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Studies on Bilharziasis Endemicity in the Vicinity
of Basra, Iraq *

H. H. NAJARIAN,' J. DE ARAOZ,2 C. R. KLIMT,3 K. AL ANI4 & J. AZZAWI 5

This paper reports on investigations into the distribution of snail genera and possible
limiting environmental factors in the endemic and non-endemic areas ofhuman bilharziasis
in and near Basra, carried out in 1958 by the WHO Bilharziasis Control Project staff in
Iraq. These investigations confirmed the existence ofan abrupt line ofdemarcation between
these areas immediately south of Basra.

During June and October 1958, the known intermediate snail host, Bulinus truncatus,
was notfound in canals bordering on areas ofeither infected or non-infected human popula-
tions. From these findings and the evidence ofprevious investigations it is concluded that in
southern Iraq, andparticularly in Basra, B. truncatus has been demonstrated with difficulty,
if at all. Nevertheless, transmission has continued to take place. Explanations of this
apparent phenomenon are discussed and it is concluded thatpopulations of B. truncatus may
be completely absent for several years and that other snail genera may play a role in
transmitting the disease.

A study of environmental factors indicates that water velocities, salinity, turbidity, and
pH in the endemic and non-endemic areas showed no significant differences, but that the
continuous change in waterflow may be afactor limiting B. truncatus colonization.

It is also concluded that the salinity in the Shatt al Arab River originates from Lake
Hammar and is not introducedfrom the Persian Gulfby tidal wave, as has been previously
believed.

INTRODUCTION

It has long been known from the literature
(Sturrock, 1899) and by the local health officials of
Iraq that vesicular bilharziasis occurs in the Ashar
and Khandak vicinity of Basra, but south of these
areas it is found scarcely, if at all. The general
explanation of this phenomenon has been the absence

* The work reported was undertaken during 1958 by
the WHO Bilharziasis Control Project Team in Iraq.
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of the snail intermediate host, Bulinus truncatus,
from the area free of human infection. The limiting
factors for the colonization of B. truncatus south
of Basra have been considered to be the tidal effects
of the Persian Gulf (Sturrock, 1899), and sudden
saline incursions into the areas irrigated by tidal
flow from the Shatt al Arab River (Watson, 1953,
1958).
The WHO Bilharziasis Control Project staff

studied the question of bilharziasis endemicity in
Basra during June and October 1958. The purpose
of the investigations was to establish more firmly
the apparent demarcation line of the disease, to
determine whether populations of B. truncatus fall
off abruptly when going from endemic to non-
endemic areas of the human population, and to
examine some of the environmental features of the
irrigation canals for possible limiting factors with
respect to the colonization of B. truncatus. This
paper presents the results of those studies.
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MATERIALS AND METHODS

Single urine specimens were collected mostly
from children of early school age having a history
of being born and reared in a specific village. These
urines, a total of 427 samples, were subjected to
centrifugation and examined microscopically. Many
of the samples were obtained from inhabitants of
houses or temporary settlements near a main canal
originating from the Shatt al Arab River, or from
people living in the vicinity of a principal branch of
a main canal. In order to sample from an age-group
known to be highly exposed, emphasis was placed
on children between the ages of 5 and 15 years. In
some cases boys were caught while bathing in the
canals and questioned regarding itching sensations
and haematuria. About 50 urine samples were
collected from each canal zone, beginning in known
endemic areas within the Ashar district of Basra,
and south as far as Fao along the Shatt al Arab
River toward the Persian Gulf.
The search for molluscs was accomplished by

means of a drag scoop developed in Iraq,' and by
the collection and examination of large amounts of
aquatic vegetation. The vegetation was shaken
vigorously and the fallen snails and plants themselves
were then examined. A total of 13 canals was
studied beginning from the Shatt al Turik in the
vicinity of Basra Airport and southwards to Abu
Filus. The relative abundance of the snail and
bivalve genera from each canal was recorded, and
observations were made on the prevalence of water
plants, the nature of the canal bottom, and the gross
water quality and degree of pollution. Examinations
for cercariae were made by crushing snails between
glass slides and then examining the preparations
with both dissecting and compound microscopes.
A Watts current meter (Mk. 4) with an electric

counter was used in the determination of water
velocities. These velocities were taken on the centre
line at water surface from each bridge crossing the
main canals on the road to Fao. Turbidity was de-
termined by means of a platinum rod turbidimeter.
Hydrogen-ion activity was determined with pH
paper. Supplementary information relative to
water flow, turbidity and salinity was obtained from
the Hydrological Section and Laboratories of the
Port of Basra; from the engineering office of the
Basra Irrigation Department; from Tippets, Abbett,
McCarthy and Stratton Engineers, Inc.; and from

I Hairston, N. G. (1956) Essay on sampling techniques
(unpublished working document WHO/Bil. Ecol./ll ).

the laboratories of the Directorate of the Medical
Services of the Port of Basra. Observations of the
general aspects of the watercourses were also made.

GENERAL OBSERVATIONS OF THE CANALS

Shatt al Turik Canal
This canal is in the vicinity of the airport and was

highly polluted. It had a pebbly, oily bottom with
sparse vegetation. There was evidence of extensive
human excretory deposition along the banks.

Jubalah Canal
The bottom of this canal was very muddy; the

water was stagnant; and there was extensive vegeta-
tion. Human excretory activity was only slight. The
canal is located about 2 km south of the Shatt al
Turik.

Khandak and Ashar Canals
These two canals flow across the Ashar district

of Basra, the Khandak marking the northern limit.
Their courses are straight and in certain sections
the banks are protected by brick masonry. Boat
traffic was heavy. The greater part of the shore area
is populated by so-called serifa settlements, which
are mud or straw huts built by squatters on public
or private land, mostly date-palm groves. Many
of these squatters originally came from the marsh-
lands of Amara. There was almost constant human
activity along the banks of these two canals and
gross excretory deposition. Aquatic vegetation was
scarce but grasses were present in spots along the
banks. However, in its westward course, the Khan-
dak had a large overgrowth of vegetation so that
some parts of the canal were practically choked off
with moss and filamentous algae. The canal bottoms
were pebbly and oily for the most part.

Khora Canal
This canal delimits the southern border of the

Ashar district. Its course is similar to the Khandak
and Ashar. The relatively clean embankments had
extensive serifa dwellings. There were many faecal
deposits along the banks; vegetation was scarce;
and the canal bottom was muddy.

Seraji, Muhejran, and Hamdan Canals
These canals flow through date-palm groves.

Their courses are winding and the banks irregular
compared with those of the canals of Basra.
Houses were scarce along the banks and no gross
pollution was observed. Some floating vegetation
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was seen but submerged vegetation was scarce.
Small fish were abundant.

Hamza Canal southwards to the Abu el Filus Canal
All of these relatively wide and clean canals had

generally muddy bottoms, moderate amounts of
vegetation, and exhibited scarce human faecal depo-
sition except under the bridges. The Badia, Khous,
and Bab Suleiman (Abu el Ghasib) were shallower
and narrower than the other canals of the area.
Their banks were more clearly cut and their courses
more regular than the Seraji, Muhejran, and Ham-
dan. The water was clear and without gross pollu-
tion. The Hamza, Sibeliat, and Abu Mugheir canals
had winding courses and irregular banks. In this
entire date-forest region, the largest in the world,
the canals were distinctly better kept. There was
less water pollution, owing no doubt to the less dense
human population.

RESULTS OF SURVEYS

Urine examinations
The results of 427 urine examinations from nine

canal zones are given in Table 1. Of the total, 90%
of the children were from 5 to 14 years old, and about
three times as many boys were examined as girls.
The prevalence of Schistosoma haematobium eggs in
the urine dropped from 86% in the northernmost
canal (Khandak) to 0 in the four southern zones.

TABLE I
PREVALENCE OF BILHARZIASIS BY CANAL ZONES

FROM BASRA TO FAO

Percentage positive
Urine

Name of canal samples S. haema- Red I White
examined tobium blood blood

eggs cells cells

Khandak 43 86 84 100

Ashar 45 56 58 80

Khora 48 42 56 65

Seraji 49 2 4 4

Muhejran 50 4 6 12

Hamdan 48 0 2 2

Hamza or San-
gar and Sibellat 48 0 0 0

Abu el Filus,
Bab Suleiman,
Nahar Khous 48 0 0 0

Fao and Seeba 48 0 0 0

The sharpest and most significant drop occurred
between the Khora and Seraji canals-from 42% to
2 %. The average distance between successive
canals is about 2 km, and the distance between the
Khora and Seraji is about 3 km as the road goes.
The one or two positive cases south of the Khora
canal were probably contracted further north.

In addition to urine examinations, many children
in the Ashar district were questioned with respect to
haematuria, and it was found that its occurrence
was very common. When the same question was
put to children south of the Khora canal, not only
was it found that haematuria did not occur but that
the people were acutely aware that such a condition
was common among inhabitants of the Ashar
district of Basra.

Mollusc survey
A summary of the distribution and relative

abundance of mollusc genera in the 13 canals exa-
mined is given in Table 2. Although seven genera

TABLE 2

PREVALENCE AND DISTRIBUTION OF
AQUATIC MOLLUSC GENERA
IN THE VICINITY OF BASRA

Gastropods cepods

Name , 1 i t
of canal 0 a0

Shatt al Turik 0 3 3 2 1 0 2 0 3 0

Jubalah 0 3 3 2 3 2 1 2 2 0

Khandak 0 3 3 1 3 2 la 2 2 0

Ashar 0 3 2 2 3 2 la 1 2 0

Khora 0 3 3 3 3 1 2 0 2 0

Seraji 0 1 0 1 1 0 3 0 3 0

Muhejran 0 0 0 0 0 0 3 0 0 0

Hamdan 0 1 0 0 1 0 3 0 1 0

Hamza 0 2 1 1 I2 0 3 0 3 1a

Sibeliat 0 2 2 1 1 0 3 0 3 1a

Abu Mugheir 0 2 2 2 1 0 3 0 2 0

Khous 0 2 2 2 3 0 3 0 2 0

Abu el Filus 0 1 2 1 0 0 3 0 2 0

Key: 0= absent; I = scarce;
a Shells only.
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of gastropods (Lymnaea, Melanoides, Melanopsis,
Viviparus, Bythinia, Gyraulus and Neritina) and two
genera of pelecepods (Corbicula and Unio) were
found in varying densities, it was surprising that
Bulinus snails were completely absent both in June
and October. The Ashar and Khandak canals were
extensively searched but not even a single Bulinus
shell was obtained. The snail genera whose distribu-
tion corresponded roughly to the areas of human
endemicity of urinary bilharziasis were Bythinia and
Gyraulus.

In a limited examination of snails by the crushing
method several trematode infections were observed.
Lymnaea peregra had a furcocercous, non-ornate
cercaria with eye spots, and developing from sporo-
cysts; an ornate furcocercous cercaria, lacking eye
spots, and developing from sporocysts; a non-ornate
gymnocephalous cercaria developing from rediae;
and echinostome metacercariae. A pleuolophocercous
cercaria, with eye spots, and developing from rediae;
a xiphidiocercaria developing from rediae; and a
gymnocephalous cercaria with slight tail ornation,
and developing from rediae, were all found in
Melanoides tuberculata. Sporocysts of unknown

taxonomic position were also found in some speci-
mens of Gyraulus sp.

Environmental studies
Waterflow. The system of canals studied irrigates

a narrow strip of land 3-5 km wide on the right
bank of the Shatt al Arab River (Fig. 1). The
waters derived from this river are the only source for
these canals. In order to understand the flow con-
ditions in the canals it is necessary to have a clear
picture of the irregular regimen of the feeder at this
point of its course.
The Shatt al Arab River, approximately 150 km

long, results from the confluence of the Tigris and
Euphrates Rivers at Kurna, from where it conveys
their waters to the Persian Gulf at Fao. During its
course it collects water from Lake Hammar through
Garmat Ali Canal, and from the Karoun River that
flows through Iranian territory.
The water flow in the Shatt al Arab River is

affected by the annual intensity of rainfall and snow
melting in the mountains of Turkey, northern Iraq
and Iran. Since there are multiple sources that
supply the Shatt al Arab, the water flow varies both

;.1
CANALS AND WATERCOURSES IN VICINITY OF BASRA, IRAQ
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TABLE 3
MAXIMUM AND MINIMUM WATER LEVELS OF THE SHATT

AL ARAB RIVER AT MARGIL,a BASRA, 1953-57

Year Month Maximum Minimum DifferenceYearMonth (feet) b (feet) b (feet) b

1953 June 10.3
January 0.5 9.8

1954 June 11.9
November 1.2 10.7

1955 June 8.8
November 0.4 8.4

1956 June 9.5
November -0.9 10.4

1957 June 10.6
December 0.5 10.1

Average 10.22 0.34 9.88

a In relation to mean sea level at Fao.
b 1 foot = 30.48 cm.

among seasons and years. This flow variation is
combined with the effect of the tides of the Persian
Gulf, which noticeably influence the water level in

TABLE 4
MONTHLY MAXIMUM AND MINIMUM WATER LEVELS
OF THE SHATT AL ARAB RIVER AT MARGIL, BASRA, 1957

Month maximum Minimum Difference(feet) a (feet) a (feet) a

January 7.9 0.5 7.4

February 7.9 0.5 7.4

March 8.0 1.4 6.6

April 9.9 5.1 4.8

May 10.4 8.1 2.3

June 10.6 8.7 1.9

July 10.3 6.7 3.6

August 8.8 4.1 4.7

September 7.5 1.9 5.6

October 7.2 0.8 6.4

November 7.5 1.3 6.2

December 8.2 0.5 7.7

Average 8.68 3.30 5.38

a1 foot 30.48 cm.

the river beyond the port of Basra. A combination
of all these phenomena causes the very irregular
regimen of the river. Thus its water level is con-
tinuously changing and its flow varies from hour
to hour, and day by day. Tables 3 and 4 (from
the Hydrological Sections of the Port of Basra)

TABLE 5
TIDAL EFFECT IN WATER LEVELS OF THE SHATT
AL ARAB RIVER AT MARGIL, BASRA, 6 JUNE 1958

Level Difference Percentage Part ofHour (feet) a from mean maximum tidal cycle
____ ___ ~~~(feet) a difference tiacyl

0

2

3

4

5

5.50

6

7

8

9

10

10.40

11

12

13

14

15

15.50

16

17

18

18.33
19

20

21

22

22.10

23

24

6.60

6.35

6.25

6.20

6.30

6.50

7.10

7.30

7.80

8.00

7.95

7.65

7.37

7.20

7.03

6.80
6.75

7.00
7.87

7.95

8.70

8.95

9.00

8.95

8.55

8.10

7.65

7.60

7.25

6.90

-0.83

-1.08

-1.18

-1.23

-1.13

-0.93

-0.33

-0.13

0.37

0.57

0.52

0.22

-0.05
-0.23

-0.43

-0.63

-0.68

-0.43

0.44

0.52

1.27

1.52

1.57

1.52

1.12

0.67

0.22

0.17

-0.18

-0.53

-29.6

-38.6
-42.1

-43.9
-40.4

-33.2

-11.8

- 4.6

13.2

20.4

18.6

7.9

2.1

- 8.2

-15.4

-22.5

-24.3

15.4

15.7

18.6

45.4

54.3

56.1

54.3

40.0

23.9

7.9

6.1

- 6.4

-18.9

Trough

Half flood

Crest

Half ebb

Trough

Half flood

Crest

Half ebb

Mean= 7.43. Maximum = 9.00. Minimum = 6.20. Differ-
ence = 2.80 (considered as 100 %).

a I foot= 30.48 cm.
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give an idea of the magnitude. The zero of the
Margil gauge is 3.96 feet below the mean sea level
at Fao.
From comparison of the graphs of the recording

gauge for consecutive days, it was observed that the
hourly variation of water level in the Shatt al Arab
River followed a uniform pattern, and varied with
respect to the absolute maximum and minimum
levels. Regarding relative values, the rate of varia-
tion remained constant, i.e., the recorded curves
were of the same shape and almost parallel. The
duration of the cycle was about 25 hours. The curve
for 6 June 1958 (the latest available at that time) was
taken as a model of the hourly variation due to the
tidal action for the subsequent days. Differences of
water level with respect to the mean daily level were

computed and percentages of the maximum daily
difference were calculated (Table 5).
The tidal cycle presents two different crests

(20.4% and 56.1 % respectively of the maximum
difference) and two different troughs (-43.9% and
-24.3% maximum difference). The water in the
canals fed by the Shatt al Arab flows from the river
into the canals during the two flood periods (increase
in water level) of the tidal wave, from a trough to the
following crest. The water flows back from the
canals out to the river during the two ebb periods
(decrease in water level) of the tidal wave, from a

crest to the following trough. Thus in about 25
hours the water flow in the canals is reversed four
times. At the crests and troughs of the wave the
water in the canals becomes motionless and remains

TABLE 6

WATER LEVEL AND SURFACE WATER VELOCITY
MEASUREMENTS AT CENTRE LINE OF

MUHEJRAN CANAL

TABLE 7

VARIATION OF THE WATER SURFACE VELOCITY
THROUGHOUT THE TIDAL CYCLE, BASED ON

MEASUREMENTS TAKEN AT THE MUHEJRAN CANAL

Difference Surface
Tidal wave of level from water velocity

Hour trough or crest at centre

Period Point feet cm cm/sec.| %

First
flood

First
ebb

Second
flood

Hour Water level Water velocity
(a.m.) cm % cm/sec. %

8.00

8.30

9.00

9.30

10.00

10.30

11.00

0

9

18

34 b

48 b

60

70

0

15

30

57

80

100

116

0

3

8

19

22

24

23

a Trough.
b Second period of tidal wave.
c Half-flood.

oa
13

33

79

92

100C

93

Second
ebb

Trough

Half flood

Crest

Half ebb

Trough

Crest

Half-ebb

Trough

3

4

5

5.50

6

7

8

9

10

10.40

11

12

13

14

15

15.50

16

17

18

18.30

19

20

21

22

22.10

23

24

2

3

4

0

0.10

0.30

0.90

0.70

0.20

0

0.05

0.35

0.62

0.45

0.25

0.05

0

0.25

1.12

1.05

0.30

0.05

0

0.05

0.45

0.90

1.35

1.40

1.00

0.70

0.40

0.15

0.05

0

0

3.0

9.1

26.5

21.4

6.1

0

1.5

10.7

19.5

13.7

7.8

1.5

0

7.8

34.0

32.0

9.1

1.5

0

1.5

13.7

26.5

41.0

42.8

30.5

21.4

12.2

4.6

1.5

0

0

0.6

3.0

14.0

10.3

1.7

0

0.2

3.9

8.9

5.4

2.4

0.2

0

2.4

19.0

17.9

3.0

0.2

0

0.2

5.4

14.0

21.3

21.5

16.9

10.3

4.6

1.1

0.2

0

0

3

14

65

48

8

0

18

41

25

11

I
0

11

87

83

14

1
0

25

65

99

100

79

48

21

5
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so for a short time before and after reaching these
points. The water begins to move faster after the
wave has passed the crest or trough, reaching its
maximum at about half-ebb or half-flood. There-
after it slows down towards the following trough or
crest, finally having no movement.

In order to establish the relationship between the
variations of water level and water velocity, measure-
ments were taken in the Muhejran Canal located in
the central portion of the system of canals (Table 6).
At 8.00 a.m. the centre-line surface water velocity

was zero, and was considered as the base-line for
additional water level measurements. Recording the
water levels and velocities for every subsequent
half-hour revealed a maximum surface velocity in
2 1/2 hours, which coincided with the tidal period
(Table 5). Following this, the water velocity began
to decrease while the water level continued to
rise. Comparing percentage increases in water
velocity and water levels, there was a change in
water level with a change in water surface velocity.
The change in water level of the Muhejran
Canal followed the cyclic change in the Shatt al
Arab River.

A curve was plotted on a co-ordinate system
having as abscissae water velocities and as ordinates
water levels (not shown in this report). From this
curve water velocities were determined for hourly
variations of water level measured from the nearest
crest or trough (Table 7). Relative water velocities
were then determined as percentages of the maximum
water velocity and a graph was drawn showing the
variation of water levels and water velocities through-
out the tidal cycle (Fig. 2).
Taking into consideration the hour at which

measurements were recorded in each canal, the time
at which the highest level occurred at each day of
measurements, and the time correction for the
distance of each canal from the Margil (Basra)
gauge, the point on the tidal wave and on the graph
of relative variation of velocity was fixed for each of
the canals. Percentages of the maximum water
velocity were measured from the graph for each
canal at the time measurements and actual maximum
velocities were calculated (Table 8).

It has been observed that in the Tarmiyah district
of central Iraq Bulinus truncatus snails breed in
canals having a surface water velocity of 30 cm/sec.

FIG. 2
RELATIONSHIP BETWEEN RELATIVE WATER LEVELS AND WATER VELOCITY IN CANALS DERIVED

FROM THE SHATT AL ARAB RIVER, BASRA, IRAQ
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TABLE 8

MAXIMUM WATER VELOCITIES IN THE IRRIGATION
CANALS OF BASRA AND VICINITY

Water velocity
at time of Maximum

measurement water
Period of Name velocity or.
tidal wave of canal Per- centre line

Actual centage at water
(cm/sec.) from surface

graph

First ebb Abu Mugheir 5.0 15 30

Khous 0 2 a

Bab Suleiman 0 0 a

Second flood Hamdan 34.0 71 48

Khora 22.5 81 28

Badia 21.5 86 25

Seraji 29.5 85 35

Hamza 17.0 79 22

Muhejran 18.5 71 26

Khandak 17.0 64 27

Sibeliat 22.5 54 42

Second ebb Ashar 0 2 a

a Could not be determined because water velocity was zero
at time of measurement.

In three of the nine canals in which maximum
velocities were determined, the water velocity dur-
ing certain periods of the day was faster than the
known tolerable velocity. Based on the graph of the
variation of water velocity, periods of the tidal
cycle were calculated in which snails in the canals
are exposed to greater velocities than in Tarmiyah
(Table 9).

Since in two out of every three canals studied the
water velocity was less than the tolerance limit, it
was concluded that velocity is unlikely to be a

limiting factor in the breeding of Bulinus snails. In
the canals of greater velocity, it does not seem pro-
bable that such short periods would be an important
factor in the development of snail colonies. It is
more likely that the continuous change of water
velocity and the periodic to-and-fro flow cause
disturbances which prevent snail colonization.

Water salinity. Salinity information, based on
electrical conductivity of water at various points in
the Shatt al Arab River, indicates that the salt
content of the river water fluctuates considerably
according to the seasons of the year. It reaches a
maximum at the end of November (about 1.5 of
the yearly mean) and a minimum at the beginning of
June (0.6 of the yearly mean). A daily variation of
the water salinity was recorded, the highest value
being at the time of the minimum water level in the
river, and the lowest value corresponding to the
time of maximum water level. This daily fluctuation
of salinity was more noticeable upstream beyond
the port of Basra than in the lower reach south of
the city. At the discharging point of the Garmat
Ali Canal (10 km upstream from Basra) the variation
was about ± 18% of the daily mean, whereas at the
height of Abu el Ghasub village (19 km downstream
from Basra) the variation was about +5 % of the
daily mean.
These facts indicate that the salts present in the

river water in the vicinity of Basra may come from
the saline water of Lake Hammar and not from sea
water at periods of high tide. This view was sup-
ported by measurements of salinity in the Garmat
Ali Canal (outlet of Lake Hammar), which showed
the salt content at 1700 p.p.m. at a point 7 km up-
stream of the confluence with the Shatt al Arab
River; simultaneously, at the discharging point it
was only 1200 p.p.m.
The salinity of the Shatt al Arab water remains

almost constant in the vicinity of Basra (Table 10).

TABLE 9
PERIOD WHEN SURFACE WATER VELOCITY IS GREATER THAN 30 cm/sec.

First flood First ebb Second floodl Second ebb Total PercentageCanal (minutes) (minutes) (minutes) (minutes) minutes of tidal cycle

0

0

0

69

12

54

165 244 16.2

78 90 6.0

142 196 13.0

Hamdan

Seraji

Sibeliat

10

0

0
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TABLE 10
AVERAGE SALT CONTENT AT THREE POINTS OF THE

SHATT AL ARAB RIVER a

Location Distance p.p.m.

Garmat Ali
confluence 10 km upstream 893

Khora Canal southern boundary 875

Abu el Ghasib Canal 19 km downstream 845

a Based on six monthly measurements made in September
and November 1957.

Water analysis of five samples from the Shatt al
Arab River at Margil in February 1958 gave an
average salt content of 697 p.p.m. The average com-
position of the salt was CaCO3, 25.2%; CaSO4,
19.1%; MgSO4, 14%; MgC12, 12.3%; NaCl,
23.5%; and others, 5.9%.
From the data presented, it was concluded that

the salinity of the Shatt al Arab River is not of a
degree to prevent the breeding and development of
Bulinus truncatus, since it is generally agreed that
bulinid snails survive in waters having up to 3000
p.p.m. of total salts (WHO Study Group on the

Ecology of Intermediate Snail Hosts of Bilharziasis,
1957).

Water turbidity. The turbidity of the water in the
Shatt al Arab River is also affected by seasonal
variations. During 1957 the maximum turbidity
was registered in January (74 p.p.m.) and the mi-
nimum during August (19 p.p.m.). The annual
mean turbidity was 41 p.p.m. The monthly variation
in water turbidity was more marked during the
extreme months, e.g., ±32% of the mean for August
and ± 38% of the mean for January. The average
monthly variation of turbidity was ±24% of the
monthly mean.
The maximum turbidity measured from the system

of canals (Table 11) was from the Khandak and
Hamdan Canals (35 p.p.m.), and the minimum
from the Khous and Bad Suleiman (Abu el Ghasib)
Canals (<10 p.p.m.).

Since the maximum value recorded from the Shatt
al Arab River in 1957 and those taken from this
study are far below the accepted tolerance limit of
bulinid snails, it was concluded that turbidity does
not seem to be a limiting factor of snail colonization.
pH of the water. The pH values of the waters of

all the canals were slightly on the alkaline side and

TABLE 11
GENERAL CHARACTERISTICS OF THE CANALS IN THE VICINITY OF BASRA

Distance Dimensions a Maximum
Name from water Turbidity pHof canal Khandak Width Depth velocity (P.pmp.)

(km) (m) (m) (cm/sec.)

Khandak 0 19.80 1.60 27 35 7.5

Ashar 0.7 20.15 2.20 b 19 7.5

Khora 2.4 30.40 2.80 28 28 7.3

Seraji 4.1 21.10 2.90 35 22 7.4

MuherJan 7.4 23.50 3.20 26 18 7.2

Hamdan 9.4 34.00 3.50 48 35 7.2

Badia 11.2 7.00 1.65 25 22 7.2

Hamza 12.2 19.20 1.85 22 24 7.2

Sebeliat 14.7 19.70 2.30 42 28 7.1

Abu Mugheir 15.0 28.60 3.70 30 19 7.2

Khous 16.2 11.00 1.05 b 10 7.4
Abu el
Ghasib 18.8 6.90 0.90 b 10 7.3

a Canal dimensions correspond to the time of water velocity measurements.
b Could not be determined because water velocity was zero at time of measurement.
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well within the tolerance limits for Bulinus trunca-
tus. The maximum was in the Khandak and Ashar
(7.5), and the minimum in the Sibeliat (7.1).

DISCUSSION

The results of the present study demonstrate that
southwards from the Seraji Canal the transmission
of urinary bilharziasis in the human population does
not occur, and that the demarcation line of the
disease is abrupt-a distance of not more than
2 km. One could then legitimately expect Bulinus
truncatus colonization in the canals of the area of
human infection, and the absence of this snail
intermediate host in the area south of the demarca-
tion line. One could further expect, with respect
to the snails, single or multiple limiting factors of the
physical, chemical, or biological environment in the
non-endemic area. But it is a surprising fact that
despite extensive searching (particularly in the
Khandak and Ashar Canals) no populations of
Bulinus were found in any of the endemic or non-
endemic canals during June and October 1958.
The literature reveals that Bulinus has not always

been found in the Basra area. Hall (1925), Azim
& Gismann (1956), and members of the Iraqi Health
Services have reported B. truncatus from the Ashar
and Khandak Canals of Basra, even during the
month of December. Watson (1951) apparently
found no difficulty in finding Bulinus in Basra during
several months of the year. In an investigation of an
outbreak of urinary bilharziasis of personnel of an
Indian General Hospital in Basra, Boulenger (1919)
failed to find any living bulinid snails. HelmyI failed
to demonstrate Bulinus from Basra in the winter
months. Mills, MacHattie & Chadwick (1936) on
three different occasions during the summer months
could not demonstrate Bulinus from Basra. Watson
(1950, 1952) and A. Najim (personal communication
-1958) have reported that in the marshes ofsouthern
Iraq Bulinus is rarely found, even though urinary
human bilharziasis is abundant.
When the unexpected and unusual fact that

bulinid snails could not be found in Basra in June
and October of 1958 was discussed with field workers
of the Endemic Diseases Institute, they indicated
that few intermediate snail hosts had been seen
since 1951. Nevertheless, from this study and from

1 Helmy, M. (1952) Report on bilharziasis survey in
Syria, Iraq, Iran, December 1951 and January 1952 (unpub-
lished WHO working document EM/Bil./3).

other reports, it is obvious that transmission has
been going on.

Therefore, the fact is that Bulinus truncatus in
southern Iraq and particularly in Basra can be
demonstrated with difficulty, if at all. This raises
the question how this is related to the geographical
prevalence of the disease and to its actual trans-
mission. There are some considerations to be
taken into account.

Seasonal spot localization of snails

It has been observed that in the earth canals of
central Iraq the linear distribution of bulinid snails
changes at different months of the year, the snails
appearing at widely separated localities or almost
continuously in the canals. If this kind of situation
also cccurs in Basra, then this could be a factor in the
difficulty of demonstrating snails. However, since
extensive searching was made of the Ashar and
Khandak Canals it was felt that it was unlikely
that the snails were overlooked. Should future
investigations reveal that snail colonization occurs
in only a few areas of the canals, then it would
follow that cercariae must travel unusual distances
with the water flow.

Long-term population fluctuations
It is indicated that in Basra Bulinus truncatus may

be reduced to such small densities as to be detected
with difficulty or to be totally absent for long
periods of time. This may account for the inconsis-
tent reports in the literature regarding the presence
or absence of the snails at similar months of different
years. A. Mofidi (personal communication -1958)
has noted that at the bilharziasis focus at Khoramm-
shar on the Iranian side of the Shatt al Arab Bulinus
could not be found in the period 1956-58. If similar
dynamics are in action in Basra, then the factors
involved in permitting a periodic increase in snail
densities or the reinfestation of canals are completely
unknown.

Scarcity or absence of snails due to canal treatment
The Endemic Diseases Institute has made applica-

tion of copper sulfate (50 kg per 100 m of shoreline)
to the Ashar and Khandak Canals on a routine basis
for the past several years. It is unlikely that this has
been a factor in the absence of snail hosts both
because of the treatment regimen and also because of
the fact that during the present study not even a
single empty Bulinus shell was found. It is also
difficult to imagine that mollusciding operations
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would control only Bulinus snails, and that popula-
tions of Gyraulus, Bythinia, Viviparus, Lymnaea,
Melanoides, and Melanopsis would be refractive
to treatment. Whether or not bulinid snails have
been present in Basra during the past several years,
the results of the urine examinations of this study
lead to the conclusion that bilharziasis transmission
has been going on nevertheless.

Snail hosts other than Bulinus

The distribution of the snail genera Gyraulus and
Bythinia corresponds roughly to the area of human
endemicity of biharziasis in Basra. Although it may
be considered heretical with respect to host speci-
ficity, it is tempting to suggest their possible role in
the transmission of the disease. In this connexion,
it is interesting to note the report of Gadgil & Shah

(1956) that ancylid snails can act as intermediate
host for Schistosoma haematobium in India.

Limiting environmental factors

It was concluded from this study that hydrogen-
ion activity, water velocity, salinity, and turbidity
show no significant differences between the endemic
and non-endemic areas of Basra. It may well be that
the continuous change in water flow may be a factor
in the limitation of the establishment of Bulinus
colonies. However, if this is true, then it is difficult
to explain why it would operative only south of the
demarcation line of the disease. Furthermore, the
presence of seven other genera of snails in the same
environment implies that the known intermediate
host for urinary bilharziasis is&-less resistant to water
disturbance.
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RESUME

It est connu depuis longtemps que la bilharziose vesi-
cale sevit en Irak dans la zone d'Ashar et de Khandak
voisines de Bassora, mais qu'au sud de cette region,
on ne la rencontre plus guere ou plus du tout. Pour
elucider les causes de cette difference, les auteurs ont
etudie la faune des mollusques, le regime des eaux et
les facteurs du milieu dans les zones endemiques et non
end6miques.
En juin et octobre 1958, ils n'ont trouve aucun Bulinus

truncatus, vecteur connu de la bilharziose, dans les canaux
bordant les zones end6miques et non endemiques. Ils
constaterent une extreme variabilite de la circulation des
eaux dans les canaux. Le d6bit de l'eau depend du niveau
de l'eau dans la riviere Chatt el-Arab, soumise au reflux
des mar6es du Golfe persique. La circulation se fait a une
vitesse qui varie d'une minute a l'autre; elle change de
direction quatre fois durant le cycle de la mar&
(25 heures). II se peut que cette instabilite de l'eau limite
la colonisation des bulins.

La salinite de l'eau du Chatt el-Arab subit des fluctua-
tions saisonnieres. La concentration en sels plus elev6e de
l'eau en amont de Bassora que dans le voisinage immndiat
de la vile, suggere que cette salinite provient du Lac
Hammar et non pas du Golfe persique. Elle est bien inf-
rieure aL la limite de tol6rance des bulins. Aucun des
caracteres physiques et chimiques du milieu exaznin6
n'accuse de difference significative dans les zones ende-
miques d'une part et non endemiques d'autre part.
B. truncatus peut manquer completement dans toute la
zone de Bassora pendant plusieurs annees. On trouve
cependant sept autres genres de mollusques, probable-
ment plus resistants aux changements du milieu que ne le
sont les bulins. On ne peut que hasarder l'hypothee
(contraire a l'idee admise de la specificite des vecteurs)
d'un role 6ventuel des autres mollusques dans la trans-
mission. Les diffrences de frequence de la bilharziose
vesicale dans les regions mentionnees restent pour le
moment inexpliquees.

477



478 H. H. NAJARIAN AND OTHERS

REFERENCES

Azim, M. & Gismann, A. (1956) Bull. Wld Hlth Org.,
14, 403

Boulenger, C. L. (1919) Indian J. med. Res., 7, 8
Gadgil, R.K. & Shah, S. N. (1955) Indian J. med. Sci.,

10, 586
Hall, A. H. (1925) J. roy. Army med. Cps, 44, 1, 92
Mills, E. A., MacHattie, C. & Chadwick, C. R. (1936)

Trans. roy. Soc. trop. Med. Hyg., 30, 317
Sturrock, P. (1899) Brit. med. J., 2, 1543

Watson, J. M. (1950) J. roy. Fac. Med. Iraq, 14, 108
Watson, J. M. (1951) J. roy. Fac. Med. Iraq, 15, 33
Watson, J. M. (1952) Lebanese med. J. 5, 13
Watson, J. M. (1953) J. med. Prof. Ass. Baghdad, 1, 2
Watson, J. M. (1958) Bull. Wld Hlth Org., 18, 833
World Health Organization, Study Group on the Ecology

of Intermediate Snail Hosts of Bilharziasis (1957)
Wld. Hlth Org. techn. Rep. Ser., 120, 12


