urundi. Bull.
Org. mond. Sante, 10, 315

Gaud, J. (1955) Les bilharzioses en Afritfue occidentale et en Afrique centrale. Bull. Org. mond. Sante,
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Bilharziasis, a water-borne disease, is closely linked to the occurrence
of its aquatic snail vectors. The various new irrigation schemes, planned
for the agricultural development of the semi-arid Middle East countries,
will cause not only intensification of bilharziasis in areas where the disease
is, at present, light and sporadic, but are likely to introduce it into areas
from which it is now absent. The severe debilitating effects of endemic
bilharziasis in irrigation areas and the consequent economic loss can
hardly be over-estimated. A true picture of the magnitude of the bilhar-
ziasis problem in the Middle East cannot, however, be obtained without
a really comprehensive survey in each of the regions concerned, covering
the incidence of the disease among the people, the exact relationship between
human infection and snail population, and the bearing of bilharziasis on
human production. In the present survey, the urgent need for basic informa-
tion has been felt very acutely. The data obtained are far from complete,
but it is hoped that they will at least provide a foundation for measuring
and defining the situation in each of the countries visited-that is, Iraq,
Jordan, Lebanon, Sa'udi Arabia, and Syria-as well as in some adjoining
areas of endemicity.

The snail samples collected during the survey were identified at the
Bilharzia Snail Control Section of the Egyptian Ministry of Health. This
was thought suitable, at least as far as generic identification is concerned,
because the molluscan forms obtained were, as a rule, closely allied to those
occurring in Egypt. Besides, the small number of snails did not permit
representative samples to be sent to the various WHO identification centres.
Specific determinations, when made, were based on the relevant literature,
notably the authoritative work of Pallary 36 on the malacological fauna of
the Syrian region. As regards the vectors of Schistosoma haematobium, the
author follows Annandale,3 Connolly,'0' 11 and other authorities in believing
the various Middle Eastern forms of Bulinus (Bulinus) to be variations of
one species: Bulinus truncatus Audouin, 1826. The Arabian form of Biom-
phalaria, the assumed vector of S. mansoni there, seemed rather similar to
B. boissyi Potiez and Michaud, 1838, the species of the Egyptian delta. In
the literature, however, it is referred to as B. arabica Melvill and Ponsonby,
1896, and is, according to Connolly,'0 very closely related to the African
forms. A selection of aquatic molluscs is depicted in Fig. 1.

IRAQ

General Description

The territory of the present State of Iraq (see Fig. 2), which covers
about 45 million hectares, contains the greater part of Mesopotamia, or
the fertile valleys of the Tigris and the Euphrates, from the highlands of
Asia Minor in the north-west to the Persian Gulf in the south-east. It also
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FIG. 1. A SELECTION OF AQUATIC MOLLUSCS* COLLECTED DURING SURVEY

* Magnification x1.5

Syria 1, Bulinus truncatus, river Sublakh, Qubur el Bid area
2, 3, Bulinus truncatus, Turkoman branches of Balikh, Tell Abiad area
4, Lymnaea lagotis, identified after Pallary,T Turkoman branches of Balikh, Tell Abiad

area
Lebanon 5-9, Bulinus truncatus, cemented irrigation channels from Ras el 'Ain, south of Sur
Iraq 10, 11, Bulinus truncatus, feeder canal from Tigris to Tell Mohammed, Baghdad area

12, 13, Lymnaea sp., Euphrates at Hor al Jabaish and Madaina, Basra Province. These
slender, possibly immature specimens occur together with fatter specimens of
the same size, of the ? canalifera type.

14, Lymnaea (7 canalifera), Eupfirates a Madaina, Basra Province. The two rather
similar species. L. canalifera and L. lagotis, have both been referred to L. peregra
by Hubendick."

Sa'udi 15,16, Biomphalaria sp., 'Ain Farzan, Sulaimiya, Al Kharj, Neid
Arabia 17. Bulinus truncatus, 'Ain Arush, Safwa, Hasa Province

18, 19, Bulinus forskalii, 'Ain Khef,Wadi Fatima, Mecca, Hejaz
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FIG. 2. ENDEMIC BILHARZIASIS IN MESOPOTAMIA
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includes, on the north-eastern Iranian frontier, about one-third of moun-
tainous Kurdistan and, on the Jordan and Arabian frontiers in the south-
west, a portion of the Syrian Desert (Badiet esh Sham) almost half as large
as the remainder of the Iraq territory.

The valley of the twin rivers can be divided into two contrasting regions,
the upper and the lower valley, the line of demarcation being formed by the
prehistoric coastline of the Persian Gulf, which is still seen as a shelf running
across the flood-plain at about the latitude of Baghdad. In the upper valley,
the two distinct river basins cut a region of undulating steppe, pasture,
and ploughland. The southern alluvial plain, created by the rivers them-
selves within the past 7000 years, shows the land forms associated with
fluviatile deposition: braided channels, extensive marshlands, and embanked
river courses (natural levees).

In the uplands of northern Mesopotamia the gradient of both rivers,
especially that of the Tigris, is steep. Their flow is swift, with great erosive
power, and the turbid waters carry a load of sediment all the year round.
The Tigris, though narrower, carries a greater volume of water than the
Euphrates. It receives the run-off rainwater through many torrential
affluents from the tablelands of Iran in a wide catchment zone, and is
given to sudden and devastating floods. The Euphrates, which receives
no more important affluents after the Khabur, in Syrian Mesopotamia,
loses a considerable amount of water by evaporation while flowing through
desert country, and, as it depends on slow percolation of rainfall from the
single area of eastern Anatolia, its level does not fluctuate as rapidly. Both
rivers are lowest in September and October and rise with the beginning of
the winter rains in December, the Tigris attaining maximum flood in April,
and the Euphrates in May.

In the wide and fertile plains south of Baghdad, which are always in
danger of flood, the low gradient causes the rivers to meander, each splitting
and re-uniting in channels that have altered considerably within historic
times. Several old channels are still occupied by distributaries or used as
irrigation canals. The southern half of the lower valley is formed by vast
marshes. About 170 km from the Persian Gulf, at Qurna, the Euphrates
joins the Tigris through the large Lake al Hammar and the rivers con-
tinue united as the Shatt al Arab. The rate of retreat of the headwaters
of the Persian Gulf has been for millennia, and still is, about 1 km in
30 years.

Mesopotamia, the cradle of civilization, and the granary of vast empires
in antiquity, possessed in the past more extensive irrigation works than it
does at present. Effective use was made of the difference in level of the two
rivers (the Euphrates flowing higher than the Tigris above Baghdad but
lower than it downstream of Baghdad), by taking from one river and
draining into the other. Irrigation reached its highest development during
the early Abassid period in the 11th century, the golden age of Iraq. Present-
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day Iraq, although still a wholly agricultural and pastoral country, shows
comparatively lower yields than other parts of the Middle East, which is
mainly due to lack of manpower and archaic methods of land tenure and
exploitation, but also to the excessively hot summer climate (shade tem-
peratures between 350C and 490C).

Rainfall in Mesopotamia ranges from 20 mm to 500 mm. In the
mountains of the north-east it is as high as 1000 mm. It is sufficient for the
cultivation of a single crop in the northern valley wherever it averages
350 mm, that is, in various parts of the Jezire or land between the rivers, as
well as in the Assyrian plains, or lands east of the Tigris, at the foot of the
mountains. The south depends entirely on a system of canals.

It has been estimated that 12 million hectares, or one quarter of the
total territory of modern Iraq-about 4 million hectares in the upper valley
and 8 million hectares in the lower valley-are potentially suited to cultiva-
tion. Only about one-fifth of these, or approximately 2 200 000 hectares,
are actually cultivated in any one year, large cultivable parts lying fallow
for one or more years.

As the floods occur in spring when the main crops are ripening, the land
cannot simply be inundated as in Egypt, and large artificial levees must be
built and protected against the floods. Each of the two rivers has a large
barrage in its lower course: that of the Tigris is at Kut, and will ultimately
bring under cultivation 300 000 hectares in Shatt al Gharraf and 92 000
hectares in Shatt al Dujaila canal (both old courses of the river without
outlet at the southern end); the Euphrates has a barrage at Hindiya which
brings under cultivation 270 000 hectares through the Hilla canal (likewise
an old branch of the river). The Hilla branch also possesses a dam at
Daghghara. Lake Habbaniya, a depression upstream of Hindiya barrage,
is at present used only for storage of surplus water, but it is planned in the
future to draw from it for the irrigation of new areas. A weir also exists
on the Diyala, an affluent of the Tigris, irrigating 130 000 hectares. Another
50 000 hectares are irrigated in the Kirkuk region through a system of
canals. The proposed Bekhme dam, at the confluence of the main tributary
of the Tigris, the upper (Great) Zab, with the Ruwandiz, will bring another
large area under cultivation and will constitute a perfect solution for the
flood problem of the Tigris.a

About 120000 hectares in the lower course of the two rivers from
Najaf to Lake al Hammar, on the Euphrates, and south of 'Amara, on the
Tigris, are under free-flow irrigation, as the water can be led off directly
from the raised beds of the rivers. This system is, however, precarious
and at the mercy of the slightest variations in the river level.

More than half of the irrigated lands are above the level of the rivers
and are irrigated by lift, a system much preferred in Iraq as the sparing

a A flood protection scheme has recently been put into action whereby flood-waters from the Tigris
are led into the Wadi Tharthar (see Fig. 2, page 406
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application of water induces less soil salinity. Over half the pumps
installed are between Baghdad and Kut.

It is estimated that deterioration through salinity has occurred in 60 %/
of the lands irrigated by flow, which constitutes a reclamation problem of no
little magnitude.

In the Shatt al Arab the tides pond back the water, raising its level by
about one metre, which permits the regular and natural flow of irrigation
water into the distributaries leading into the extensive palm-groves.

The principal aims of the present 10-year development programme of
the Irrigation Department are to reclaim half of the lands requiring drainage
and to bring under cultivation another 200 000 hectares that are now waste
land. The scope for future development is immense.

The country, with its four million inhabitants, is under-populated and the
distribution is extremely unequal. It is sparse in the desert and semi-desert
areas where a nomadic population raises livestock, especially sheep. Certain
riverine areas are comparatively crowded, but the largest densities do not
exceed 325 persons per square kilometre in rural areas.

Information Available on Bilharziasis

Vesical bilharziasis is probably very ancient in Mesopotamia. Its
symptoms are described in Babylonian inscriptions as well as in mediaeval
Arab literature. Bilharziasis mansoni and its snail vectors do not occur in
the territory. The occurrence of Bulinus shells on the banks of the Euphrates
was recorded by Mousson 34 as far back as 1874, long before these snails
were recognized as the vectors of bilharziasis. The first reference to the
disease in modern medical literature was published in 1899 by Sturrock 46
who reported widespread vesical bilharziasis in villages and towns far
upstream on both the Tigris and the Euphrates, but none on the united
rivers south of Basra, where the influence of the tides is felt.

During and after the First World War, interest in the problem was
stimulated through sporadic outbreaks of bilharziasis among British
troops stationed at Basra, Hinaidi, and Kufa. Boulenger,8 in 1919, examined
174 male Iraqi in the central and lower valley, from Samarra to Basra,
finding an average incidence of 20% and a maximum incidence of 85% in
Qurna. He especially searched for Bulinus, finding these snails in a subfossil
condition but without being able to find live specimens. He also reported
dry, but fresh, shells from various points on the banks of the Tigris and the
Euphrates. Puzzled by the apparent rarity of this snail in view of the
frequency of the disease, he dissected large numbers of other freshwater
molluscs, common in the bilharzial regions, for bilharzial cercariae without
finding any. Investigations by Hall,22 in 1925, revealed the prevalence of
the disease from the latitude of Hindiya southwards, particularly in the
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rice-fields. He found an incidence of 80% in the rural areas of Diwaniya
Province. Of 711 Basra schoolchildren he found 47% infected.

From data contained in the Iraq Health Service reports between the
years 1921 and 1928, quoted by Mills, MacHattie & Chadwick 33 and by
Neveu-Lemaire,35 it appears that bilharziasis cases had been reported at
the dispensaries, at one time or another, from all but the two northernmost
provinces of Mosul and Sulaimaniya, the heaviest infection records coming
from the south. Out of a total of 887 cases for the first quarter of 1928,
62% had been observed in Basra Province. In Nasiriya, 80% of the school-
children were found to have bilharziasis. Live Bulinus, although uninfected
ones, were reported from Hinaidi, south-east of Baghdad, where outbreaks
of bilharziasis had occurred in 1921 and 1924.

In 1936, Mills, MacHattie & Chadwick 33 made a detailed study of the
problem in Iraq, demonstrating the vector role of Bulinus s.s. in that country
by experimentally completing the life cycle of S. haematobium, and revealing
a high endemicity of the disease in the Baghdad area. The ecology of Bulinus
was established by searching in intensive bilharziasis areas with a limited
water supply where recent cases had occurred-for instance, among the
settled Zoba tribe, 20 km from Baghdad. These authors report Bulinus as
favouring pools and sluggish ditches, the snails being strictly localized even
within infested ditches. They found these snails abundant during the hot
season, from May to December, after which they could be found only with
difficulty; they also report a marked falling-off in the percentage of infected
Bulinus during the cold season. No infected snails could be found in the
larger channels. Infection with bilharziasis was shown to be seasonal, the
seasonal fluctuation in the number, as well as in the degree of infestation, of
the vector snails being further reinforced by the people's habit, during the
exceedingly hot summer, of frequenting the water, from which they more
or less abstain during the cold of winter. The period of highest infestation
possibility is given as from late June to early October, while the same waters
are believed to be comparatively safe from December to May.

Although it is not strictly relevant, it may be of interest to note that
MacHattie 30 in 1936 reported formidable and economically important
infestation of livestock with S. turkestanicum a in the southern Marsh-Arab
and rice-field areas, establishing the vector role ofLymnaea tenera euphratica
(see note to Table II, page 415). Watson,50 in 1950, reported that dermatitis,
caused by non-human bilharzial cercariae in the southern areas, represented
a grave problem, seriously interfering with agricultural activities. S. bovis
also occurs in the country (MacHattie, Mills & Chadwick 31). Since the
southern areas are also areas of highest endemicity for bilharziasis haema-
tobia, eventual measures aiming at the control of B. truncatus snails will
simultaneously prove beneficial against the non-human schistosome problem.

a This mammalian schistosome was recently transferred to the new genus Orientobilharzia Dutt and
Srivastava, 1955.13a
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Diverse recent information is available in a series of publications by
Watson 49-55 entitled " Studies of bilharziasis in Iraq ". According to that
author,50 snail control in the large agricultural areas of the centre and
south, which are above the river level in summer and autumn, at the time
when Bulinus is most abundant, and which are irrigated intermittently by
lift, would be relatively simple. These lands are comparatively arid and the
snail breeding foci are localized in deep pools, drains, culvert heads, and
some large channels.

"But in the land below river level, where irrigation is by gravity flow and is con-
tinuous, the snails are more widely and evenly distributed and the problem will approach
that of Egypt in scope and difficulty.... Large swamps can only be dealt with by drainage."

It is also suggested that, on account of the intensely hot and dry summer
climate, the rapid drying-out of small and shallow canals might be practic-
able in Iraq as an effective means of snail control. Various data on the
distribution and ecology of Bulinus may be found in publications by
Watson 50 and Zakaria.60 61

At the present time there exist State hospitals in a number of cities in Iraq
where routine urine examinations are carried out on all patients. The follow-
ing positive findings for schistosome ova are quoted by Watson 49 for 1947:
Basra, 797/4225 (18.6%); Nasiriya, 328/1508 (21.7%); Diwaniya, 160/653
(24.5%); Hilla, 72/396 (18.2%); Karbala, 26/417 (6.2%). These figures
are considered to be lower than the actual incidence of the disease. Pus
cells were present in nearly every case of bilharziasis, and red blood cor-
puscles in nine out of ten cases. At Nasiriya, the incidence of haematuria
was estimated to be 70% in clinical patients and 100% in the surgery wards
of the State hospital.

At the Endemic Diseases Department of the Royal Hospital at Baghdad,
laboratory services exist for the examination of urines from clinically
suspect cases. The yearly numbers examined for the period 1943-48 fluctu-
ated between 1293 and 2490, of which 581-1625 were found positive.
Random urine examinations were conducted, in 1948, among outpatients
of the same hospital, and 254 out of 1183 were found positive (21.5 %), the
incidence in males being 27% and in females 14%. The persons covered
by this investigation were in the lower-income groups and, for the greater
part, from the city of Baghdad and its close environs. No marked variation
of incidence was found in the various age-groups, although the peak lay
between the ages of 20 and 30 years and people over 50 rarely showed
active infection (Watson ;53 Watson & Al Hammami 55).

In 1949 a special bilharzia section was formed within the Iraq Health
Services. Its first endeavour was to complete the fragmentary information
available on the incidence of bilharziasis by engaging in a nation-wide spot
survey. Random samples of urine were taken, mainly from schools and
dispensaries. Since, as a rule, microscopes are not available in the provinces,
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direct urine examinations were not practicable and methylene-blue smears
of the urine sediments (Barlow 6), which are as permanent as blood smears,
were prepared and examined later. Official data show that 137 settlements
in 13 provinces had been considered up to the end of December 1950.a

Since it was suspected that bilharziasis was present above Hit, a town
which was formerly regarded as the northern boundary of the disease on the
Euphrates, a survey was made in December 1950 from Hit northwards
to Abu Kamal, just over the Syrian border. The incidence in children
ranged from 8 % to 20%. Bulinus could not be located at this season. It
was, however, noted that marshes and irrigation channels fed by water-
wheels provided a likely habitat for Bulinus in Iraq territory, while the only
possible source of infection in Abu Kamal, in Syria, was the river itself.

Snail vectors were sought only in certain areas of high endemicity.
The results of this survey, which has already brought to light spots of

heavy endemicity, are represented in Fig. 2 (see page 406), while more
detailed information is summarized in Table I.

Watson 54 also indicated the probable occurrence of endemic bilharziasis
in the southern Iranian borderlands. He stated that 5 % of the labourers
of the (then) Anglo-Iranian Oil Company at Abadan Island, east of the
Shatt al Arab, had been found infected with bilharziasis, all cases being
traceable either to endemic areas in Iraq or to the Ahwaz district in Khu-
zistan, Iran.b During a visit to the region situated between Ahwaz and
the Iraq frontier, he found that the inhabitants of several villages were
familiar with haematuria and that most of them, although they had never
left their village, had suffered from it at some time. Flying over the border-
lands in the heavily endemic 'Amara region, he noted that the marshes
extended right across, and presumably the snails with them. A thorough
survey in Abadan had failed to reveal either Bulinus or autochthonous
cases of S. haematobium, although other species of freshwater molluscs
were present in abundance-a state of affairs which also exists on the
Iraq side of the Shatt al Arab. The absence of Bulinus might be due to
the greater sensitivity of this species to occasional water salinity, such as
probably occurs in this tidal area.

In Iraq, as in various other countries, the early symptoms of bilhar-
ziasis are lightly regarded by the people, who seek treatment only when
in acute distress after the onset ofcomplications and secondary infections.
Watson 49 stated that less than 1 % of the total number of in- and out-
patients in the various State hospitals had been treated for bilharziasis
during the year 1947, and estimated that in the severely endemic areas
not more than 5 % of persons infected with bilharziasis are reached by
treatment.

a Later data are given by Helmy.2"
b This area was later investigated, and the findings reported, by Helmy 25 and by Ansari & Faghih.4
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TABLE I. INCIDENCE OF BILHARZIASIS * AND LOCATION OF VECTOR SNAILS
IN IRAQ **

Number Range Number of areas where
oftws of Rulinus was
of bilhar

Provnce vilore ziasis -Remarks
exam- ini-not not
mied ence found found sought(%

North

Sulaimaniya

Erbil

Kirkuk

several

several

Mosul several

Centre
DehA S 1-bayriuau

Dulaim

Diyala

Hilla

Karbala

Kut

South

Diwaniya

Muntafiq

'Amara

Basra

61

6

17

17

6

11

20

19

12

12

0

0

0-18

12-84

8-20

0-48

7-56

16-50

18-48

7-76

19-90

28-90

1-50

0

0

2

8

2

3

3

2

19

2

several

several

several

4

9

8

14

13

4

11

20

12

Total 137+ 0-90 41 15+ 83

Not surveyed, no bilhar-
ziasis

In districts round Erbil and
Kirkuk towns, formerly re-
ported as endemic, no in-
digenous cases and no
snails were found.

2 villages infected: Jayef
11 %, Tell Khayef 18 %;
Bulinus in marshes

Including Abu Kamal, just
across Syrian border. Once
settled Zoba tribe, 100 %
infected (Mills, MacHattie
& Chadwick 33), now noma-
dic again

Economically important
prevalence of bilharzial
dermatitis

Heaviest general incidence

No incidence south of Bas-
ra townt

* From sample surveys at schools and dispensaries
** Summary of official data from the Bilharzia Section, 1949-1950: cf. Fig. 2, page 406
t On the Iranian side of the Shaft el Arab south of Basra, at Khorramshahr, an endemic focus

was subsequently discovered (personal communication from Dr N. Ansari, formerly of University
of Teheran, Iran, now of the World Health Organization, Geneva).

I
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Survey

The author visited various representative bilharzial areas in the centre
and south of Iraq permitting him to form an opinion on the conditions
prevailing in the country. A check for Bulinus was made in Khan Bani
Sa'ad, a village about 30 km north-east of Baghdad, where bilharziasis
had been reputed to occur since 1932, and where numerous cases had been
treated. The Bilharzia Section had noted an incidence of infection of 48 %,
and had found Bulinus in a swamp, which was then sulfated. No vector
snails were found at the time of the check. On a round trip from Baghdad
which included the two holy cities of the Shia Moslems, Karbala and Najaf,
net surveys for vector snails were made as follows: in Mahmudiya, a
village south of Baghdad with a 55 % incidence of bilharziasis, where
Bulinus had been located and sulfated; at the Hindiya barrage, and the
Hilla arm of the Euphrates taking from the barrage; in the extensive
orchards on the way to Karbala, which seemed a favourable habitat;
in the Najaf marshes; and finally in the Euphrates at Hilla town. No
Bulinus were recovered from any of these places, which was not surprising
in view of the unfavourable season and lack of time for a really thorough
search.

By way of demonstration, a few palm-leaf traps were placed in the
vicinity of Baghdad and examined a week later, with the following results:
two traps in the Tigris caught no snails; three of the eight traps in the
feeder canal from the Tigris to Tell Mohammed caught a few small Lymnaea
sp.-some traps were lost; two traps in Bajaji drain caught 155 B. truncatus,
101 small Lymnaea sp., and 17 Gyraulus sp.

At the slightly saline Lake Habbaniya, shells and live specimens of
various freshwater molluscs were recovered (see Table II). Future use
of the lake as a reservoir, and consequent washing-out, might quite pos-
sibly render it fit for the breeding of Bulinus. The author was also shown
a deep well near Ramadi which supplied a diesel pump and which, sur-
prisingly, had been found to be infested with Bulinus and had been sul-
fated. The well had no possible communication with the waters of the
Euphrates, which was several kilometres distant and flowing well below
the level of the land.

At Basra, the presence of the vector snails in Khandaq and 'Asher canals
was easily confirmed, while repeated dipping in Seraj canal and in the slightly
saline Shatt al Arab failed to reveal Bulinus, as expected. A visit was made
to Hor al Jabaish, a typical Marsh-Arab village, built on a foundation
of mats in the swamps north of the Euphrates at Hor al Hammar Lake.
The entire population, children and adults, circulate in boats in the water
alleys between their habitations. Various water-weeds and freshwater
molluscs, but no Bulinus, were found in these waterways. A survey for
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TABLE II. AQUATIC MOLLUSCS COLLECTED IN IRAQ

LocalityISpeciesLocality Species

Baghdad Province
Bajaji drain
Canal, Tigris-Tell Mohammed

Bani Sa'ad, streams
Tigris, at Mahmudiya

Dulaim Province
Lake Habbaniya

Basra Province
Madaina, Jaber and Baharna canals

Madaina, Euphrates
Hor al Jabaish, water alleys

Qurna, Nahr el Kebir

Basra city, Khandaq canal

Basra city, 'Eshar canal

'Amara Province
Majar Saghir, Tigris, and various streams

'Amara road, Tigris, and various streams

Lymnaea sp.*
Bulinus truncatus **
Lymnaea sp.*
Gyraulus sp.t
Lymnaea canalifera
Lymnaea canalifera

Corbicula fluminalis (shells)
Unio sp.
Melanoides tuberculata (shells)
Lymnaea so.

Lymnaea canalifera **
Melanopsis nodosa
Melanoides tuberculata
Gyraulus sp.
Lymnaea sp.*,**
Lymnaea sp.*,**
Melanopsis nodosa
Neritina sp.
Melanopsis nodosa
Melanoides tuberculata
Lymnaea canalifera
Gyraulus sp.
Bulinus truncatus
Bithynia sp.
Bulinus truncatus

Vivipara biangulata
Melanopsis nodosa
Corbicula fluminalis
Melanopsis nodosa
Melanoides tuberculata
Gyraulus sp.
Corbicula fluminalis
Neritina sp.

* These specimens were small and presumably immature.
** See Fig. 1, page 405.
t The Gyraulus piscinarum of the Mesopotamian region is, according to Pallary,36 probably

identical with G. mareoticus of Egypt. The small forms collected may correspond to the variety
iraqensis.
Note:

Various forms of Lymnaea have been described from Iraq. Pallary 36 records L. euphratica
Mousson, 1874, as one of the most common forms and MacHattie 10 reported this snail (L. tenera
euphratica Annandale & Prashad) as the vector of S. turkestanicum, after identification by M. Connolly.
However, none of the specimens collected during the survey corresponded to the figures shown by
MacHattie. Two closely similar larger forms, L. Iagotis Schrank, 1803, and L. canalifera Mousson
(L. peregra canalifera Annandale & Prashad), are also reported from the region by Pallary.86 Had
the large Lymnaea specimens collected by one of the authors (M. A. A.) in Syria and Iraq been found
in Egypt, they would have been thought to lie well within the variants of L. natalensis cailliaudi (see
Fig. 1, page 405). Pilsbry & Bequaert,39 writing in 1927 about L. natalensis, the large African Lymnaea,
remark:

"Many names have been given to these snails (in Africa), based on variations in the length
of spire and degree of amplitude of the last whorl and aperture. Few examples of nomenclature
so futile and inane can be found, since the variations are less marked than in any good series
of L. stagnalis or auricularia.
Hubendick,26 in his monograph on recent Lymnaeidae, placed both L. lagotis and L. canalifera

under L. peregra Muller, the most common lymnaeid of Europe, remarking on the strong resemblance
between the latter species and the holarctic L. auricularia Linne, a species which merges into, or at
least meets with, L. natalensis Krauss in Tenerife, Egypt, and the Yemen. He further states that
L. natalensis ought to be linked with L. auricularia s.s., these together constituting the superspecies
L. auricularia.
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Bulinus in the irrigation channels near Madaina, on the Euphrates, and
near Qurna at the junction of the two rivers, as well as in various channels
upstream of the Tigris on the way to 'Amara, gave negative results. The
freshwater molluscs collected in Iraq are listed in Table II.

Since the low results of the recent urine survey in some towns of Basra
and 'Amara Provinces were not considered satisfactory, checks were made
among schoolchildren, with the following results: in Madaina, 13 out of
25 urine samples were positive; that is, 64% against the previous 40%.
In Qurna, 16 out of 23 urine samples were positive, or 80% as against
the previous 50%. In Qassar, 20 urine samples out of 25, or 80%, were
positive, which corresponds well enough to the incidence of 84% recorded
in nearby Qal'at Salih. About 50 schoolchildren in Majar Saghir were
questioned and all admitted haematuria, a statement confirmed by their
teacher; the previous survey had revealed an incidence of 88 %. In other
words, it is safe to state that the survey undertaken by the health authorities
did not err on the high side.
A comparison was made of the standard method of urine examination

and Barlow's 6 methylene-blue smear method which was used in Iraq,
by staining the very slides examined directly, and having these re-examined
later by the Bilharzia Section staff. Out of 100 specimens examined, 33 were
found positive for S. haematobium ova by the normal microscopic examina-
tion of fresh urine sediment, and 30 by re-examination of the preparations.
These results show that, at least with the special attention naturally given
in a comparative examination, the smear method is not much inferior
to the standard method, the difference being only 3 %. The low incidence
figures reported for Madaina and Qurna are thought to be due to the
taking of too small a number of samples from these towns.

Discussion

Bilharziasis haematobia appears as a widespread and long-established
endemy in the Mesopotamian region. In the northern valley of the Tigris
conditions are marginal, and small foci have flared up sporadically only
to become spontaneously extinct; but in the middle and lower valley of
the twin rivers incidence and intensity of the disease are heavy, especially
towards the south, even though infection is only seasonal, and the land
is not, as yet, intensely cultivated. The present situation might be likened
to that existing in Egypt a century ago, before the intensification of agri-
culture and the ensuing sharp increase in population. The health problem
that will be created after the completion of the great irrigation works
planned and partly under way in Iraq might well be viewed with alarm.
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ISRAEL

General Description

The territory formerly known as Palestine is the southernmost of the
coastlands of the Levant (see Fig. 3). It is situated between Lebanon and
Egypt and-has a north to south length of 250 km, an average width of
90 km, and an area of roughly 26 000 km2. The greater part of the region
is occupied by the hills of Galilee and those of Samaria, Judea, and Negeb
(altitude 300-700 m) which lie at a varying distance from the coast and
break off sharply, in the east, at the fault-line of the Jordan valley. Most of
Samaria and Judea has been separated and is now known as West Jordan,
the remainder forming the State of Israel. The climate of the region is
relatively mild and typically Mediterranean, with summer drought and
winter rainfall, which is highest in the north and west and decreases, towards
the south, from about 500 mm to 250 mm in the coastal plain, from about
900 mm to 600 mm in the central uplands, and from 500 mm to 50 mm in
the Jordan valley. However, the amount of precipitation varies from year
to year and the water supply is, on the whole, inadequate, underground
supplies being limited and sometimes saline. Permanent rivers drain
towards the sea only in the northern half of the country. About 40% of the
area is cultivable and about 330% actually cultivated. Progressive Jewish
agriculture, which occupies the better lands, has been intensively developed.
Citrus groves are important in the coastal plain in the Jaffa and Accra
regions. In the areas of limited rainfall south of Beersheba and Gaza, very
simple agricultural and husbandry methods are used, livestock being
grazed in the traditional Arab manner as nomadic flocks, or pastured on
the stubble of fallow land.

Information Available on Bilharziasis

S. haematobium

The sporadic occurrence of autochthonous vesical bilharziasis in
Palestine was known to physicians for some time before the First World
War. According to Felix,'7 1925, Dr G. Stuart, in 1918, was the first to
demonstrate the ova of S. haematobium in the urines of three children under
two years of age who had lived near the River Auja, north of Tell Aviv,
since birth.

In 1921 Felix demonstrated bilharziasis infection in various groups of
Jewish schoolchildren and students in the Jaffa area, including the Jaffa
orphanage (23 out of 53 (43 %)) and the agricultural school of Mekveh
Israel (21 out of 158 (13%)). From a total of 1256 children examined, 54
(4X%) were infected.
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FIG. 3. BILHARZIASIS IN THE JORDAN REGION
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In 1922, Buxton & Krikorian 9 proved the endemicity of the disease
among Arab schoolchildren in villages around Jaffa (31 (7%) out of 470).
These authors found B. truncatus snails at four places, all within 10 miles
of Jaffa: in a cistern whose supply was pumped directly from the River
Auja; in a concrete tank in an orange-grove; in Nahr Barideh, a small
perennial tributary of the Auja, where snails were common in November
and December 1921 but could not be found till May of 1922; and in a marsh
in Wadi Rubin, about 3 km from the sea. That specimen was infested with
cercariae of S. haematobium.

Other well-authenticated cases of indigenous infection were reported
from Um Khalid, near the Iskanderuna river, which the inhabitants had to
wade; from Nahr Rubin; from Nahr Barideh; and from the River Auja
itself.

Felix points out that during 1921, 11 cases of urinary bilharziasis in
adults were found in his laboratory without systematic gearch and opposes
the opinion, expressed by Buxton & Krikorian,9 that the disease was
" apparently dying out in the area ". He feared, on the contrary, that the
creation of agricultural settlements would create new sources of infection.

In 1951, official information was obtained from the Israeli health
authorities (personal communication from Health Ministry, Israel, to
Dr J. S. Peterson, Medical, Education and Welfare Division, United Nations
Relief and Works Agency for Palestine Refugees in the Near East).
Although notification to government health departments must be con-
sidered unreliable, it appears that a marked decrease was noted in the
incidence of the disease from 1930 onwards. A total of 299 cases was
reported during the 11-year span 1935-1945, as follows:

Year Number of cases Year Number of cases

1935 6 1941 6
1936 69 1942 1
1937 144 1943 1
1938 41 1944 3
1939 4 1945 2
1940 22

The vast majority of these cases were of urinary bilharziasis and had been
contracted locally. From 1948 to 1950, no locally contracted cases of
vesical bilharziasis were detected in Israel. In 1952, 89 cases were detected
among Arab refugees from Palestine.

Between 1948 and 1952 some 300 000 persons immigrated into Israel
from bilharziasis endemic areas; of these, 40 000 are estimated to suffer from
bilharziasis (Davies & Eliakim 13). A number of them were examined
immunologically, by either the skin test or the complement fixation test,
using as antigen extracts prepared from adult S. mansoni. The following
figures are given for countries where only the vesical type of the disease
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occurs; of 414 immigrants from Iraq, 24 males (12.2%) and 10 females
(4.6%) a gave positive tests, as did 16 out of 235 (6.8 %) persons from Iran; b

from Morocco only 1 person out of 356 was positive while from Afghanistan,
surprisingly, 3 out of 48 (6%) were positive. In 1955, an outbreak of
vesical bilharziasis was reported outside the endemic Jaffa area, from
Tirat-Zvi, a settlement in the Beth-Shean valley, Jordan region (Witenberg
& Saliternik; 58 Davies 12). Nearly 50% of the young people were found to be
infected; a systematic examination of all 451 inhabitants revealed S. haema-
tobium in 97 persons (21.5 %), mostly under the age of 20. It is believed
that the infections were all contracted in the local swimming-pools and that
they were originally introduced by immigrants from Iraq and Iran living
in nearby settlements. There is reason to suspect that other autochthonous
foci now exist in the Beth-Shean valley.

The health authorities stated, in 1951, that Bulinus snails did not con-
stitute a problem in the irrigation channels of the country and that these
snails were mainly found in short stretches of some perennial rivers of the
coastal plain, namely:

Wadi Suqreir (south of Jaffa)
Wadi Rubin (south of Jaffa)
Yarkon (Auja) River (near Tell Aviv)
Alexander (Iskanderuna) River (south of Hadera)
Hader (Mifjir) River (north of Hadera)
Quishon (El Muqatta') River (north of Haifa)

In these rivers the snails are prevalent only in the short summer season, and
each year in different sections of the river banks. A different opinion was
expressed by Witenberg & Saliternik 58 who state that Bulinus is widespread
in Israel and is making an appearance in canals as early as two years after
their construction.

S. mansoni

S. mansoni was long reported as rare and was considered of extraneous
origin. Fairley & Fairley,16 in 1931, indicated the occurrence of both types
of bilharziasis among 4 persons immigrating from Palestine to Australia,
who supposedly had acquired their infection in the neighbourhood of
Jaffa; 2 of these harboured S. mansoni.

During a survey for hookworm conducted in the Jaffa area in 1931-32,
Scott, Ayoub & Reitler 45 found S. mansoni ova in 3 Arabs originating from
Jarisha and Yamassin Gharbiya villages. In 1938, Witenberg 56 found eggs
of both S. haematobium and S. mansoni in the urines of a large proportion
of infected persons in the same villages of Jarisha and Yamassin, localities
he believed to be constant dissemination-foci for both forms of bilharziasis,

a From the Baghdad area
b From Shiraz and neighbouring villages
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and he also reported the presence of both vector snails in Wadi Musrara,
a tributary of the Yarkon. This first record of " Planorbis boissyi " (Biom-
phalaria) is of interest, because the only planorbid recorded in the region
until that date is referable to Gyraulus, a small, non-vector genus (Pallary 36).
Dr P. L. Le Roux, of the London School of Hygiene-and Tropical Medicine,
England (personal communication), has confirmed the diagnosis of the
planorbid found by Witenberg. Other habitats have not been recorded since,
and, in 1955, Witenberg & Saliternik 58 still declared its distribution to be
limited to a small section of the River Yarkon. Indigenous cases of S. man-
soni were also reported, in 1953, by Frank,18 who observed early intestinal
bilharziasis in 19 youths, all born in the country. The patients were seen
in 1951 and were thought to have acquired their infection in or near the River
Yarkon (Auja), near Tell Aviv. Frankl is not aware of earlier autochthonous
cases and believes the parasite to have been imported by Yemenites. Witen-
berg,57 in 1951, stated: " Over 20% of immigrants from Yemen are infected
with S. mansoni. S. haematobium occurs among them also, but is rare."
Heller,24 in 1953, wrote: " It is conservatively estimated that 20 000-30 000
Yemenites are infected by S. mansoni (and in a smaller number by S. haema-
tobium as well) "; Eliakim & Davies 15 examined 690 Yemenite immigrants
by means of the skin test and found 37.9% of the males and 30.40% of the
females reacting positively. They reported incidence to increase with age,
ranging from 21.40% in children 3-4 years old to 84.6% in adults over the
age of 50. It may be assumed that the rates for S. mansoni are only very
little lower.

Discussion

,The presence of large numbers of persons infected with bilharziasis
has been viewed with alarm (Roth 43), and certainly presents a medical
problem. The presence of carriers in transitional camps near the River
Yarkon in particular, and in the country in general, will no doubt spread
and intensify the existing light endemy for bilharziasis, especially since
the cultural level of the new immigrants is lower than that of the earlier
immigrants from Europe. However, in view of the lack of large-scale
irrigation and of the relatively precarious conditions for snail life, it is
not thought that the problem could ever attain the importance it has in
other Middle Eastern countries.

JORDAN

General Description

This region (see Fig. 3, page 418) is formed by a tableland, ranging in
height from 500 to 1500 metres. It is cut by a deep trough running
from north to south and continuing in the Gulf of 'Aqaba: this trough
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comprises the valley of the Jordan, the Dead Sea, and the Wadi 'Araba, and
forms the dividing line between the western and eastern territory.

East Jordan, a strictly pastoral country, has an area of about 12 mil-
lion hectares, of which about 5% are cultivated. The cultivated territory
lies between the Jordan and the railway line from Damascus to Ma'an;
the part east of the railway is barren desert merging into the Badiet esh
Sham, or Syrian Desert. Four major perennial streams of torrential nature
drain into the trough. The most important of these, the Yarmuk, lies
on the northern, Syrian border; the other three, the Zerqa', the Mujib,
and the Wadi al Hasa, roughly divide the country into four parts. In addi-
tion to these main streams numerous natural springs and wadis drain
towards the trough. The river waters have not yet been made available
for agriculture to any extent and the irrigated parts form only 5 % of the
cultivated part (about 26 300 hectares), cultivation relying mostly on
rainfall.

The bulk of the settled population is engaged in husbandry. In the
semi-arid regions where the annual rainfall drops below 450 mm, the
semi-nomadic Bedu graze their flocks of cattle. The population, which
has been estimated at about one million, is now increased by about 466 000
refugees.

West Jordan is poor, eroded land, depending largely on rainfall, with
only a few internal springs and wadis. A few fertile valleys are found in
the north of the region.

Bilharziasis has not been reported in the literature from the territories
now forming the Hashemite Kingdom of the Jordan.

Survey

East Jordan

An official enquiry as to the incidence of bilharziasis in East Jordan
revealed the complete absence of case reports and the official belief that
the disease did not occur in the country. Having, however, heard of cases in
refugee camps, the senior author (M. A. A.) followed these up and canvassed
several camps. Only two cases were found: one in es-Salt camp, which
could be traced back to the Jaffa area, and another in Zerqa' camp, in a
boy aged nine, a native of Ramle, near Jaffa.

In the light of these findings it was thought advisable to look for snail
vectors in the streams of the region, and a number of streams and springs
were examined in the north, especially in agricultural areas, namely, the
Zerqa' valley with various branches and springs ('Ain Khanzir and 'Ain
Labwa); the river Jordan above and below Damia, where it was very
shallow at that time of year and could easily be crossed on foot; the stream
in Wadi Shu'eb; various natural springs near Ma'ad; and the irrigation
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scheme at Adissiya, where about 300 acres are irrigated from the Yarmuk
by a dam which is rebuilt yearly after the floods.

No vector snails were found, or were likely to be found in view of the
torrential nature of many of the larger streams. It is believed that the
southern portion of the country, which was not surveyed, does not present
any more danger in this respect.

West Jordan

The senior author (M. A. A.) was shown a report by the public health
authorities according to which 800 urine samples had been examined in
West Jordan in 1949, revealing only 3 cases of bilharziasis. In view of the
proximity of the Jaffa focus, these cases are believed to have been con-

tracted there. No cases were encountered at the refugee camp of Akaba,
near Jericho, nor at Wadi Maraj camp. 'Ain Duleb and 'Ain Fara'a in
Wadi Maraj, and various springs and streams in Wadi Ghur el Maleh,
valleys draining towards the Jordan west of Nablus, were examined but
no vector snails were found.

The molluscs collected in the Jordan region are listed in Table III.

TABLE Ill. AQUATIC GASTROPOD MOLLUSCS COLLECTED IN JORDAN

Location Species

No submerged aquatic weeds were noted at the time of the survey.

After the projected exploitation of the waters of the Yarmuk and the
Jordan, conditions will change and bilharziasis might be introduced, as

was the case in the Beth-Shean valley (see page 420).

East Jordan

River Jordan Melanopsis, various sp.

River Zerqa' Melanopsis sp.

West Jordan

Springs in Wadi Ghur el Maleh Melanopsis, various sp.
Melanoides tuberculata
Bithynia sp.

'Ain el Fari'a, stream Melanopsis sp.
Neritina sp.

'Ain Duleb, Wadi Maraj Melanopsis sp.
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LEBANON

General Description

The country occupies an elongated territory of about 1 120 000 hectares,
broadside to the Mediterranean (see Fig. 4). It consists of a coastal plain
and the parallel mountain ranges of the Lebanon and the Anti-Lebanon
which comprise between them the fertile Beqa'a plain at an altitude of
1000 metres. Rainfall is more liberal than in the adjoining countries and
averages over 1000 mm in the two plains. About 20% of the total area
is cultivated. Half of the cultivated area is under irrigation, and it has
been estimated that the irrigated areas could be doubled.

Lebanon is densely populated. Two-thirds of the 1 240 000 inhabi-
tants have a rural occupation, and agricultural intensification and extension
are envisaged.

Information Available on Bilharziasis

No records exist of the occurrence of bilharziasis in Lebanon. The
presence of Bulinus snails has, however, been recorded. According to
Pallary,36 about 100 years ago Ehrenberg found a population of Buli-
nus s.s. in the environment of Beirut, from where it has totally disappeared
today. He further remarks that the snail now occurs only in the region
of Saida and that it is dying out. Bulinus shells were also found at the
mouth of the Litani river (the classical Leontes), a stream draining the
greater portion of the Baqa'a plain, and these shells are believed to have
been carried there from upstream. Potential vectors of S. mansoni probably
also occur in the territory, though very rarely. According to Hubendick,26a
Planorbis libanicus Westerlund, 1902 (= Syroplanorbis Baker, 1945) is
almost certainly congeneric with Biomphalaria.

Survey

Various streams in the coastal plain south of Beirut were surveyed
for snail vectors. B. truncatus snails were found in numbers at Qadamur,
a government farm a little south of Sur, in cemented irrigation channels
taking their water from Ras el 'Ain. The shells of many specimens were
high-spired and of unusual shape (see Fig. 1, page 405); they were found
in conjunction with Melanoides tuberculata. No aquatic vegetation was
present, except algae.

The area around Sur was then surveyed for snail vectors in greater
detail, including the lower course of the Litani river and various other
places in the southern tip of the country. A survey was also made in the
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FIG. 4. BULINUS TRUNCATUS IN LEBANON
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Beqa'a plain, south of the Beirut-Damascus road, which covered the
middle course of the Litani, as well as various villages and their sources
of water in the plain; the source region of the Hasbani river (the upper
course of the Jordan) was also included.

Bulinus snails were found in both the coastal and the central regions:
snails of all sizes were collected at the mouth of Nahr Samer and in nearby
pits, in the close vicinity of Sur, and-one single snail-in the Litani near
Qara'on bridge, in the Beqa'a.

A list of all aquatic molluscs collected in Lebanon is given in Table IV.
A number of urine samples (79 in all) were taken from both the Lebanese

population and refugee boys from Palestine, and were preserved in the form
of methylene-blue smears (Barlow 6). Questions showed that bilharziasis
was entirely unfamiliar to the Lebanese population and subsequent examina-
tion of the samples failed to reveal infection in either group. A further
500 urine samples from refugee schoolchildren in or near Sur were sub-
sequently examined by Dr E. Rizq and Dr J. M. Watson, of the American
University at Beirut, with entirely negative results.

SA'UDI ARABIA

General Description

The Arabian peninsula, stretching from the southern borders of Jordan
and Iraq into the Indian Ocean, is separated from the African and Asian
mainlands by the Red Sea and the Persian Gulf. An elevated mountain
barrier runs down the whole length of the western, Red Sea, coast, from
which the tableland slopes steadily eastwards to the Persian Gulf.

Almost the entire peninsula is comprised in the Kingdom of Hejaz,
Nejd, and its dependencies, now known as Sa'udi Arabia; only Kuwait, on
the northern Persian Gulf, and the coastlands of the south-Yemen, Aden,
Hadhramaut, Dhofar, and 'Oman-are not included. The territory covers
about 250 million hectares (see Fig. 5).

Arabia is essentially a desert country with an average annual rainfall
of less than 250 mm. In the western and central highlands, rainfall is,
however, considerably higher, while in large desert areas, which are among
the hottest and most barren in the world, rain falls as seldom as once in
five or ten years. Part of the rain-water finds its way into valleys or de-
pressions, where it appears as springs or can be tapped by wells. The
deserts contain large oases and oasis groups, which, however, occupy
less than 5 % of the total area.

In the western Provinces of Hejaz and 'Asir, the coastal plain is relatively
arid, while the highlands collect sufficient rain for the development of
small-scale culture on the eastern flanks of the mountain ranges, as, in
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TABLE IV. AQUATIC GASTROPOD FRESHWATER MOLLUSCS COLLECTED
IN LEBANON

Locality

Sur area

Ras el 'Ain, Qadamur government farm, cemented
channels

'Ain Maashuq

Nahr Samer, at mouth

Pits, near mouth of Nahr Samer

Iskanderuna village, well, worked by water wheel,
and channel

Wadi Jilo, spring

Bayaret esh Shemut, irrigation channels

Falqa Frances, spring at mouth of Litani

Falqa Shbe'i, Asiran el Mahatta, garden irrigated
from Litani

Nahr Litani, at Qara'iyet el Jisr

BeirLt

Beirut town, Sharia Tarik el Shiakh

Nahr Beirut, near Sinn el Fil bridge

Nahr el Kelb, at mouth

Beqa'a plain

Litani, at Bar Elias, near bridge

Nahr Raza'iye, at Marj village

Litani, halfway between Job Jenein and Bassa

'Ain Kafariya

Litani, near Qara'on bridge

Nahr Hasbani, near Hasbiya village

Species

Melanopsis buccinoidea
Bulinus truncatus *
Melanoides tuberculata
Neritina sp.

Melanopsis buccinoidea

Bulinus truncatus **
Melanoides tuberculata
Physa acuta
Gyraulus sp.

Bulinus truncatus
Planorbis planorbis philippii
Lymnaea truncatula

Melanopsis buccinoidea
Neritina sp.
Physa acuta

Bithynia sp.

Physa acuta

Melanopsis buccinoidea
Neritina sp.

Melanopsis buccinoidea
Lymnaea truncatula

Melanopsis buccinoidea
Neritina sp.

Melanopsis buccinoidea
Bithynia sp.
Physa acuta

Melanopsis sp.

Melanopsis buccinoidea

Melanopsis buccinoidea

Melanopsis buccinoidea

Melanopsis buccinoidea

Gyraulus sp.
Bithynia sp,

Bulinus truncatus
Neritina sp.t
Melanopsis buccinoidea

Melanopsis sp.

* See Fig. 1, page 405.
** High-spired types, as from Ras el 'Ain ditches
t Neritina of very large sizes (12 mm)
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FIG. 5. BILHARZIASIS IN SA'UDI ARABIA AND ADJACENT AREAS
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Hejaz, in the northern oasis of Taima and the line of oases running south
from Muddawara, to Tebuk, 'Ala, Medina, Mecca, and Taif. To the south
rise the high mountains of 'Asir, a province resembling Yemen, with
valleys of savanna-like aspect and, for a number of months, with short,
fast-flowing streams which allow terraced cultivation to be carried out on
their banks.

The eastern Province of Hasa is barren and uninhabitable in the north,
but has copious springs in the south, equally supplied by the distant western
highlands. These freshwater springs gush from the soil at Hofuf Oasis, on
the coast opposite the island of Bahrein, in Bahrein, and even from the
sea-bed. The area, supporting several towns, has recently become of
extreme importance for another reason: oil concessions, only partly de-
veloped by the Arabian American Oil Company (ARAMCO), have already
made it the fifth-largest oil-producing territory in the world. Its future full
exploitation will bring about fundamental changes and will offer undreamed-
of possibilities of betterment to the inhabitants of the Kingdom.

The interior of Arabia is formed, in the north, by a level upland region,
partly steppe and partly true desert, called Badiet esh Sham, or the Syrian
Desert, where pastoral life is fully developed, and which is crossed by two
prominent lines of wells, one from Hauran to Jauf and the other from
Karbala to Hail. South of Jauf lies the great Nefud, or sand desert, which
is linked by a long arm-the Dahna Desert-with the forbidding desert
of Rub' el Khali, or the " Empty Quarter ", occupying the south of Arabia.
A string of oasis groups sweeps down the very interior in a wide arc,

between the north-south scarps of Gebel Tuwaiq ridge, to the west, and the
Dahna Desert, to the east, and from Hail, in the north, to Wadi Dawasir, in
the south. This island of relative fertility lies in Nejd Province, a diverse
region of uplands, small plateaux, and broad valleys. The Nejd itself is
subdivided into a number of districts, which, beginning in the north, are:
Gebel Shammar, Qasim, Sudair, Al Aridh, Al Kharj, and Al Aflaj. In
Aridh district lies Riadh, the capital of Nejd and of Sa'udi Arabia.

The population of Sa'udi Arabia has been estimated at various figures
between four and seven million, and is formed, for the greatest part, by
nomadic and semi-nomadic tribesmen herding camels, sheep, and goats.
Oasis culture permits agriculture only on a petty scale. A full-scale agri-
cultural project in Al Kharj, where over 1050 hectares are being irrigated
by modern methods, may bring about great changes in the agricultural
development of the Kingdom.

Information Available on Bilharziasis

The Hejaz has been repeatedly incriminated as the source of bilharziasis
haematobia infection among pilgrims returning from Mecca, the earliest
indication being given by Hatch23 in 1887, who observed the disease in

6

429



M. ABDEL AZIM & ANNE GISMANN

Indian Moslems. The presence of vesical bilharziasis of undefined con-
traction, in Mecca, has also been observed by a number of Egyptian doctors.
It is evident not only that the Hejaz is constantly exposed to bilharziasis
through the yearly pilgrimage of Moslems from endemic areas, but that the
whole of Arabia has been so exposed, because of its centuries of trading
in African slaves; as to the actual presence and intensity of this infection
in the Hejaz or in Sa'udi Arabia, however, nothing has so far been known
to the outside world. The only well-documented records available in the
medical literature concern the occurrence of bilharziasis in the south-
western corner of Arabia, a mountainous and relatively green and fertile
region. Autochthonous cases of both types of bilharziasis, coming from
the hinterland of Aden Protectorate or the Yemen, were first described by
Greval 21 in 1923. The presence of bilharziasis haematobia in the Yemen
was noted by Veneroni (quoted by Girges,20 1933) and has been well-
established by Sarnelli44 in 1935 and by Petrie37 in 1939. A few cases of
S. mansoni infection in Yemenites were reported, in the past, from countries
where that infection was not known, for instance from Palestine by Malchi 32
in 1924, or from Somalia by Bacchelli 5 in 1936. The high incidence of
intestinal bilharziasis in the Yemen, however, has come to light only re-
cently through the Yemenite immigration to Israel (see page 421), and has
also been revealed by the investigations of Kuntz 27, 28 in 1951.

The senior author (M. A. A.), in the course of his visit to three widely
separated regions of Arabia-Dhahran, Hasa Province, in the east; the Nejd,
in the centre; and the Hejaz, in the west-was able to collect first-hand
information as well as unpublished data obtained by colleagues, that will be
dealt with in the sections concerned. While in Jordan, the author also heard
of cases of haematuria acquired in Tebuk, a town in northern Hejaz situated
on the old railway line to Medina, not far south of the Jordan border
(see page 434).
A most interesting unpublished report (personal communication) by

Dr Abbot, of ARAMCO at Dhahran, indicated that intestinal bilharziasis
was much more widely disseminated throughout Sa'udi Arabia than had
ever been supposed, surpassing bilharziasis haematobia in importance. This
first record deals with 88 cases of bilharziasis detected accidentally among
workmen of the Company reporting at the ARAMCO hospital for other
reasons. It is stated that:

" Schistosomiasis is a highly endemic disease in Sa'udi Arabia. Both S. mansoni
and S. haematobium are reported.

" No cases of schistosomiasis have been reported from Hasa Province.
" 48.2% of the cases in this series were discovered during routine stool examina-

tions and were completely asymptomatic.
" Gastro-intestinal symptoms were the chief complaints of 57% of patients who

were symptomatic.
"A high incidence of pulmonary pathology, as evidenced by routine chest X-ray,

was noted."
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The vectors of bilharziasis are known to be present in the south-
western part of Arabia. Sarnelli,44 in 1935, commented on the plentiful
occurrence of Bulinus s.s. in San'a, Yemen. Connolly,10 in 1941, reported
Biomphalaria and Bulinus from various places in the Aden Protectorate
and Yemen, and Bulinus (subfossil) also from Hadhramaut. An interesting
record, which throws light on the recent geological history of the Arabian
peninsula, exists for the heart of the Rub' el Khali, the great southern
desert of Arabia. Philby,38 in 1932, made a collection of fossil freshwater
shells, among which were those of B. truncatus and a " Planorbis of the
corneus type ". Most of the shells were found on alluvial, gravel-strewn
soil, together with neolithic, or possibly later, flint implements, and the
find indicates that less arid conditions prevailed in these parts in compara-
tively recent times. Bulinus shells were found at and near Numaila, in the
north-east of the Rub' el Khali, and at Abu Muhairat, in the south-east;
Planorbis shells were also found at Abu Muhairat, in Wadi Raniya, west
of Wadi Dawasir, and in Hawaya, west of Abu Muhairat, in soft calcareous
surface rock (see Fig. 5, page 428). According to M. Connolly, of the
British Museum, who identified the collection, all shells were referable to
living species and the assembly was typical for the Syro-Mesopotamian
fauna, except for the deeply umbilicate " Planorbis ", which did not occur
in Syria and Palestine, though regarded as of frequent occurrence in Asia
Minor. Since, at that time, generic distinction was not made between the
large palearctic and Ethiopian planorbids, now referred to the genera
Planorbarius and Biomphalaria respectively, it is possible that these fossil
snails might be referable to the genus now known to occur in adjacent
areas of Arabia, namely Biomphalaria.

Investigations by ARAMCO staff in the Provinces of Hasa and Nejd
during the winter of 1947-48 failed to reveal vector snails. The irrigation
streams and ditches of 7 localities were examined and were found to contain
Melanoides tuberculata in 6 instances, L. natalensis in 4, Melanopsis
buccinoidea in one, and Gyraulus sp. in one.a

Analysis of the series of cases discussed on page 430 showed that four of
them came from the Sudan and one from Iraq; of the remaining 83 infec-
tions, 20 originated from Yemen and Aden, while 63 were undoubtedly
contracted in Sa'udi Arabia.

Table V gives details as to the localities or regions where the disease
must have been contracted (cf. also Fig. 5).

Subsequent records (Tarizzo 47) corroborate and expand Abbot's
observations; among 76 460 faecal examinations performed by the
ARAMCO medical department from January 1951 to May 1953, 863 (1.1 %)
were positive for S. mansoni ova. In this series also, about half of the cases
had gastro-intestinal or vague generalized complaints, while the rest were
asymptomatic. This feeble intensity of infection is ascribed to the fact

a Identified by H. A. Rehder, Curator of Mollusks. Natura! History Museum, Washington, USA
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TABLE V. PRESUMED ORIGIN OF BILHARZIASIS INFECTION FOUND IN WORKMEN
OF THE ARABIAN AMERICAN OIL COMPANY AT DHAHRAN, SA'UDI ARABIA

Contracted within Sa'udi Arabia Imported from outside

(north to south)

district or town number of country number of
Province cases cases

S. mansoni

Syrian Desert Jaut 1

Gebel Shammar Hail 3

Qasim, Nejd Shemaran 1

Qasim, Nejd 'Anaiza 1

Sudair, Nejd Majmala * 7

Nejd 2

Nejd Qa'aiya 1

Nejd Shaqra 1

Nejd Duwadmi 1

Aridh, Nejd Riadh 8

Al Kharj, Nejd 2
Al Kharj, Nejd Hariq 2
Al Aflaj, Nejd - 3
Hejaz - 2

Hejaz Shufaya 1

'Asir Abha 8

'Asir Bisha 2

'Asir Najran 10
Daher ? 1 Yemen 7

_ Ghabton 7 1 Aden 2

_ Labya ? 1 Aden (in conjunction) 8

_ Gamid ? 2 Sudan (Khartoum) 4

Total S. mansoni 61 Total S. mansoni 21

S. haematobium

Nejd Riadh 1 Iraq 1
- Naigro ? 1 Yemen 3

Total S. haematobiurn 2 Total S. haematobium 4

Grand totals local 63 imported 25

subsequently seen

After Abbot (personal communication)
* Several cases of S. mansoni, Indubitably contracted In Majma'a, were

in Kuwait by Walters,"' 1954.
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that most of the cases were among company employees who had under-
gone pre-employment physical examination, and that small attention is
usually given to the otherwise common gastro-intestinal symptoms. An
analysis as regards the presumptive place of origin of all bilharziasis cases
on record, including 51 cases of S. haematobium, is tabulated; unfortunately,
Tarizzo's map, referred to in the text of his paper, is not found in the
publication. The author concludes that bilharziasis mansoni must be
endemic in most settled places all over Sa'udi Arabia, except in the north-
east (Hasa).

Hasa Province

Although neither bilharziasis cases nor snail vectors were found in
Hasa, Dr Abbot stressed the importance of a bilharziasis research and
control progamme and especially drew attenti-on to the danger of introduc-
ing bilharziasis into Hasa Province " in view of the great influx into this
area of people from endemic areas, who frequently must transport their
water supply with them, and therein possibly the intermediate molluscan
hosts. . .

The author, while visiting Dhahran district, examined the urines of
25 primary-school boys between the ages of 12 and 18 years, in Qatif
town, with negative results.

The area contains palm-groves watered by natural freshwater springs
and a number of artesian wells, giving waters of strong mineral content,
which are controlled by stout valves. Various springs, wells, and irriga-
tion and drainage channels were surveyed in Dhahran and Qatif towns
and in the villages of Damam, Al Ajam, and Safwa. Among the molluscs
collected, one dwarfed shell of B. truncatus was found in 'Ain Arush, Safwa,
which shows that there is no need to postulate the introduction of snail
vectors into the area for a possible introduction of bilharziasis.

In view of these findings, Dr Page ofARAMCO subsequently resurveyed
the same spring, without, however, recovering Bulinus among the molluscs
collected (personal communication). He also examined the urines of
25 schoolboys at Safwa, finding no schistosome eggs, but red blood cells
in 2 cases.

Al Kharj district
The senior author (M. A. A.) visited Al Kharj district, in Nejd, lying

about 400 km south-west of Dhahran; Sahba, a model farm near Sulaimiya,
was used as first headquarters for further travel. A snail survey was made
of various streams on the farm and of wells and springs in several villages
of the area having an independent water supply: Sulaimiya, Yamama, and
Dilam. Biomphalaria sp., the snail vectors of intestinal bilharziasis, were
found in two places: in the Yamani well, which is the drinking-water well
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of Dilam, and in Farzan spring, about 3 km from Sulaimiya, which also
furnishes drinking-water. The latter stream, about one metre wide, with
grassy banks, flows through palm groves and through Farzan village, and
the snails could be very easily dipped up.

In Sulaimiya, a village of about 600 people, 24 urine samples and
22 stool samples were taken from schoolboys between 7 and 15 years old,
and 4 stool samples were obtained from teachers. Of the stool samples,
89 % (20 boys and 3 teachers) were positive for S. mansoni. None of them
had ever complained of dysentery or of blood in the stools. One case
only had urinary bilharziasis with definite haematuria; this was the son
of one of the teachers, who had recently arrived from a place near 'Anaiza,
in Qasim district.

No samples were taken in Dilam. The streams of the farm of Khefs
Daghra and of the villages of Hayatim and Thelim were examined; no
vector snails were found. -It was learned that one of the foremen of the farm,
25 years of age, who suffered from urinary bilharziasis, had contracted
the disease during a three years' stay in Tebuk from a well used for bathing
at the old house of the former Turkish Governor; this corroborates the
information obtained in Jordan.

Aridh district

In Riadh, the capital of the Wahhabites, five wells, including the drinking-
water well, were examined for vector snails, with negative results.

Twenty-five urine and 25 stool samples were obtained from primary-
school boys between the ages of 6 and 15 years. Among these, only one
boy, originating from Qasim, had bilharziasis: his urine was positive for
S. haematobium and his stool for both S. haematobium and S. mansoni.
His three brothers were then examined and were also found positive for
both types of bilharziasis. As the family had, however, spent the preced-
ing three summers in Dir'iya valley, about 25 km north-west of Riadh,
the possible Qasim origin of the disease was not taken for granted, and it
was agreed to visit Dir'iya, the boys acting as guides. Dir'iya, the village
of origin of the House of Sa'ud, lies in a picturesque gorge with many
palm-trees; its wells are fed by the rain-water pouring into the wadi. Biom-
phalaria snails were found in Hasani well at 'Ulb, not far from Dir'iya.
Ten urine and 10 stool samples were secured in Dir'iya from boys and
young men between the ages of 10 and 20. Five stools, that is, 50%, were
positive for S. mansoni. The urines were negative.

The same boys described a place in Binban Oasis where, they reported,
they had suffered itching after bathing. The author visited this oasis,
which lies about 40 km north of Riadh and which is used as a summer
resort by the well-to-do class of the capital. In Binban, bathing is possible
during the early summer in the rainwater pools left from the preceding
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rainy season. There are about 10 or 15 wells in the oasis, not more than
10 m deep; this is less than the usual depth of the wells in the area, which
ranges from 15 m to 40 m. One well, Bir Hemeda Mhessein, shallower than
the rest and surrounded by pits of varying sizes that form rainwater ponds
communicating with the main well, is a bathing place much visited by the
people. This well was so full of Biomphalaria at the time of the survey
that the surface of the water could not be seen for snails; the Biomphalaria
were less than 1 cm in diameter. It is said that a man who had bathed in
this well suffered such terrible itching that he rolled on the ground in
agony and died three days later. It is also well known that a cousin of the
King of Sa'udi Arabia who used to bathe in this well contracted intestinal
bilharziasis from which he later died.

From the King's doctor, it was learnt that some of the princes had
bilharziasis haematobia. The wells in various royal palaces, each of which
feeds a swimming-pool, were carefully examined, but no vector snails
of either kind could be found. Going into the history of their infection, it
became clear that the princes must have contracted it in the Hejaz, in Mecca.

Hejaz

Southern Hejaz, where the coastal plain widens and the mountain
ranges are low, is the gateway to Central Arabia. Here also lies Jedda
(population 40 000), the main port of Sa'udi Arabia and its communication
link with the outside world. The towns of the Hejaz show a great con-
centration of non-Arab, cosmopolitan people recruited from among the
pilgrims; they were originally trading posts importing extra food from the
revenues of the formerly extensive caravan trade, but are now chiefly
dependent on the pilgrim trade. Mecca, with a population of about 60 000,
supports less than one-fifth of its inhabitants from its oasis. Medina, the
second holy city of Islam, has lost much of its former importance, as most
of the pilgrim traffic now goes by sea. Taif is a large oasis lying to the south-
east, in the mountains above Mecca.

Jedda-Mecca district

Jedda draws its water supply from Wadi Fatima, a valley lying between
Jedda and Mecca, in the vicinity of Mecca. A pipeline leads the waters
from several sweet-water springs of the upper reaches of the valley into
reservoirs, and thence to Jedda. The senior author (M. A. A.) was told that
urinary bilharziasis was prevalent in Wadi Fatima, and was shown an
account by Dr J. Manifold, the government malariologist, who had observed
(unpublished report, in Arabic, to the Health Directorate, Jedda, Hejaz)
that the disease occurs in villages round sweet-water wells, while it is absent
from those with a certain salinity. He also observed a relation between the
intensity of the disease, the salinity of the well, and the occurrence of the
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snail Melanoides tuberculata. The apparent association of this snail with
the disease is, however, purely incidental and not causative. The results
of Dr Manifold's survey in several villages and wells of the valley are
summarized in Table VI.

TABLE VI. SURVEY FOR BILHARZIASIS HAEMATOBIA IN WADI FATIMA,
SA'UDI ARABIA

Numbers
0) positive for ~ ~ c

Spring or well C9 ~>0
Village (sources of E a c CT

drinking-water) Ec :aco ) 00 oo E° c°

El Khef 'Ain Khef 350 24 17 4 88% very sweet
abundant

Burqa 'Ain Burqa 100 29 8 2 34 % abundant sweet

Shams 'AinBKhef 1

and three 50 15 8 3 75 %
cthe -s

Abu 'Urwa 'Ain 'Urwa 1 000 25 4 4 32 % present sweet

Gumum 'Ain Gumum 100 9 2 0 22% present sweet

Abu Su'eb AVell 150 ?8 0 0 0% rare some
salinity

Hadda 'Ain Hadda
esh-shimaliya 70 7 0 0 0%

'Ain Hadda el
ganubiya - - - 0% rare some

salinity

'Ain Bahrein - - 0% rare some
salinity

l 'Ain Gedid - - - - 0% rare some

I ~~~~~~~~salinity

After Manifold (personal communication)

During our survey in the Jedda-Mecca area, the spring and streams on
the land of Sheikh Surur in Jedda, the water-supply reservoirs on the
Mecca road, and nine wells in Wadi Fatima were surveyed for the vector
snails of vesical bilharziasis, but no B. truncatus was found.

In 'Ain Khef, however-one of the springs in Wadi Fatima where,
according to the above report, bilharziasis incidence is heaviest-two
specimens of B. forskalii, a small, high-spired species formerly known as
Pyrgophysa, were found. This snail has been demonstrated experimentally,
by Adams 1,2 in 1934 and 1935, to act as the intermediate snail host of
bilharziasis haematobia in Mauritius, from where no other snail host is
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reported. From Dr Pinto,40 Health Officer in Bisseau, Portuguese Guinea,
it was learnt that this, or a very closely allied species, was the only one that
could be found in the basins of the Rivers Caiomete and Pelundo, in the
bilharzial areas near Cacheu. Bulinus snails of the forskalii group have
repeatedly been suspected as vectors in various parts of Africa, partly on
the basis of mere presence in endemic areas, or on that of cercariae shed.
Experimental infection has also been attempted by a number of workers
with varying results. Dye 14 in central Africa and Barlow 6 in Egypt failed,
while De Meillon (personal communication) in South Africa and Le Roux,29
using snails from the Gambia, succeeded. Recent records for Nigeria 69 and
Egypt (Gindy 19) seem to indicate that B. forskalii may act as a vector of
secondary importance in these countries.

Although the possibility that B. forskalii may act as vector in Wadi
Fatima cannot be denied, its presence need not necessarily exclude that of
the more usual vector, B. truncatus, which may show great seasonal varia-
tion in its occurrence and is frequently not easy to detect. The freshwater
wells and streams of Wadi Fatima certainly represent a most suitable
habitat for B. truncatus. At the time of the survey, the dominant aquatic
flora in the streams coming from the wells were a broad-leaved Potamogeton
and water lentil. The heat, humidity, and abundance of water produced a
jungle-like growth of creepers and bushes, and both the terrestrial and the
aquatic flora were more reminiscent of the Sudan than of Iraq or Syria.

In Mecca itself, 'Ain Zubeida spring, Bir 'On well, and a highly polluted
brackish stream to the west of the city were surveyed, and no vector snails
were found. Forty-nine samples of urine from pupils of the Khalidiya
school were examined (25 by M. A. A. and 24 by the hospital laboratory)
and were found free from bilharziasis.

The wells of Senussiya, Zaima, and Shar'iya, lying to the north and
east of Mecca and Wadi Fatima, were surveyed, and some urine samples
were obtained from the families using these wells. Two samples were taken
in Senussiya, from a boy aged 13 and a man aged 25 years; both were
positive for S. haematobium. It was thought that the infection could have
been acquired in Wadi Fatima, but the patients complained of itching after
using water from their own well. It was not possible, however, to survey
the well satisfactorily, as it was very deep and holding little water at the
time. In Zaima, 4 urine samples were taken from boys between the ages
of 10 and 15 years, of which one was positive for bilharziasis (25%). In
Shar'iya, urine samples from 5 boys between the ages of 10 and 15 years
were all negative. No snail vectors were found.

Taif district

The Taif group of oases contains many orchards and gardens, and its
water sources spring from superficial subterranean strata. Such an area
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seems predisposed for the breeding of snail vectors, and, although there
did not appear to be any bilharziasis cases on record from Taif district, a
visit was decided upon.

The wells and springs of 4 localities lying between Mecca and Taif, and
16 wells and springs in Taif town, were examined. Biomphaiaria sp. occurred
in 8 of them, namely in Bir el Rabi'iya, at Hawaya,a a village lying about
20 km from Taif, and in 7 of the wells and springs of the town, as follows:
in 'Ain Shubra, a drinking-water well, Bir el Sharaif, Bir Amnubi, Bir
'Auda, the basin of 'Ain el Muthanna, 'Ain el Domaniya, and Bir 'Aqiq el
Thalith.

In Hawaya, 17 anonymous stool samples were obtained from families
living round Rabi'iya well, 4 of which (24%) were found positive for
S. mansoni.

In view of our previous experience, our inability to locate B. truncatus
snails was not taken as a sign of the absence of vesical bilharziasis, and
25 urine samples were taken in Taif town from boys between the ages of
8 and 16; these, however, all proved negative.

Medina
Together with the dwindling population of Medina, which has fallen

from 200 000 to 60 000, the land under cultivation is much reduced and
many wells are filled in and dry.

Twenty-four wells in and around Medina were surveyed for snail vectors,
with negative results. At the orphanage 25 urine samples were obtained
from boys between the ages of 8 and 15, and another 10 samples from boys
between the ages of 10 and 13, living in the neighbourhood of the wells
surveyed; no bilharziasis was found.

Discussion

In the extremely short time available for so large a territory, systematic
sampling was out of the question; the survey was limited, therefore, to the
following-up of leads enabling an opinion to be formed. It should be
noted that, at best, the obtaining of samples of excreta is difficult in Arabia
and that the suggestion seldom meets with favour. Partly for this reason,
and partly in order to demonstrate local acquisition of infection, the in-
vestigator (M. A. A.) made a point of examining children: from 265 samples
examined, excluding the 17 anonymous samples, only 4 were from adults.

To sum up, the suspected endemicity of S. mansoni, mostly asymp-
tomatic, in various localities of Kharj and Riadh areas, was confirmed,
and a focus of this infection discovered in Taif Oasis, while the presence
of Biomphalaria, the suitable snail vector, was demonstrated in all 3 areas
and in 12 different places.

a Not the Hawaya in the " Empty Quarter ". In Arab countries place-names frequently recur.
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The presence of endemic bilharziasis haematobia was confirmed in the
Mecca area by finding infections in localities other than those already
reported, and evidence was obtained which pointed to Tebuk Oasis in
northern Hejaz and to Qasim Province in northern Nejd as foci of vesical
bilharziasis. B. truncatus, the acknowledged snail vector of S. haematobium
in the Middle East, was not found in Hejaz, though B. forskalfi, a species
incriminated by some, was present. B. truncatus was, however, located in
Hasa Province, into which it seems possible that the disease may be
introduced.

Table VII summarizes the significant data obtained in the survey, while
all molluscs collected are listed in Table VIII.

TABLE VIl. SURVEY FOR BILHARZIASIS * AND VECTORS IN SA'UDI ARABIA

Urine samples Stool samples

Localitv infected infectedexam- exam v
ined ined

number % numberl

Hasa

Qatif

Safwa

Kharj, Nejd

Dilam

Sulaimiya

Aridh, Neld

Riadh

Dir'iya

Binban

Hejaz

El Khef

Mecca

El Senussiya

El Shar'iya

El Zaima

Hawaya

Taif town

Toa 2Total ,204 5 78 33

89

4

50

24

Bulinus truncatus

Biomphalaria sp.

Biomphalaria sp.

Biomphalaria sp.

Biomphalaria sp.

Bulinus forskalii

Biomphalaria sp.

Biomphalaria sp.

'Ain Arush

Bir 'amani

'Ain Farzan

Bir Hasani

Bir Hemeda
Mhessein

'Ain Khet

Bir Rabi'iya

in 7 wells

* Over 95% of the individuals examined were boys under 15 years of age.
** Subjects had come from Qasim district.
t Manifold (personal communication); see Table VI, page 436

25

24

25

10

49

2

5

4

25

0

1**

0

2

0

0

4

4

0

88f

0

100

0

25

26 2-

25 1**

10 5

known to occur

17 4

439

Potential
vector snails

Spring or
well

0

O
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TABLE VIII. AQUATIC GASTROPOD MOLLUSCS COLLECTED IN SA'UDI ARABIA

District Locality Spring or well Species

steas n an o Mnite

Al Hasa Damam

Al Khodairiya

Al Ajam

Safwa

Qatif

Al Kharj Al Sula

Thelim,
and Ha

Dilam

Khefs i

Al Riadh

Heiaz:

Jedda

Mecca

Taif

timiya

'Afula,,yatim

'arm

Wadi Fatima

Al Shar'iya

Mecca-Taif road

Taif

Medina

streams on land of Minister
of Finance

spring

Sabitiya spring and 'Aqiq
spring

'Ain Arush

'Ain el Ganubiya

artesian well and various
springs

'Ain Farzan

various springs

Bir el Yamani

Khefs spring

Koleb el Hasani

Bitr Hemeda Mhessein

'Ain Hadda

'Ain Khef

Samha and Rima springs

Bir el Senussiya

Bir el Sharaif
'Ain Shubra
Bi, Amnubi
Bir 'Auda
Hod 'Ain el Muthanna
'Ain el Domaniya
Bir'Aqiq el Thalith

15 wells

Melanoides tuberculata
Lymnaea natalensis
Melanopsis sp.

Melanoides tuberculata
Melanopsis buccinoidea

Lymnaea natalensis
Melanoides tuberculata
Melanopsis buccinoidea

Bulinus truncatus *
Melanoides tuberculata
Lymnaea natalensis
Gyraulus sp.

Melanoides tuberculata

Lymnaea natalensis
Melanoides tuberculata
Melanopsis buccinoidea

Biomphalaria sp.*
Lymnaea natalensis
Melanoides tuberculata

Melanoides tuberculata

Biomohalaria sp.

Melanoides tuberculata

Biomphalaria so.

Biomphalaria sp.

Melanoides tuberculata

Bulinus forskalii *
Melanoides tuberculata

Melanoides tuberculata

Melarnoides tuberculata

Biomphalaria sD.

Melanoides tuberculata

* See Fig. 1 (page 405).
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In the opinion of the senior author (M. A. A.), the importance of bil-
harziasis in the country is by no means negligible. The full debilitating effect
of the disease, however, especially if it is allowed to spread unchecked, will
become apparent only with progressive industrialization. There is little hope
that the danger will b.- realized in Arabia, where, at present, epidemic and
infectious diseases such as smallpox draw more attention. Moreover, the
Health Services, which consist of a handful of hospitals for a population
of several million, are not in a position to deal with the problem, even with
the best of intentions. The main effort of the Sa'udi health authorities for
the next few years will lie in curative and not in preventive medicine.

In the eventual implementation of control measures great difficulties in
reaching infected persons and in the administration of a complete course
of treatment are to be expected. The elimination of the snail vectors from
the self-contained wells and springs does not, however, present a major
problem. In the case of infested wells, the digging of a new shaft and the
simultaneous filling-in of the old one will be a simple and permanent way
of eliminating the snails. For springs, the deviation of infected distributaries
into new channels and the filling-in of the old channels might be attempted
wherever topographically possible, together with molluscocidal treatment
at the head of the spring.

SYRIA

General Description

The area of the State of Syria amounts to some 18 million hectares
about half of which are mountains, swamps, and deserts, unfit for either
cultivation or grazing; 12% of the total area is under cultivation and 90%
of the cropping is done under rainfall. The irrigated areas amount to about
280 000 hectares, most of the irrigation water being derived from river
supplies. Extension to over 400 000 hectares is contemplated.

The annual rainfall is heaviest along the northern Turkish frontier,
where it averages 750 mm in the Mediterranean coastal region and 500 mm
in the eastern, inland region. It rapidly diminishes towards the south,
where it is about 200 mm in the coastal zone and 150 mm in the east. The
centre of the country is desert.

The large triangular tract of land cut off by the Euphrates in the north-
eastern corner of Syria forms the Syrian " Jezire " or Syrian Mesopotamia
(see Fig. 2, page 406). Two tributaries, the rivers Balikh and Khabur,
flow through the Jezire from north to south. Their sources lie partly in
Syrian and partly in Turkish territory. The land slopes gently south
from an altitude of 500 m. The numerous creeks of this region, shallow at
first, cut into the land and for this reason perennial irrigation is practised
only in their upper course; they are usually long, narrow streams, about
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1-2 m wide and 1-1 1/2 m deep. They carry more water in winter, after the
rains; in summer the perennial irrigation uses up so much of the water at
the head of the creeks that in many instances it does not reach their lower
courses. Only about 300 000 hectares of land are now under cultivation,
mainly in the north, while another 700 000 hectares would be cultivable in
the south if the river supply were canalized.

Information Available on Bilharziasis

The territory occupied by the Syrian State was long considered free of
bilharziasis, only one S. haematobium case of doubtful autochthony being
on record from Damascus (Pomme & Sabagh 42 (1922)). The first authen-
ticated report on the occurrence of vesical bilharziasis in the northern
Syrian Jezire, close to the Turkish border (see Fig. 2, page 406) was made
by Pipkin & Rizk 41 in 1949. Their investigations not only confirmed word-
of-mouth reports on two foci of bilharziasis, but seemed to indicate that
the infestation was not evident before 1937. These two foci are situated,
one at Tell Abiad (see Fig. 6), about halfway between the coast and the
Iraq border, in the upper reaches of the Balikh; the other at Qubur el
Bid a (see Fig. 7), not far from the Iraq border, in the upper reaches of the
Jerrah, which, together with other tributaries, flows into the Khabur and
thus to the Euphrates.

The population of the region grows -wheat, cotton, and rice, but depends
largely on sheep-raising. In the Tell Abiad area, the " Turkoman " popula-
tion, which is of Turkmene and Arabic origin, is semi-nomadic, following
their grazing flocks in summer-a custom which might easily facilitate the
spread of the disease. The inhabitants of Qubur el Bid are a mixture of
Kurdic stock with ancient Assyrian tribes and nomadic Arabs, and are
more settled. In both cases the population is very poor and stricken
with malaria. Senegalese and other troops have been incriminated in the
introduction of the disease, but the most natural explanation would lie in
the movements of nomadic Bedouin to and from Iraq territory, which is
known to be infested with bilharziasis.

It was found that infestation in these two foci was intense but localized.
In Qubur el Bid village, on the river Jerrah, which has a population of

about 750, a house-to-house survey, resulting in the microscopic examina-
tion of urines from 545 persons, revealed an incidence of bilharziasis of
62 %, the incidence in males being 73 % and that in females 49 %; 83% of
positive male cases also had haematuria. Analysis as to age-groups (see
Table IX) showed that incidence in the groups under 20 years was markedly
higher than in the older groups.

n A WHO-sponsored Bilharziasis Control Project is under way in this area at the present time (1956).
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FIG. 6. BILHARZIASIS HAEMATOBIA INFECTION IN TELL ABIAD AREA,
NORTHERN SYRIA

---_ Stream

A Bulinus truncatus

Z21/ Frontier l i lRailway - _ Road
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After 'Alami (personal communication)
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FIG. 7. BILHARZIASIS HAEMATOBIA INFECTION IN QUBUR EL BID AREA,
NORTHERN SYRIA

///// Frontier - - Road
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After 'Alami (personal communication)
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TABLE IX. AGE AND SEX DISTRIBUTION OF BILHARZIASIS HAEMATOBIA
INFECTION IN THE POPULATION OF QUBUR EL BID DISTRICT

Age-group (years)
Sex

2-6 7-12 13-19 20-29 30-39 40-49 50-69 70-89 Totals

Males

Number examined 28 105 26 38 57 29 9 0 292

Number positive 21 83 21 25 39 19 4 212

Percentage positive 75.0 79.1 80.8 65.8 68.4 65.5 44.4 72.6

Standard deviation ±8.2 ±4.0 ±7.7 ±7.7 ±6.2 ±8.8 ±16.6 ±2.6

Females

Number examined 21 64 39 47 37 17 26 2 253

Number positive 13 52 24 12 12 6 6 0 125

Percentage positive 61.9 81.3 61.5 25.5 32.4 35.3 23.1 49.4

Standard deviation ±10.6 ±4.9 ±7.7 ±6.4 ±7.7 ±11.6 ±8.3 ±3.1

Total (both sexes)

Number examined 545

Ntimber positive 337

Percentage positive 61.8

Standard deviation ±2.2

After Pipkin & Rizk'1

A spot check for haematuria was conducted in 19 neighbouring villages
to determine the extent of the disease. It appeared that the infected villages
among these were all within a mile (1.6 km) of either the River Jerrah or one
of its tributaries, the Sublakh (see Table X). Shells of Bulinus s.s., the snail
host of urinary bilharziasis, were found on the grassy banks of the Jerrah.
On the basis of an estimated general bilharziasis incidence of 62% among
the population, it was calculated that about 900 persons suffered from bil-
harziasis in the Qubur el Bid area. The infection was thought to have
originated from Qubur el Bid village, but since children who had apparently
never left their villages also showed infection, this was taken as conclusive
evidence that the watercourses near their villages had become infested.

In the Tell Abiad area, spot checks were made only in 5 villages. In-
festation was very high but more localized, and was reported as originating
from Hammam Turkoman, a group of villages south of Tell Abiad, on
the River Balikh.

After this survey a treatment expedition was sent to the Qubur el Bid
area, where 906 bilharziasis patients were treated in the winter of 1949,
before the treatment was interrupted on account of bad weather. The

7
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TABLE X. SURVEY* FOR BILHARZIASIS HAEMATOBIA IN VILLAGES OF THE
QUBUR EL BID AND TELL ABIAD FOCI

I ~~~~~~~~~~~~~~~ApproximateT Approximate
Village Location ~~Estimated bilharziasis population

d tnefo
Village Location ~ haematobia infection (Government primary focus

census) ** Iof infection

Qubur el Bid district

0.4 km from Jerrah

on west bank of Jerrah

0.4 km from Jerrah

on west branch of Jerrah

0.4 km from Jerrah

on east branch of Jerrah

on Sublakh, west of
Qubur el Bid

1.6 km west of Sublakh

on west bank of Sublakh

on small branch of
Sublakh

near Sublakh

on Jerrah, downstream
from Qubur el Bid

near Jerrah

very near Jerrah

0.4 km from Jerrah

Qatrani and Jerrah join
nearby

0.4 km from Jerrah

on Qatrani

on Oatrani

4 schoolboys had
haematuria

no mass infection:
1 patient came to Qubur
el Bid for 'Nassermann
examination

none

2 or 3 cases

none

none

about half the inhabi-
tants

3 boys, 2 men

none

none

25 children

half the inhabitants

none

all adults, many
children

many children

many adults, many
children

many children

some children

many schoolchildren

204

275

50

75

100

78

150

189

50

157

75

92

65

76

155

145

175

100

550

3.7

4.0

7.6

8.7

10.5

7.4

4.0

10.5

8.0

3.5

4.0

1.9

4.2

4.8

8.0

10.5

12.0

5.6

8.0

Tell Ablad district

Sluq on Hawija branch of moderate 11.3
Balikh River

Tell Sluq Balikh heavy 12.9

Sluq Aatiq Balikh moderate 13.7

'Omar Hlul not on river none 15.3

'Ain Sluq not on river none 16.9

After Pipkin & Rizk
* Based on summary questioning and spot checks

** No figures available for Tell Abiad district

Shalhumiye

Mezqaft

Tell Khatun

Al Arash

Kirdem Sa'id

Utelja

Duqer

Qirke Shamu

Rutan

Mahreikan

Zoraya

Oirsheran

Tell Barham

Rahaya

Lailan

Suqiya

Hamara

Bayaza

Maashuq
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Syrian Government then approached the Turkish authorities, asking them
to investigate the problem in the adjoining Turkish territory.
A subsequent (unpublished) survey by Dr Abdel Halim 'Alami, of the

Syrian Ministry of Health, among the treated population showed that
25% had not been cured. He re-estimated the bilharziasis situation among
the population of both foci from spot check examination and summary
questioning, as shown in detail in Tables XI and XII.

TABLE XI. ESTIMATED BILHARZIASIS HAEMOTABIA INFECTION
IN TELL ABIAD AREA

Estimated
number of

infected people

Sluq 275 200 72.3

Sluq el Aatiq 75 60 80

Hammam Turkoman (Hamidi,
Khalaf, Mostafa) 2 000 1 600 90

Dughaniye 120 4 3.3

Kherbet el Roz 80 2 2.5

Zanbaq 70 2 3

Ali Bajliye 75 1 1.3

Total 9 villages 2 695 2 069 76.8

After 'Alami (personal communication)

Although in this survey Bulinus snails were found only in the River
Sublakh, practically the whole length of the major creeks of the two regions
were considered polluted, as may be seen from the following tabulation
(after 'Alami):

Tell Abiad area
stream length (km) infested

Balikh first 30
'Ain 'Arus branch 30
Tell Abiad branch 25
Sluq 4

Total 89

Qubur el Bid area
stream length (km) infesred

Jerrah first 60
Sublakh 15
Qatrani 27
'Abbas 24
Various other branches 13

139

The result of Dr 'Alami's survey in the two Syrian foci of bilharziasis
infection are summarized in Table XIII.

447
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TABLE XII. ESTIMATED BILHARZIASIS HAEMATOBIA INFECTION
IN QUBUR EL BID AREA

Village Estimated number of Percentagepopulation infected people infected

Infected villages in Wadi el Jerrahi

Tell Hasanak 100 50 50

Girdem Sa'id 135 6 4.4

El Arash 30 2 8

Tell Khatun 250 10 4

Utelja 60 2 3.3

Amir Daham 9 1 11.1

Mezqaft 250 25 10

Khzeimok 50 5 10

Shalhumiya 250 20 8

Mell Abbas 75 10 13.3

Dreijik 30 5 16

Qubur el Bid 800 700 87.5

Girdahol 150 50 33.3

Tell Barham 70 10 14.3

Rahaya 70 56 80

Lailan 180 90 50

Suqiya 150 70 50

Hamara 250 200 80

Farsuk el Sharqiya el Kubra & el
Sughra)

Damergi

El Hasawiye el Fauqani

El Hasawiye el Tahtani

Arzana

Farsuk el Gharbiya

Girsheran

200

100

600

100

200

60

80

10

10

500

70

50

10

60

5

10

83.3

70

25

16.3

75

Infected villages in Wadi el 'Abbasi

Girmarge

Araimish

Nabbu'a
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TABLE XII. ESTIMATED BILHARZIASIS HAEMATOBIA INFECTION
IN QUBUR EL BID AREA (continued)

F Village Esti mated Estimated PercentageVillage ~~~population number of ifceinfected people ifce

Infected villages In Wadi el Qatrani
Maashuq 500 100 20

Qatrani Baika and Qatrani Dasha 250 70 28

Girdem Halime 150 20 17

Kerira 400 100 25

Gundek Sa'id 250 30 12

Abu Hajara 120 10- 8.3

Bayaza Saghira (fauqani) 60 10 16.6

Baya7a Kubra 160 50 31.3

Gharduqa 350 50 14.2

Babasi 100 10 10

Deirun Kolunga 300 10 3.3

Infected villages In Wadi es Sublakh
Zoraya 40 6 15

Rutan 75 20 26.6

Girkeshamu 200 25 12.5

Mahreikan leo 20 14

Duqer 200 120 60

Nasran 200 120 60

Helwa 500 125 25

Qotba 20 2 10

Tell Sha'ir 700 30 4.3

Bandur 200 4 2

Girswar 170 10 6

Kherbet el Dib 250 16 6.5

Infected villages further from the creeks
Seheil 250 4 1.1

Blaij 200 4 2

Siha 700 10 1.4

Khaznet Khereja 100 1 1

Bazune 250 3 1.2

Kharab 'Abd 300 9 3

Buwaitikh 60 5 8.3

Total 58 villages 12 834 3 061 23.6

After 'Alami (personal communication)
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TABLE Xil. ESTIMATED BILHARZIASIS HAEMATOBIA INFECTION
IN THE TWO SYRIAN FOCI

Bilharziasis cases Infected
Infected streamArea ~~~villages Pouainlengths

number (%) (kmn)

Qubur el Bid 58 12834 3061 23.6 139
Tell Ablad 9 2695 2069 76.8 89

Total 67 15 529 5130 33 228

After 'Alami (personal communication)

Survey

A general survey of the Syrian territory was not possible in the short
time available. Since no case reports existed, it was attempted at least to
locate as far as possible potential vectors on the way from Damascus to the
two known foci.

The following streams were examined: the River Barada near Damascus;
the River Orontes at Homs and Hama; the Euphrates at the crossing of
the road from Alep to Raqqa; the Euphrates and its affluent, the Balikh, at
Raqqa; also, in the region between the two foci of bilharziasis: Ras el
'Ain, the source of the River Khabur; channels on land irrigated from the
Khabur near Hassacha; irrigation channels at Tell Tamer; the rivers
Khabur, Khneizir, and Jaghjagh at their confluence with the Wadi er Ridd;
and the junction of the Jerrah with the Jaghjagh. All these places were
atypical sites for Bulinus, and none were found among the aquatic molluscs
collected (see Table XIV).

Time likewise did not permit of a thorough examination of the popula-
tion in the two foci, and the survey was limited to (a) significant checks, in
a number of villages, on the limits, extent, and origin of bilharziasis in-
festation, and on various discrepancies noted in the previous estimations,
and (b) the survey of streams for vector snails, although the season was not
favourable. Data were collected by summary questioning and were re-
inforced by the microscopic examination of a number of urine samples.

In Tell Abiad area the southern limit of incidence was confirmed, urine
samples at Hisha being negative. Practically all infected cases met in Ezbet
Zaghiro, in Dughania, and on the upper Sluq, could be traced back to the
Turkoman group of villages. The microscopic examination of 67 urine
samples, covering various age and sex groups from one of the three Turko-
man villages, Sheikh Hamid, with a population of about 600, revealed
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TABLE XIV. AQUATIC GASTROPOD MOLLUSCS COLLECTED IN SYRIAN
FRESH WATERS

Location

Barada river, near Damascus

Ras el 'Ain spring, origin of Khabur river

Khabur, branch

'Ain el Sheragrag spring

'Ain 'Arus spring (feeding Balikh)

'Ain Sluq el Maqat spring (feeding Balikh)

'Ain Sluq spring (feeding Balikh)

Balikh river, Khuzeima branch

Balikh river, at Turkoman branches (from 7 different
spots)

Balikh, at confluence o 'Ain 'Arus branch

Jaghjagh river, at confluence with Wadi er-Ridd

Sublakh, at Qamishli-Qubur el Bid road

Sublakh river, upstream, at mill

Sublakh river, upstream

Jerrah river, at Turkish border

Jerrah, branch at mill, upstream of Qubur el Bid

Species

Lymnaea lagotis *
Melanopsis sp.1
Bithynia hamicensis
Neritina sp.

Melanopsis sp.
Neritina sp.

Melanopsis sp.

Melanopsis sp.

Melanopsis sp.
Neritina adansoniana

Gyraulus sp.t

Lymnaea lagotis
Gyraulus sp.

Lymnaea lagotis
Bithynia hamicensis

Bulinus truncatus
Melanopsis sp.
Lymnaea lagotis tt
Gyraulus sp.
Succinea syriaca
Neritina sp.

Melanopsis, various sp.

Lymnaea lagotis

Bulinus truncatus tt

Lymnaea lagotis
Melanopsis sp.
Bithynia hamicensis
Gyraulus sp.

Lymnaea lagotis
Melanopsis sp.
Bithynia hamicensis

Melanopsis sp.
Bithynia hamicensis
Neritina sp.

Bulinus truncatus

Apart from Ceratophyllum and grasses, no aquatic weeds were found at the time of the survey.
* Identifled after Pallary." According to Hubendick " this snail Is referable to L. peregra,

the common Lymnaea of Europe and Is closely allied to that of Africa, L. natalensis (see note to
Table II, page 415). Its possible importance as a vector of Fasclola In Syria, where the fluke is
prevalent, ought not to be overlooked.

** In Syria, the genus Melanopsis shows a great variety of smooth, costate, and nodulate forms,
special not only to each stream, but even to different stretches of the same stream (Pallary ").

t Gyraulus piscinarum (Pallary ")
tt See Fig. 1, page 405.
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37 cases of bilharziasis; this corresponds to an incidence of 55 % instead
of the 90% estimated by Dr 'Alami.

No snail vectors were found in any of the upper branches of the Balikh.
In the Turkoman region, the Balikh is split into parallel and intercom-
municating branches, regulated just above Dughania village, for the alter-
nating cultivation of varying tracts of land. These channels seemed a likely
habitat for vector snails, but dipping in several places gave no results. Only
when a portion of the easternmost branch, facing Sheikh Hamid, was
drained by diverting the waters, and the stream-bed was dredged, were
6 small and fragile Bulinus found (see Fig. 1, page 405).

In Qubur el Bid area, bilharziasis cases could easily be traced back to
Qubur el Bid village; the reverse evidence was furnished by an examination
in Tell Hasanak village, on the upper Jerrah, where 11 children under
12 years did not show infection, although the incidence has been given as
50% by Dr 'Alami.a

At the time of the survey, the lower part of the Qatrani and the whole
of the 'Abbas were dry. In the upper reaches of other creeks the current
was strong and no vector snails were found. The presence of Bulinus s.s.
in the Sublakh and the Jerrah was confirmed without difficulty (see Fig. 1).

On the Sublakh, Bulinus in appreciable numbers were dipped out at a
spot situated a few metres from the Qamishli-Qubur el Bid road, where the
stream was slowed down by boulders, and where aquatic weeds thrived in
the slack between the boulders, while trees along the bank afforded shade
and shelter. On the Jerrah, Bulinus were found immediately upstream of
Qubur el Bid village in a branch coming from a flour mill, which had grassy
banks and was shaded by willow trees, and where the velocity of the current
was slowed and the volume of the water diminished.

Judging from the temporary nature of most of the streams and the
strong current in others, together with other ecological factors and the
negative results of examination, snail infestation is believed to be much more
localized and less extensive in the two bilharziasis foci than was estimated
by the Syrian surveyor. This opinion was borne out by tracing the origin
of bilharziasis infection contracted in the area.
A list of the various species of molluscs recovered in Syrian territory is

given in Table XIV.
In view of the fact that southernmost Turkey and northern Syria form a

homogeneous hydrological unit, it has been thought that both Bulinus
snails and bilharziasis cases were likely to occur across the border. However,
the representatives of the Turkish Ministry of Public Health stated that
bilharziasis had not been found. Eight villages-Kuntar, Kundighanna,
Kirhassan, Sharkani, Kartuan, Tell 'Akub, Agurlu, and Azanawar-had
been examined by taking from each village 25-50 samples of urine, with
negative results.

a Later information, especially details on the Qubur el Bid area, is to be found in a report by Helmy.2"
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The senior author (M. A. A.) examined, within Turkish territory, streams
flowing into Syria, from the village of Nassiben to the sources of the Jerrah,
finding neither vector snails nor likely habitats in the stretch surveyed.
Other species collected were:

Location Species

'Ain Agurlu Bithynia hamicensis
Neritina sp.

'Ain Azanawar Lymnaea lagotis

In the source region of the Balikh, a little more to the west, at Siuriic,
Berkin & Berke 7 found snails they believed to be Bulinus.

Discussion

The fact that two small but intense foci of bilharziasis haematobia
could establish themselves in the northern Syrian Jezire, a region lying
at the northern distribution limit of this disease, indicates that, once irrigated,
the southern Jezire downstream of these foci is likely to be endangered.
It is not impossible that light and sporadic bilharziasis already exists along
the Euphrates in Syria. Infection was reported in Abu Kamal, on the Iraq
border, by the Iraq Ministry of Health (see pages 411-412).

In the present bilharzial foci the diversion of certain streams has been
envisaged in the past for agricultural purposes, that is, to enable the higher
lands to be cultivated. Such a deviation would make possible the elimination
of certain snail foci and would check the establishment of others, provided
care was taken to maintain a brisk flow and rapid drainage. In 1949, a
joint committee was formed of representatives from the Syrian Ministries
of Health, Agriculture, and Public Works, which considered the diversion
of the Jerrah from a point near its source. There are neither technical
obstacles nor obstacles of a practical nature, as the new bed would remain
in the hands of the same tribe and as the villages along the Jerrah do not
depend on the stream for their water supply, using wells for drinking and
household purposes. In the Tell Abiad area, for instance, the diversion
of the easternmost Turkoman branch from a point north of the Turkoman
villages was begun by private enterprise, but was abandoned for lack of
funds. This deviation would have eliminated the snail habitats in the
channels near the villages; it is thought that encouragement of such pro-
grammes might be worth while.
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RJtSUMIt

La mise en valeur des terres semi-desertiques de certains pays du Proche-Orient par
de vastes projets d'irrigation risque d'intensifier l'end6mie bilharzienne et de creer des
foyers d'infection dans les regions jusqu'alors indemnes. Une enquete effectu6e sous les
auspices de l'OMS dans six pays, en 1950-51, a permis de se faire une idee g6n6rale de la
situation et des dangers encourus.

En Irak, dans la r6gion mesopotamienne, la bilharziose semble 6tablie depuis long-
temps. Peu importante dans la partie septentrionale de la vall6e du Tigre, l'endemie a
haematobium est forte dans la partie moyenne et meridionale, bien que l'infection soit
saisonniere et les cultures peu developpees. On a de bonnes raisons de redouter les conse-
quences que vont avoir sur l'extension de la bilharziose les grands travaux d'irrigation
qui sont prevus ou en voie d'ex6cution dans ce pays.

Le probleme n'a pas la m8me gravite en Israel oui l'on ne prevoit pas l'irrigation de
vastes espaces et oiu les conditions ne sont pas favorables a la pullulation des mollusques.
Toutefois, la pr6sence de sujets infectes, dans les camps provisoires de refugies, risque
d'intensifier l'end6mie, jusqu'ici b6nigne dans l'ensemble du pays.

En Jordanie, l'enquete n'a revel6 que deux cas, importes, dans les camps de refugies.
Aucun mollusque vecteur n'a 6t6 trouve dans les cours d'eau examin6s. L'exploitation
des eaux du Jourdain et du Yarmuk pourrait cependant creer des conditions favorables
a la maladie.

La bilharziose semble etre inconnue au Liban, oii tous les examens microscopiques,
qu'il s'agisse de la population r6sidente ou des refugies, ont ete n6gatifs.

En Arabie Saoudite, la pr6sence de la bilharziose a haematobium, le plus souvent
asymptomatique, ainsi que l'existence du vecteur Biomphalaria dans trois zones et douze
localites, ne pruvent etre consider6es comme negligeables. Les consequences de l'extension
de l'endemie, qui peut rester asymptomatique, ne se manifesteront qu'a mesure que le
pays s'industrialisera. It y a peu de chances que la maladie puisse retenir l'attention des
autorites sanitaires nationales, preoccupees au premier chef par d'autres problemes de
sante publique, tels que celui de la variole. II serait d'ailleurs tres difficile de depister tous
les cas et d'administrer le traitement complet. L'6limination des vecteurs, en revanche,
pourrait se faire assez facilement, en comblant les puits infestes de mollusques tout en
en forant d'autres, et en creusant d'autres canaux a l'6mergence des sources et en comblant
ceux qui sont infestes.

En Syrie, deux foyers fortement infestes de bilharziose 'a haematobium ont 6t6 reperes
dans le nord, a la limite septentrionale de repartition de la maladie, Une fois irriguee, la
region au sud de ces foyers court le risque d'etre infectee. Divers projets de derivation des
cours d'eau en vue de l'irrigation, qui auront pour consequence Yassechement des gites
de mollusques, sont a encourager.
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