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SYNOPSIS

The author describes a pilot study in vector snail control carried
out in 1953-54 by the Bilharziasis Control Project in Qalyub, Egypt.

After giving a brief description of the site chosen-for the Project-
ala area of some 5000 acres (2000 hectares) under perennial irriga-
tion-he presents a detailed account of the various snail surveys
of the irrigation canals and drains and of the molluscicidal treat-
ment of infested channels.

He points out that despite the thoroughness of the surveying
and treatment the snails were not completely eliminated from the
area and stresses that the high cost of the molluscicide used (copper
sulfate) would prohibit its widespread and continual use. He
considers, however, that pending the perfection of such long-term
bilharziasis control measures as improved sanitation, better treat-
ment facilities, and health education of the public, snail control is
of the first importance and determined efforts should be made to
find more efficient and cheaper methods of effecting it.

The late Dr M. Abdel Azim, Dr Claude Barlow and others have stressed
that although the development of a vast irrigation network has accounted
for the prosperity of Egypt, the incidence of bilharziasis has greatly
increased with the use of the perennial system of irrigation. The rate of
infection with Schistosoma haematobium has been shown to range from 6%
in the regions of the Upper Nile above Cairo to 60% on the Delta, where
perennial irrigation is practised (Scott; I Abdel Azim 2). The information
presented in this paper bears mainly on the results achieved in the snail-
control programme of the Bilharziasis Control Project in Qalyub, Egypt.
However, in the course of the work some interesting and basic information
on the prevalence of the disease among humans was obtained. It should be
emphasized here that the significance of the snail-control work can only be
properly appreciated if it is realized how very prevalent bilharziasis is among
the people in the Project area.

I Scott, J. A. (1937) Amer. J. Hyg., 26, 566
' Abdel Azim, M. (1948) Problems in the control ofschistosomiasis in Egypt. In: Proceedings of the Fourth

International Congresses on Tropical Medicine and Malaria, 1948, Washington, D.C., p. 1013
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Site and Organization of Project

The site chosen for the Project was a triangular area situated within the
region selected for the larger Qalyub Demonstration and Training Pro-
gramme-a joint project of the Egyptian Government and the World Health
Organization. The tract, which has a maximum width of 6.5 km and a
maximum length of 9 km, covers about 5000 acres (2000 hectares) and is
situated just east of the Delta Barrage (at El Qanater el Khairiya) in the
south-western part of Qalyubiya Province. It includes six villages (El
Qanater el Khairiya, Shalaqan, Kafr el Hareth, Baradaa, Sanafir and
Hallaba) and some thirty " ezbas " (farms), with a total population (estim-
ated by a house-to-house survey) of approximately 32 000.

The land lies about 15 metres above sea level, sloping towards the north-
east, and is under perennial irrigation. The main channels originate outside
the area and continue north after traversing it. The Zaitum Canal serves
as one of the main distributaries; other important canals are the Sanafir,
the Bassusiya with its " gannabiya " (parallel canal) and the Sahil. There
is no direct access of drainage to the Nile, most of the region being drained
by the Sindibis Drain. The total length of canals and drains is about
450 km.

The bilharziasis control programme was organized jointly with the
Egyptian Government, which through its Ministry of Public Health provided
facilities and personnel for the various specialized tasks. The four phases
of the programme-snail control, treatment of infected persons, sanitation
and health education-were handled, respectively, by the Bilharziasis
Control Section (formerly Bilharzia Snail Control Section) 1 of the Endemic
Diseases Department; the Bilharzia and Ankylostoma Treatment Section
of the Endemic Diseases Department; the Sanitary Engineering Section of
the Rural Health Department; and the Health Propaganda Section of the
Department of Social Hygiene. Particularly close contact was maintained
with the first two sections, since the office of the Project shared the staff
and the premises of the Bilharzia Snail Control Section at Cairo, while the
field laboratory was housed at the Qalyub Bilharzia and Ankylostoma
Hospital.

Prevalence of Bilharziasis in Project Area

After the population census had been carried out, five field units were
set up, at each of the main village centres, for the purpose of examining the
people. Fifty inhabitants were bidden to report to each unit per day, so
that there was a daily total of about 250 examinations. The methods of

1 To avoid confusion with the Bilharziasis Control Project, the old name will be used throughout this
paper,
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examination adopted were those commonly used in Egypt for the routine
diagnosis of the disease. With the exception of Baradaa, which was found
to have an infection rate of 75 %, the villages and farms showed an infection
rate of about 50%, as measured by the simple sedimentation technique.
That the actual prevalence was even higher, however, was clearly revealed
when some 20% of the people, who had previously been found to be nega-
tive, were shown to be positive on re-examination. In fact, the survey of
this tract could be said to show that bilharziasis was so prevalent as to
warrant declaring the disease to be of disastrous proportions and establish-
ing an all-out campaign against it. The predominant parasite was S. haema-
tobium, though some 200 cases of S. mansoni infection were observed in
the northern corner of the area, around Baradaa.

History of Snail Control in Project Area

The Project area lies in a region first surveyed by the Bilharzia Snail
Control Section in 1947, when the irrigation channels were mapped and
measured. The lengths of the various channels are:

Main canals ...... . 25 km
Main drains ...... . 269 km
Branch canals ..... . 12 km
Branch drains ..... . 145 km

Total . . . . . 451 km

For the purposes of snail control, the area has had its present boundaries
since 1948.1 From 1948, snail surveys were carried out annually in spring
in about 1500 channels totalling roughly 300 km (650 canals and 790 drains,
measuring 130 km and 170 km respectively). The results of some of the
early surveys are given in Table I.

Channels found infested 2 with snails in the spring surveys, as well as
those observed in check surveys at other times of the year to contain vectors,
were treated with copper sulfate. The available data on the treatment are
summarized in Table II.

Some of the main canals were treated two or three times: the Zaitum,
the Sanafir and the Bahada in 1948, 1950 and 1951, the Gannabiyet el
Bassusiya in 1948 and 1950. Neither the Bassusiya nor the Sahil was treated
in 1950 or 1951, and no canals or drains were treated in 1952, in order to
leave the area undisturbed for the Project.

1 It should be noted that Iskandar Drain, which forms the eastern boundary of the area, belongs to one
of the adjoining areas of the Bilharzia Snail Control Section, but is included in the Project area.

2In this paper the term " infested " will be used to denote the presence of snails in channels and the term
"infected " to denote that the snail is carrying the schistosome parasite.
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Work of the Project

The field programme was initiated in late 1952, just before the winter
closure of the canals in December. At that period there was neither suffi-
cient time nor the necessary facilities for a thorough snail survey of the
whole area. However, it was possible to make some limited observations.
A preliminary survey of the canals and drains in the immediate vicinity of
the six villages revealed a few infected snails of the genus Bulinus: one
specimen infected with S. haematobium was found at Sanafir and three
others near Baradaa (south edge of the village, near a school in the village,
and east of the village near a drain).

During the winter closure both vector snails (Bulinus and Biomphalaria)
were observed in aestivation on the dried beds of the canals. It should be
emphasized that previous reports indicating that these snails do not actively
burrow into the substratum appear to be correct. The clearance operations
of the Irrigation Department to maintain the cross-section of channels, as
carried out by the fellaheen with a " fass " (hoe) and their hands, are very
ineffective from the point of view of eliminating the snails in aestivation.
Many undisturbed portions of canals retain aestivating snails, which serve
to restock the waters soon after the winter closure. If clearance could be
carried out with a mechanical tool, specially designed to remove completely
at least one inch from the bottom and sides of the channels, the chances of
eliminating most of the vector snails would be excellent. In this connexion
it was recommended that such a method be tried out in a small area of the
larger region covered by the Qalyub Demonstration and Training Pro-
gramme, so that the results could be readily assessed.

First systematic snail survey
With the return of water to the canals on 8 February 1953, a systematic

survey of the vector snail population was begun; this survey was continued
until mid-July. The larger canals and drains were examined by means
of palm-leaf traps placed below the water level to attract feeding snails.
All the smaller distributaries and field drains were examined by taking
dips with the special survey nets developed by the Bilharzia Snail Control
Section. All the day-to-day collections were recorded, so that it was
possible to get a complete record of all channels in the area that were
negative as well as of those that were positive. The results of this survey
are given in Table III.

The vectors collected on any one day were isolated and placed in water
in small, clearly marked glass jars, to permit normal shedding of cercariae
to take place. These jars were examined by hand lens the following morning,
usually after having been exposed to the morning sun for half an hour.
The snails from the jars containing schistosome cercariae were then isolated,
so that the number of cercariae-shedding snails could be established.
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TABLE I. SPRING SURVEYS FOR VECTOR SNAILS IN CHANNELS
OF PROJECT AREA: 1948-50

Type Channels found infested Number of snails collected
Year of channel

number |length (km) Bulinus Biomphalaria

1948 Canals 267 129 1 002 41

Drains 138 73 841 10

Total. . 405 (28 %)* 202 (50%) 1 843 51

1949 Canals 116 45 586 42

Drains 50 28 234 0

Total 166(12%) 73 (19%) 820 42

1950 Canals 173 80 474 5

Drains 130 60 407 12

Total . . . 303 (21 %) |140 (36 %) | 881 [ 17

The figures in parentheses represent the percentage of surveyed channels found infested.

All the other snails were crushed and examined for immature stages of
the parasite. Fifteen men were engaged daily in the work of collecting
and examining the snail vectors (12 in the field and 3 in the laboratory).
The numbers of infected and uninfected snails are shown in Table IV.

The distribution of the two vector snails in the Project area is of special
interest.' Bulinus snails were widespread throughout the whole area and,
as mentioned earlier, S. haematobium was the dominant parasite among

TABLE II. SULFATION OF INFESTED CHANNELS IN PROJECT AREA: 1948-51

Y
Type of channel

{
Channels treated [Amount of CuS04Year (main and branch) used (tons)

number length (km)

1948 Canals _ 120

1949 - - -

Canals 342 166 12
1950

Drains 33 17.5 0.5

1951 - 138 100 13

5 For the information of interested persons, detailed maps, showing the distribution of infected and
uninfected Bulinus and Biomphalaria in the Project area at various stages in the control programme, can be
obtained from WHO on request.
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TABLE 1II. SNAIL SURVEY IN CHANNELS OF PROJECT AREA: *
8 FEBRUARY TO 8 JULY 1953

Canals Drains Grand

main branch total Imain branch total

* Including certain adjoining tracts technically outside the boundaries of the Project area, but
connected with the villages of the area, as, for example, are various tributaries in Munira near
Baradaa and Iskandar Drain in the Qalama area.

the inhabitants. The vectors of S. mansoni-Planorbis (or Biomphalaria
as the genus has more recently been named)-were practically restricted
to the northern part of this triangular area, from the region of Baradaa
eastwards. They were found farther south only along the Iskandar Drain,
which forms the eastern boundary of the area. As a consequence, most
S. mansoni cases were found in Baradaa. The region occupied by
Biomphalaria was an area of terminal canals and drains towards which
the contours of the topographical map showed a definite decrease in
altitude. It is also of interest to note that in the northern part of the area,

i.e., the region to which Biomphalaria was restricted, water hyacinth
(Eichornia) was also abundant, whereas it did not occur elsewhere in
the area.

Soon after the winter closure relatively few snails were found. Later,
there was a gradual build-up of the colonies, reaching a peak in May
and June. It is significant that although thousands of snails from a wide
area were collected and examined, both macroscopically and micro-
scopically, during March, April and the early part of May, not a single
infected vector was found till the middle of May. As a result, the western
and northern parts of the area, which were among those examined early
in the year, showed little infection. The data clearly indicate the gap in

Number surveyed 6 747 753 5 662 667 1 420

Number infested 6 337 343 5 128 133 476

Percentage infested 100 45 46 - 100 19 20 34

Length surveyed (km) 27 223 250 27 141 168 418

Length infested (km) 27 152 179 27 59 86 265

Percentage of length infested 100 68 71 100 42 51 63

Number infested with Bulinus 6 331 337 5 127 132 469

Length infested with Bulinus 27 151 178 27 58 85 263

Number of Bulinus collected 9 758 8 650 18 408 3 521 2 173 5 694 24 102

Number infested with Biomphalaria 1 50 51 2 7 9 60

Length infested with Biomphalaria 12 27 39 18 4 22 61

Number of Biomphalaria collected 10 2 004 2 014 353 257 610 2 624
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infectivity between the time of the winter closure and the appearance
of the first cercariae-shedding vectors.

It is quite apparent that infection among the snails was building up
and that it took about two to three months for cercariae-shedding snails
to appear in the canals and drains of the area. Various negative channels,
when resurveyed later, were found to be positive. This fact is of considerable
importance, because it reveals that with the winter closure bilharziasis
vector snails perish in appreciable numbers, so that infection among the
vectors has to be built up anew and hence there is this time-lag before
cercariae are shed in nature. It also shows that pollution with human
excrement again occurred after the winter closure.

It is of interest to note that the rate of infection among the vector snails
is very low. This observation is not new, but verifies a fact established
over many years and for the entire infective season by workers in Egypt,
in the Sudan and in other regions. There is a striking lack of correlation
between the high infection rates (up to 75 % S. haematobium in Baradaa)
among the humans in the area and the low rates (usually below 1%)
among the vectors.

First molluscicide applications

The snail survey, which attempted a complete coverage of the area,
was terminated in the early part of July 1953, owing to the imminence
of the Nile flood in late August. It was necessary to start a sulfation
programme immediately, in order to be able to treat the whole area before
the flood. It is known that an excess amount of silt, such as is present
in the channels during flood time, greatly reduces the molluscicidal effect
of copper sulfate. Also, the great increase in the volume of water to be
treated would make a sulfation programme during the Nile flood both
difficult and very expensive. Consequently, most of the main canals were
treated from 11 to 19 July. The quantity of molluscicide used was estimated
to allow a minimum exposure of 30 parts per million (p.p.m.) for the
snails throughout the irrigation system. The sulfation programme ended
with the treatment of drains about the middle of August. Most of the
molluscicidal work was done well in advance of the flood period, when
there was little silt in the waters. About 17 metric tons of copper sulfate
were used in all, the cost of which, at US $325 per ton, amounted to
US $5525. Table V summarizes the data on the number of canals and
drains treated.

Some branch channels were cleared of vegetation before sulfation.
Copper sulfate was applied, from downstream up, to the whole volume
of running water, except in the large Bassusiya Canal, where marginal
sulfation only was applied. The Qalyub Inspectorate of the Bilharzia
Snail Control Section arranged to treat the upstream portions of the main
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TABLE IV. EXAMINATION OF SNAILS FOR SCHISTOSOME INFECTION:
8 FEBRUARY TO 8 JULY 1953

A. BULINUS

February March April May June July Total

Canals

Net survey (branches)

Number of samples examined 12 23 67 98 187 46 433
Number of samples infected 0 0 0 8 21 12 41
Percentage infected 0 0 0 8.1 11 26 9.4

Number of snails examined 315 384 1 094 4 221 4 595 1 651 12 260
Number of snails infected 0 0 0 8 57 25 90
Percentage infected 0 0 0 0.2 1.2 1.5 0.7

Trap survey (mains)

Number of samples examined - - 524 952 371 86 1 933
Number of samples infected - _ 0 3 13 0 16
Percentage infected - _ 0 0.3 3.5 0 0.8

Number of snails examined - - 2 677 4 916 6 570 543 14 706
Number of snails infected - _ 0 3 24 0 27
Percentage infected - _ 0 0.1 0.3 0 0.1

Drains

Net survey**

Number of samples examined - 2 16 143 106 22 289
Number of samples infected - 0 0 6 8 1 15
Percentage infected - 0 0 4.2 7.5 4.5 5.2

Number of snails examined - 58 377 3 997 2 151 351 6 934
Number of snails infected - 0 0 8 9 1 18
Percentage infected - 0 0 0.2 0.2 0.2 0.2

Canals + Drains

Net and trap survey

Number of samples examined 12 25 607 1 193 664 154 2655
Number of samples infected 0 0 0 17 42 13 72
Percentage infected 0 0 0 1.2 6.3 8.4 2.7

Number of snails examined 315 442 4148 13134 13 316 2 545 33 900
Number of snails infected 0 0 0 19 90 26 135
Percentage infected 0 0 0 0.1 2.7 1.0 0.4

The samples, or batches of snails, correspond to separate " stations ". In the trap survey
each pair of palm leaves on either bank of the channel (20 m apart) counts as one station; In the
net survey a station represents a stretch of channel from 50 mm to 200 mm long.

* No trap survey was carried out in drains.
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TABLE IV. EXAMINATION OF SNAILS FOR SCHISTOSOME INFECTION:
8 FEBRUARY TO 8 JULY 1953 (continued)

B. BIOMPHALARIA

February March April May June July Total

Canals

Net survey (branches)

Number of samples examined 5 3 - 47 12 6 73

Number of samples infected 0 0 - 1 0 0 1

Percentage infected 0 0 - 2 0 0 1.3

Number of snails examined 267 392 - 1 557 82 183 2 481

Number of snails infected 0 0 - 1 0 0 1

Percentage infected 0 0 - 0.1 0 0 0.04

Trap survey (mains)

Number of samples examined - - - - 9 - 9

Number of samples infected - - - - 0 - 0

Percentage infected - - - - 0 - 0

Number of snails examined - - - - 12 - 12

Number of snails infected - - - - 0 - 0

Percentage infected - - - - 0 - 0

Drains
Net survey

Number of samples examined - - - 20 19 - 39

Number of samples infected - - - 1 2 - 3

Percentage infected - - - 5 10.5 - 7.7

Number of snails examined - - - 353 483 - 836

Number of snails infected - - - 1 2 - 3

Percentage infected - - - 0.3 0.5 - 0.4

Canals + Drains
Net and trap survey

Number of samples examined 5 3 - 67 40 6 121

Number of samples infected 0 0 - 2 2 0 4

Percentage infected 0 0 - 3 5 0 2.4

Number of snails examined 267 392 - 1 910 577 183 3 329

Number of snails infected 0 0 - 2 2 0 4

Percentage infected 0 0 - 0.1 0.3 0 0.1



272 H. VAN DER SCHALIE

TABLE V. SULFATION OF CHANNELS IN PROJECT AREA:
11 JULY TO 15 AUGUST 1953

Type of channel Number Length (metres) Amount of CuSO,treated used (kg)

Main canals

Zaitum 1 1 400 450

Sanafir 1 11750 3 150

Gannabiyet el Bassusiya 1 4900 1 200

Sahil 1 2 630 1 100

Bahada 1 1 350 475

Bassusiya 1 4 750 800

Total 6 26 780 7175

Main drains

Iskandar 1 10 000 1 200

Iskandar Branch * 1 2 850 341

Qanater 1 4 250 400

Baradaa 1 2 020 150

Sindibis** 1 3 000 350

Total 5 22120 2 441

Branch canals 337 151 900 5646

Branch drains 128 58578 1 793

Grand total . 476 259378 17055

* This branch drain has been included under "main drains " on account of its length.
** Only the initial 3 km were sulfated, after the drain had been treated with DCHP.

canals as far up as their openings, to reduce the possibilities of reinfection.
Approximately six tons of copper sulfate were used for treating the portions
of these canals that did not fall within the Project area.

Sindibis Drain was treated with about 70 kg of dinitro-cyclohexylphenol
(DCHP). The chemical was mixed with wood shavings and water, and
allowed to dissolve overnight. The mixture was distributed over the length
of the drain. The quantity was not sufficient to give the 5 p.p.m. concen-
tration needed for optimum results, but even at a concentration of 1.5 p.p.m.
reasonably good results were obtained. A later test showed infestation
in two spots where application had been faulty; these were sulfated.
DCHP offers considerable promise for snail control.
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Later snail surveys and control measures

From 1953 onwards the area was covered continuously by general
snail surveys and successive treatments. Beside the main surveys, frequent
partial checks and rechecks were carried out, together with treatment
of such channels as were still found infested with snails. Special attention
was given to those with infected snails. Although the following account
deals mainly with the period after September 1953, most of the tables
given refer to the work in its entirety, in order to show more clearly the
seasonal pattern of snail abundance and infection, as well as to indicate
the cumulative effects of the treatment measures applied. Certain small
discrepancies will be noted.when comparing the present figures with those
submitted in the earlier tables. These differences arise partly from the
correction of errors and partly from the fact that the periods quoted do
not always exactly coincide. That the number of snails examined in the
laboratory is sometimes higher than the number collected during the regular
survey is due to the fact that some special collections from channels already
known to be infested have been included.

The survey work, as accomplished each month, is summarized in Table
VI. From the end of July until November 1953, a check survey for snails
was carried out in the area. The methods used in the surveys have already
been described. As mentioned earlier, the first blanketing of the area with
copper sulfate was completed by mid-August, just before the flood period,
when the waters carry great quantities of silt in suspension. That conditions
during the flood period are detrimental to snail life has been realized for a
long time, but the exact causes of the reduced snail populations need to be
investigated. It is known that the high biological oxygen demand under
silty conditions tends markedly to reduce the number of snails, and it is
possible that mechanical factors also play a part in reducing the vector
population. Despite the difficulties involved in surveying under flood
conditions, the collectors proceeded with their work, but, as expected after
a combination of heavy sulfation and flooding, they obtained very few
snails. It is probable that a low ebb in the carrier snail population occurred
at the same time in the preceding year, when the waters were not sulfated
prior to the flood period ; but, unfortunately, the detailed survey of the area
was begun only in the spring, so that proof of this was unobtainable. On
the other hand, the continued scarcity of snails during the autumn and
early winter, when they are usually numerous in other areas, was attributed
to the effects of molluscicide application. In this connexion, comparative
data would be of considerable interest. A careful and detailed year-to-year
study of such an area should be made, to provide the data needed for a better
evaluation of the results of molluscicidal treatment.

In all, four surveys covering the whole area were carried out between
February 1953 and July 1954 (see Table VII). Although some of the work
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in the first main survey was done during February and March 1953, the
bulk of it was carried out between April and July of that year; the results
of this work are shown in Table III. Between July and November 1953,
after the first sulfation, the whole area was again examined, as indicated
above. The numbers of Bulinus and Biomphalaria collected in this check
survey were only one-fifth and one-fourth, respectively, of the numbers
recovered before the first sulfation. During November and December
various partial check surveys were carried out, together with a second
sulfation of infested channels. At that time only a very few snails were found.
Another control survey of the whole area was made during February, March
and April 1954, immediately after the opening of the canals after the winter
closure. This survey revealed that the vectors were beginning to increase,
but it is thought that they were somewhat held in check by the sulfation that
took place prior to the closure. The general spring survey of the second
year of operation was undertaken between May and July 1954-the season
of normal snail abundance. This survey provided, for the first time, an
opportunity for comparing the findings at the same season in two successive
years. A comprehensive effort was made to obtain records both of the
distribution of the vectors in the area and of the places where infected snails
were found. From Table VII it is clear that the numbers and lengths of
channels found infested were almost identical in the two spring surveys.
However, Bulinus snails, a species widely distributed throughout the area,
were only about half as abundant in 1954 as in the previous year. On the
other hand, Biomphalaria snails, which usually occur in large but localized
colonies, were found in approximately the same numbers in the two surveys.

The snails collected in all the surveys were examined microscopically in
the field laboratory. The results of these examinations are shown in Tables
IV, VIII and IX, month by month, from the beginning of operations. It was
interesting to note that after the winter closure in the second year of the
survey the infected vectors again did not appear until the middle of May.
The forty days of closure were evidently once more responsible, either for
eliminating the infected vectors or for killing off the infection in the vectors
(see Barbosa & Coelho 1). The only infected snails found earlier (January
and February) were in drains, i.e., channels not exposed to drying, where
infections would be expected to persist.

To assist future field surveys, it would seem desirable to emphasize
some basic facts clearly revealed in the course of our work. These are not
new, having been discovered long ago by workers in Egypt. But they are
of such significance that they should be taken into account in the planning
of other surveys. They may be summarized as follows:

1. In Egypt, infective vectors are likely to be found in nature only after
a certain date, which in our work was 15 May. Consequently, it would not

1 Barbosa, F. S. & Coelho, M. V.( 1955) Publ. avulsas Inst. Aggeu Magalha5es, 4, 51
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TABLE VIII. MONTHLY EXAMINATIONS OF BULINUS TRUNCATUS FOR CERCARIAE
OF SCHISTOSOMA HAEMATOBIUM: 8 AUGUST 1953 TO 6 JULY 1954

Samples Bulinus
Year and number| number percentage number number percentage
month examined infected infected examined infected infected

1953

August 22 0 0 49 0 0

September 65 1 1.6 106 1 1.0

October 265 1 0.4 488 1 0.2

November 104 2 2.0 259 2 0.8

December 5 0 0 9 0 0

1954

January 14 0 0 39 0 0

February 99 1 1.0 466 1* 0.2

March 89 0 0 204 0 0

April 164 0 0 394 0 0

May 645 6 0.9 3 421 9 0.3

June 1 111 21 1.8 7648 27 0.3

July 226 25 11.0 1 206 30 2.4

Total 2 809 57 2.0 14 289 71 0.4

* This infected snail was found in a drain not subject to closure of water.

be possible to place any reliance on a survey for vector infectivity carried
out before May in canals subject to winter closure.

2. In nature, as well as in the laboratory, the percentage of snails infected
with S. haematobium is usually low (1% or less) ; hence it is important that
the samples taken be as large and the collection as thorough as possible.

In the Project area the normal and known rise of infectivity during the
summer to high levels in autumn and winter was arrested quite effectively
by the various summer sulfations of the year 1953. Examinations were
stopped during July of that year, while molluscicidal treatment was being
carried out, but they were resumed early in August. Only a few infected
snails could be found during the remainder of the year. It was not until the
early summer of 1954 that an upsurge, similar to that observed at the same
time in 1953, occurred. The number of infected Bulinus collected in 1954
was about half that found in the preceding year-a reduction that is propor-
tionate to the general reduction of these snails in the area. Infected Biom-
phalaria, on the other hand, were found in somewhat larger numbers.
Iskandar Drain, for example, yielded 12 infected Biomphalaria distributed
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TABLE IX. MONTHLY EXAMINATIONS OF BIOMPHALARIA BOISSYI FOR CERCARIAE
OF SCHISTOSOMA MANSONI: 8 AUGUST 1953 TO 6 JULY 1954

Samples Biomphalaria
Year and
month number number percentage numbern number percentage

examined infected infected examined infected infected

1953

August 1 0 0 1 0 0

September 4 0 0 7 0 0

October 59 2 3 126 3 2.3

November 11 0 0 24 0 0

December 0 0 0 0 0 0

1954

January 4 1 25.0 78 1 * 1.2

February 22 0 0 26 0 0

March 49 0 0 482 0 0

April 0 0 0 0 0 0

May 7 0 0 45 0 0

June 147 3 2.0 1 944 3 0.2

July 89 11 12.0 530 12 2.3

Total 393 17 4.0 3 263 19 0.6

* This infected snail was found in a drain not subject to closure of water.

all over its length, instead of only three. The latter findings are attributed
to the fact that in 1953 the east and north of the area, the very parts where
Biomphalaria occurs, were surveyed early, while in 1954 they were covered
at the end of June and the beginning of July, when infection was at its peak.

To make possible a visual evaluation of the distribution of infected and
uninfected vector snails in the Project area, four maps were prepared.' Two
of these maps record the distribution of infected and uninfected vectors as
observed in the spring surveys of 1953 and 1954 ; and two show the distribu-
tion of infected vectors alone during the period of greatest infectivity in the
area-i.e., the seven-week span from mid-May to the first quarter of July-in
1953 and 1954. By comparing the latter two maps it was possible to find out
readily whether the infected vectors recurred at the same sites in 1954.
Such information is of considerable interest, though it should be pointed
out that the findings would be of greater significance if the survey had been
carried out in an area not previously treated with copper sulfate.

1 See footnote on page 267.
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Infective sites are unquestionably related to the habits of the people-
a fact that raises the question whether the behaviour of individuals within
any area is sufficiently regular for vector control to be carried out on a
focal basis. Comparison of the two maps showing the sites at which infected
vectors were found indicated that the distribution was random and that
infection recurred in the same places in only a few instances. In 1954
infected Bulinus were found at the same spots as in 1953 in five channels:
one south and one east of Baradaa; one south-east of Qanater town; one
west of the farm " Arab el Tall "; and one at the beginning of the first branch
of Hududa Canal, a channel taking off from the Gannabiyet el Bassusiya
at a point about one-and-a-half kilometres north of Shalaqan. In addition,
an infected Bulinus was collected from Bahada Canal at a place not very
far from where an infected specimen had been found in the previous year.
In the period between the two spring surveys, however, the few infected
spots found (five for Bulinus and three for Biomphalaria) did not tally with
any spot previously recorded. In view of the number of infected sites that
did not coincide in the two years, it was not possible to determine any
characteristic focal pattern of infection in the Project area. The absence of
infection from the south-eastern corner of the area, which was found
highly infected in July 1953, was probably due to the fact that in 1954 this
part was surveyed early, i.e., in May, when the infection was just beginning
to build up after the winter.

Cost of Control Operations

The effect of the various applications of copper sulfate to the channels
of the area has already been discussed. Data on the numbers and lengths of
channels treated, on the amount of copper sulfate used, on the labour
involved (expressed in terms of man-days) and on the time spent are sum-
marized in Table X, while in Table XI the same information is analysed by
main and branch channels, to show the relative effort required. Data on
the numbers and lengths of channels that were cleared of vegetation before
sulfation and on the labour and time involved are given in Table XII.

In view of the necessity for controlling vector snails in the Project area,
an attempt was made not only to find out how successfully the snails could
be removed by treatment with copper sulfate, but also to work out the cost
of the molluscicidal operations. The high price of copper sulfate has been
one of the main obstacles to its liberal use in Egypt; in fact, the cost per ton
is at present so high (approximately $320 or slightly over LE 92) as to be
prohibitive.

In the Project work the chemical was purposely used without regard for
expense, the aim being primarily to assess the cost of thorough snail control
in this pilot tract with a known area and canal system. The total amount of
copper sulfate used in the area was just short of 40 tons, so that the cost of
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TABLE X. AMOUNT OF CHEMICAL AND LABOUR REQUIRED FOR SULFATION
OF CHANNELS IN PROJECT AREA: JULY 1953 TO JUNE 1954

Length of channels
Number (km) Amount Labour Time

Sequence of sulfations of of CuSD4 reouired spentchannels udeated used (man-days) (days)treated total toretedn (tons)*

First coverage, 1953
(July-August) 476 264 264 15.8 492 22

Treatment during August and
November 1953 of channels
harbouring:

vector snails 8 40 11 2.0 79 7

cercariae 15 31 18 1.9 43 4

Second coverage, 1953
(November-December) 507 275 275 17.0 723 15

Treatment from December
1953toJune 1954of channels
harbouring:

vector snails 89 69 46 2.4 115 16

cercariae 10 10 10 0.4 17 7

Total .-........ 1 105 689 624 - 39.5 J 1469 71

* Another 6.3 tons were used in the treatment of infested channels upstream of the Project area.

the chemical alone amounted to some $12 800 or LE 3700. This figure
does not include some six tons used to treat main canals in zones upstream
from the points where they enter the Project area-treatment that was
necessary because snails were repeatedly introduced into the area from the
upper reaches of the canals. In June 1954, for example, 465 Bulinus snails
were found attached to a banana leaf floating down Sahil Canal; three of
these snails were infected.

The cost of the chemical is by no means the only expense incurred in
a molluscicidal programme. Labour has to be hired to clear the channels and
to assist in applying the chemical. The cost of the labour required for carry-
ing out these operations is shown in Table XIII, together with the cost of
the labour involved in the initial survey of the area.

When the approximate expenditure on copper sulfate (£E 3700) is added
to that on labour (fE 420) a figure of some LE 4120 is obtained, but even
this large figure does not represent the total cost of the programme, since it
does not include the wages of the technical staff supervising the work (one
agricultural engineer, one supervisor, two laboratory assistants and six
snail collectors). Such an expenditure would hardly be justified even if the
channels remained free from vectors after the operations, which was cer-
tainly not the case in the Project area.
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TABLE Xi. AMOUNT OF CHEMICAL AND LABOUR REQUIRED FOR SULFATION
OF MAIN-AND BRANCH CANALS AND DRAINS IN PROJECT AREA:

JULY 1953 TO JUNE 1954*

Number Length of channels Amount
Type of of (kin) of CuSO4 Labour Time
channel channels used required spent

treated total treated (tons)** (man-days) (days)
portions

Main canals 21 106 72 15.1 414 18

Branch canals 754 355 349 13.3 636 34

Main drains 12 75 54 6.1 238 10

Branch drains 318 153 149 5.0 181 9

Total .. . 1 105 - 689 624 39.5 1469 71

* The figures are cumulative and represent the total amount of work done since the inception
of the Project.

* Excluding 6.3 tons used in treatment of infested channels upstream of Project area.

Assessment of Snail-Control Measures

In the Bilharziasis Control Project in Qalyub every effort was made to
eliminate all the snails from the area. Copper sulfate was applied repeatedly
and frequent resurveys were carried out to detect any reappearance of the
snails. Whenever vectors were found the water harbouring them was
immediately treated again with molluscicide. Yet, as the records indicate,
it was impossible to keep the vectors away from the area for long. After

TABLE XII. LABOUR REQUIRED FOR CLEARANCE OF VEGETATION
FROM CHANNELS IN PROJECT AREA PRIOR TO SULFATION:

APRIL 1953 TO JUNE 1954

Length of channels
Number (km) Labour Time

Sequence of clearances chnnl required spent
clare total cleared (man-days) (days)cleared tota portions

Before first sulfation in 1953
(April-August) 8 29 12 302 16

Between first and second sulfa-
tions in 1953
(August-December) 82 53 39 1 400 47

Before third sulfation of area *
(December 1953-June 1954) 50 25 23 688 36

Total 140 107 74 2 390 99

* This was the first sulfation in 1954.
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TABLE XiII. COST OF LABOUR USED IN SNAIL-CONTROL OPERATIONS

Activiy .Labour used Cost*
Activity (man-days) (£E)

Measuring and mapping channels in initial
survey (March 1953) 100 10

Clearing vegetation 2 390 239

Applying copper sulfate 1 469 146.9

Placing and examining traps in main canals:

inside Project area 264 26.4

upstream of Project area 12 1.2

Total . . . . . . . . . . 4 235423.5

* Calculated at the rate of 10 piastres per day.

one year of thorough sulfation the snails were again abundant, though
admittedly present in half the numbers they were before, and infection was
once more found to be widespread. Treatment with copper sulfate alone,
therefore, will not eliminate the vectors completely.

With the high cost of the chemical and the additional expenditure on
labour, the costs involved in keeping even a 5000-acre area under control
with molluscicides would be prohibitive. Clearly, therefore, further research
on methods of control is needed. It is becoming increasingly evident,
however, that complete control is likely to be achieved only through a
combination ofthe various measures known to inhibit snail life-winter clo-
sure of the canals, removal of silt by mechanical means, and application of
molluscicides. It would be interesting, for example, to find out how far
silt-clearance operations carried out thoroughly with a suitably designed
machine would prove valuable as a snail-control measure. Studies should
be made in a pilot area to determine how these measures can be used in
combination to best advantage. It must not be forgotten that improved
sanitation and treatment facilities and health education of the public can
also play an important part in preventing the spread of human bilharziasis.
But it is generally conceded that these are long-term measures and that
elimination of the vector snails seems at present to be the best method of
bringing the disease quickly under control. The importance of finding better
ways of destroying snail colonies and preventing reinfestation of channels
cannot therefore be overestimated.

Malaria has been controlled in many regions through attack on the
mosquito vectors; there is hope that bilharziasis can also be reduced to a
low level through control measures directed against the intermediate hosts
of the parasite. The difference between the two cases is that much is now
known about the biology of the malaria vectors and about the means of
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reducing or eliminating them, whereas medical malacology stands today
roughly where medical entomology stood a quarter of a century ago.
Unless a greater effort is made and more funds are available for research,
there will be no hope of achieving complete control of the vector snails,
and the staggering costs of attempts to effect even a partial reduction in
snail populations with molluscicides will effectively prevent the widespread
application of such a control measure.
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R1tSUM12

11 est notoire que la fr6quence de la bilharziose a augmente dans les r6gions ben6ficiant
d'un systeme d'irrigation perenne. Elle atteint jusqu'a 60% de la population en certains
endroits du delta du Nil. L'auteur rend compte du projet pilote de lutte contre les mol-
lusques vecteurs entrepris a Qalyub en 1953-54, sur quelque 2000 ha, par traitement au
sulfate de cuivre, applique A plusieurs reprises. It releve dans ses conclusions que ce
traitement ne peut A lui seul eliminer les mollusques, qui r6apparaissent au bout d'une
ann6e, quoique en moindre nombre, dans les canaux traites, et surveill6s. Le co(ut de
cette methode de lutte serait en outre prohibitif. II faut la combiner A d'autres, telles que
la fermeture des canaux en hiver et l'evacuation m6canique du limon.
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