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The Effect of Area-wide Snail Control
on the Endemicity of Bilharziasis in Egypt

M. FAROOQ,1 NELSON G. HAIRSTON2 & S. A. SAMAAN3

Molluscicides applied to two areas near Alexandria had a significant effect in reducing
both incidence and prevalence of Schistosoma haematobium and S. mansoni infections.
No decrease in either measure of endemicity was found in an adjacent untreated area.
Bayluscide and sodium pentachlorophenate were equally effective in interrupting the trans-
mission of S. haematobium, but Bayluscide was more effective against S. mansoni, prob-
ably because of the difficulty of applying sodium pentachlorophenate to drains, which are
the primary habitats for the intermediate hosts of S. mansoni. The authors believe that the
present experiment provides strong evidence of the interruption of transmission of bil-
harziasis in the Nile Valley or Delta.

Most authorities are agreed that the best approach
to the control of bilharziasis is through an attack
upon the molluscan intermediate host (WHO
Expert Committee on Bilharziasis, 1961, 1965; World
Health Organization, 1965). This opinion, however,
has been based upon theoretical considerations and
upon the failure of other methods almost as much as
upon the demonstrated success of snail control. It
seems probable that transmission has been inter-
rupted more frequently by this method than can be-
demonstrated by acceptable scientific and statistical
analysis, but to our knowledge only the results
obtained in the Philippines (Pesigan & Hairston,
1961) are backed by an adequate control area as well
as by a statistically significant decline in prevalence
in the younger age-groups of children.

In the United Arab Republic, the two most pro-
minent examples of success are in the Dakhla Oasis,
about 450 km west of the Nile Valley (Ayad, 1962;
Khalil, 1932), and in the Warraq el Arab area, near
Cairo (Wright, Dobrovolny & Berry, 1958). The
oasis, being isolated, presents a radically different
problem from that in the Nile Valley and Delta, and
although there can be no doubt of the success of
mollusciciding operations in Dakhla Oasis in stop-
ping the transmission of S. haematobium, the results
cannot be applied directly to the main problem in
Egypt. The campaign at Warraq el Arab, while

1 WHO Senior Adviser, Egypt-49 Project.
'Professor of Zoology, University of Michigan, Ann

Arbor, Mich., USA.
a Medical Officer, Egypt-49 Project.

unquestionably successful from the standpoint of
reduction of snail density, lacks convincing para-
sitological data (Wolstenholme & O'Connor, 1962).
We believe that the present experiment provides

strong evidence of the interruption of transmission
of S. haematobium and S. mansoni in the Nile Valley
and Delta.
The present report covers part of the effort of the

joint United Arab Republic-WHO-UNICEF Project
on Bilharziasis Control (Egypt-49), located near
Alexandria in Beheira Province. Detailed accounts
of base-line surveys and preliminary research appear
elsewhere in this issue.' It is enough for present pur-
poses to note that the project area is typical of the
old-established agricultural communities in the
Nile Delta.

METHODS

Subsequent to the initial sampling to obtain base-
line data in the project area, field experiments were
carried out to determine the efficacy of four different
molluscicides under local conditions. The mollusci-
cides tested were sodium pentachlorophenate
(NaPCP), Bayluscide,5 ICI 24223 and Aqualin.7
The results indicated that, when properly applied, all
four gave highly satisfactory results against the

' See the papers on pages 281, 293, 319 and 339 of this
issue.

5-Chlorosalicyl-(2-chloro-4-nitro)anilide (Bayer).
' Isobutyltriphenylmethylamine.
' Aqualin-Herbicide is a registered US trademark of the

Shell Chemical Co., New York, N.Y., USA; the active in-
gredient of the product is acrolein.
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intermediate hosts of both Schistosoma haematobium
and S. mansoni (Dawood et al., 1965; Unrau et al.,
1965).1
For area-wide application, only two of the four

molluscicides-sodium pentachlorophenate and Bay-
luscide-were available in sufficient quantity. The
costs of these per unit volume of water treated were
nearly identical, and in order to judge properly
between them, two adjacent sections of the project
area were chosen for an extensive test. These two
sections, Kom Ishu (22.0 kM2, population 6890) and
Kom el Birka (29.9 kM2, population 8506) are
separated by a single large drain and receive their
irrigation water from different main canals. Thus
there was no danger of mixing of chemicals between
the two sections.

Beginning in May 1963, Kom Ishu was treated with
sodium pentachlorophenate and Kom el Birka with
Bayluscide; the treatment was repeated in October.
Details of the procedure, the malacological results,
and an analysis of cost have been published.' The
results indicated that Bayluscide was the chemical of
choice, and accordingly, beginning in May 1964, both
areas were treated with this molluscicide.
The parasitological evaluation was carried out

approximately annually on a randomly selected
group of children, amounting to a 10% sample in
Kom Ishu and Kom el Birka and a 5% sample in
Akrisha (the control area).2 All stool and urine
examinations were performed by the same techni-
cians throughout the study. Thus it is considered
that human errors were essentially constant and
therefore would not have affected the evaluation.
The evaluation was confined to the youngest age-

groups of children, including only those less than
7 years old at the time of the original base-line
survey. The reason for this choice was to provide the
most sensitive test available for detecting the
interruption of transmission, since when people of
all ages are considered it is necessary to maintain
control operations for several years before a change
can be detected.3 The following analysis is based on
the results obtained up to July 1965, including
repeated surveys in Akrisha Section of the Control
Division,4 where no effort has been made to interrupt
the transmission of the disease.

I See also the paper on page 357 of this issue.
' For details of the sampling procedure and parasitologi-

cal methods see the paper on page 281 of this issue.
'See the paper on page 331 of this issue.
'Details of the different divisions in the project area are

given in the papers on pages 281 and 293 of this issue.

RESULTS AND DISCUSSION

Changes in incidence
As has been emphasized elsewhere (Farooq &

Hairston; 6 Pesigan et al., 1958), the measurement of
incidence, or the rate at which people become posi-
tive, provides a much more sensitive indication of
epidemiological events than does a simple statement
of prevalence-the proportion positive at the time of
survey. Incidence is measured by the repeated
examination of persons initially negative for the
parasite, the proportion becoming positive being
recorded per unit of time; conventionally, the time
unit is one year. If the observations are carried out at
intervals other than 12 months, the annual incidence
may be calculated as

I = 1 -x12/1

where x is the proportion remaining negative after
y months.
The method of calculating incidence is illustrated

in Table 1, which gives detailed figures for the
Akrisha Section of the Control Division. The over-
all results of the experiment are shown in Table 2.
The pretreatment incidence in the treated and un-
treated (control) areas was very similar for both
species of parasite.

After mollusciciding began in 1963, the incidence
of S. haematobium infection dropped to about one-
third of the original, and remained approximately
constant during the second year of control effort.
The source of this remaining incidence is of interest:
detailed examination of the data by year of age
shows that it occurs entirely in children above the
age of 4 years. This is in contrast to the observation
that 35% of the cases becoming positive prior to
control effort were among those aged 0-4 years. The
same feature is found with S. mansoni. In the
untreated area, by contrast, there is no evidence of
any change in the pattern of transmission of either
parasite. A plausible explanation for the continuing
low incidence is that the older children, having a
wider area of activity, may go outside the protected
zones occasionally. This point should be resolvable
in the near future when adjacent zones of the project
area will also be protected.

S. mansoni provides some additional points of
interest. It will be observed from Table 2 that the
incidence of this parasite showed a more marked
decline during the second year of control than during

6 See the paper on page 331 of this issue.
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TABLE I

INCIDENCE OF BILHARZIASIS IN AKRISHA SECTION
OF CONTROL DIVISION

Number negative at Number negative at
Age first survey second survey

(years)

Males Females Total Males Females Total

S. haematobium

0 13 11 24 12 10 22

1 13 13 26 12 11 23

2 12 12 24 8 10 18

3 19 12 31 16 9 25

4 14 10 24 9 6 15

5 16 13 29 12 7 19

6 14 3 17 7 1 8

Total |101 | 74 1175 76 54 130

130\ (12/18)Incidence= 1- (175 = I - 0.820 = 0.18 or 18.0 %

S. mansoni

0 13 11 24 11 11 22

1 13 13 26 13 13 26

2 14 14 28 13 12 25

3 17 12 29 14 12 26

4 13 11 24 12 9 21

5 16 17 33 13 17 30

6 20 6 26 16 6 22

Total 106 - 84 ;190 92 80 1172

172 (12/18)
Incidence = I - = I - 0.936 = 0.064 or 6.4 %

TABLE 2
INCIDENCE OF BILHARZIASIS IN CHILDREN UNDER
7 YEARS OLD IN AREAS TREATED WITH MOLLUSCICIDES

AND IN ADJACENT UNTREATED AREA

S. haematobium S. mansoni
Period

of survey a No. Annual No. Annualnegative incidence negative incidence
at start (%) at start (%)

Kom lshu and Kom el Birka (treated)
1962-63 101 22.8 106 8.5

1963-64 273 7.3 289 6.2
14

1964-65 289 8.3 298 1.9

1962-64

1964-65

Akrisha (untreated)
175 18.0

159 21.4

190

195

6.4

13.4

a See the section on Statistical analysis (p.372) for informa-
tion on the intervals between observations and on the validity
of statistical comparisons of the results.

The best explanation for these observations lies in
the properties of the two molluscicides and in the
ecological distribution of the two snail intermediate
hosts. It has been noted above that, after the first
year, Bayluscide was selected as the chemical of
choice. This was primarily because of the difficulties
and greater expense of using sodium pentachloro-
phenate in spraying small channels and all drains,
since both chemicals are easily applied to main

TABLE 3
INCIDENCE OF BILHARZIASIS IN CHILDREN UNDER
7 YEARS OLD IN THE TWO AREAS TREATED WITH

MOLLUSCICIDE

S. haematobium

the first. The figures differed in the two zones, as
shown in Table 3. In Kom Ishu, no decrease was
found in the incidence of S. mansoni infections during
the first year of mollusciciding; in fact, a slight, but
not statistically significant, increase was observed.
In Kom el Birka, the decline in incidence began as
soon as mollusciciding began, and a further improve-
ment was found during the second year.

It is especially interesting to note that no such
difference between the two zones was found in the
case of S. haematobium infection. The slight differ-
ence in favour of Kom el Birka is not statistically
significant.

S. mansoni

of survey No. Annual No. Annualnegative incidence negative incidence
at start (%) at start (%)

Kom Ishu (NaPCP in 1963, Bayluscide in 1964)

1962-63 45 20.0 52 9.7

1963-64 125 8.8 127 10.3

1964-65 138 9.4 139 2.0

Kom el Birka (Bayluscide in 1963 and 1964)

1962-63 56 25.0 54 7.5

1963-64 148 6.1 162 3.1

1964-65 151 7.4 159 1.8
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TABLE 4
PREVALENCE OF S. HAEMATOBIUM INFECTION IN CHILDREN UNDER 7 YEARS OF AGE IN AREAS TREATED WITH

MOLLUSCICIDE AND IN ADJACENT UNTREATED AREA

Age at 1962 1963 1964 1965 Percentage positive
time of
survey No. No. No. No. No. No. No. No. 1962 1963 1964 1965
(years) examined positive examined positive examined positive examined positive

Kom Ishu and Kom el Birka (treated)

0 14 0 29 0 58 0 35 0 0 0 0 0

1 9 1 58 7 34 0 54 0 11.1 12.1 0 0

2 24 5 40 2 54 4 23 0 20.8 5.0 7.4 0

3 29 5 59 11 34 1 62 2 17.2 18.6 2.9 2.9

4 28 10 64 10 59 4 33 0 35.7 15.6 6.8 0

5 29 15 52 19 60 9 55 9 51.7 36.5 15.0 16.4

6 35 14 70 30 51 22 61 18 40.0 42.9 43.1 29.5

Akrisha (untreated)

0 31 3 34 0 46 0 9.7 0 0

1 28 1 25 2 29 2 3.6 8.0 6.9

2 33 4 29 3 28 7 12.1 , 10.3 25.0

3 41 5 28 8 28 5 12.2 0 28.6 17.5

4 32 8 o 35 7 28 7 25.0 o 20.0 25.0
z z

5 42 13 31 15 35 12 31.0 48.4 34.3

6 35 17 42 19 31 18 48.6 45.2 58.1

canals.' The result was that the drains in Konm Ishu
were treated less effectively than those in Kom el
Birka, where Bayluscide was used. Extensive studies
of the ecological distribution of the snails have shown
that Bulinus truncatus, the intermediate host for S.
haematobium, is most abundant in the larger canals,
where Biomphalaria alexandrina, the intermediate
host for S. mansoni, is uncommon. Biomphalaria,
however, reaches its greatest abundance in drains.
Thus a molluscicide that can be applied easily to
canals but only with difficulty in drains will auto-
matically be more effective in interrupting the
transmission of S. haematobium than in interrupting
that of S. mansoni. Confirmation of this hypothesis
is seen in the data for 1964-65, when Bayluscide was
applied to both areas and highly satisfactory results
were obtained inKom Ishu as well as in Kom el Birka.

Statistical analysis
Unfortunately, the measures of incidence lend

themselves to statistical analysis only with difficulty.
This is because of the varying intervals over which

1 See the paper on page 357 of this issue.

the observations were made owing to unavoidable
administrative difficulties. For 1962-63 and 1963-64,
the interval was 12 months in Kom Ishu and Kom el
Birka. During 1964-65, however, the interval was
13 months. In the control zone of Akrisha, an
18-month interval was used in 1962-64 and a
12-month interval in 1964-65. These differences are
easily accommodated in the calculation of incidence,
as explained above, but they invalidate simple sta-
tistical comparison of the proportions, except for
the pre- and post-treatment figures for Kom Ishu
and Kom el Birka. In this case the observed decline
in S. haematobium infection is highly significant
(X2= 15.80 with one degree of freedom).

In order to investigate the statistical significance of
the apparent success of the operation, the more con-
ventional approach using prevalence data has also
been attempted. This has the additional merit of
making the analysis more nearly comparable to that
of Pesigan & Hairston (1961).
Conventional analysis by changes in prevalence
The basic data obtained for the analysis of chan-

ges in, prevalence are given in Tables 4 and 5. The
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TABLE 5
PREVALENCE OF S. MANSONI INFECTION IN CHILDREN UNDER 7 YEARS OF AGE IN AREAS

TREATED WITH MOLLUSCICIDE AND IN ADJACENT UNTREATED AREA

Age at 1962 1963 1964 1965 Percentage positive
time of
survey No. No. No. No. No. No. No. No. 1962 1 9(years) examined positive examined positive examined positive examined positive 2 1963 1964 1965

Kom Ishu and Kom el Birka (treated)
0 14 0 29 3 58 0 35 0 0 10.3 0 0

1 9 0 58 6 34 1 54 0 0 10.3 2.9 0

2 24 7 40 4 54 2 23 0 29.2 10.0 3.7 0

3 29 8 59 8 34 3 62 0 27.6 13.6 8.8 0

4 28 5 64 8 59 4 33 0 19.8 12.5 6.8 0

5 29 11 52 8 60 10 55 4 37.9 15.4 16.7 7.3

6 35 16 70 27 51 10 61 3 45.7 38.6 19.6 4.9

Akrisha (untreated)
0 31 1 34 0 46 0 3.2 0 0

1 28 1 25 2 29 0 3.6 8.0 0

2 33 1 29 1 28 3 3.0 , 3.4 10.7

3 41 6 28 3 28 4 14.6 10.7 14.3

4 32 8 o 35 3 28 6 25.0 o 8.6 21.4z z
5 42 9 31 6 35 3 21.4 19.4 8.6

6 35 9 42 5 31 9 25.7 11.9 29.0

evidence for the interruption of the transmission of
both S. haematobium and S. mansoni is very strong,-
particularly when it is realized that no child born in
the two years since the start of mollusciciding opera-
tions has become positive for either parasite. Un-
fortunately, it is not legitimate to make a direct
statistical test on the over-all prevalence data, since
the different ages were represented in significantly
different proportions during the various surveys.
This negates the comparison of over-all proportions
positive, because the prevalence in the older age-
groups is much higher than in the younger ones,
regardless of area or tratment. A constant propor-
tion between different ages could not be maintained
because of the sampling method used, in which
children from the same randomly selected households
were examined annually, the number of children in
each age-group moving to the next higher group at
each successive examination. Minor differences
noted between two consecutive years in certain
cases are due to the absence of some children at the
time of the examination

it is permissible to pool data from the two oldest
age-groups, 5 and 6 years, however, since the pro-

portional representation of these did not change
significantly on different surveys. An additional
advantage in using these two groups is the higher
proportion of positive cases-a factor that increases
the reliability of the X2 test. As the results for the
two parasites are somewhat different, they will be
described separately.

Schistosoma haematobium. The complete results
of the statistical analysis are given in Table 6; the
results are unequivocal. The decrease in prevalence
in the two years following the start of snail control is
highly significant; during this time the prevalence in
the untreated (control) area did not change. More-
over, whereas before the start of mollusciciding the
operational area was not significantly different from
the control area, the prevalence during the first two
years after the start of control operations showed
a very highly significant difference from that in the
control area. These findings lend more weight to
the observed decline in prevalence among the
youngest age-groups, which do show a dramatic
drop in prevalence, although, for the reasons stated
above, the change cannot be tested statistically.

7
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TABLE 6
VALUES OF CHI-SQUARE (x') (ONE DEGREE OF FREEDOM) FOR PROPORTION

OF CHILDREN AGED 5 AND 6 YEARS POSITIVE FOR S. HAEMATOBIUM IN TREATED
AND CONTROL AREAS BEFORE AND AFTER TREATMENT a

Kom Ishu Kom Ishu
and and Akrisha Akrisha

Kom el Birka Kom el Birka 1962 1964-65
1962-63 196445

Kom Ishu and Kom el Birka 1962-63 - 12.40 0.10 0.39

Kom lshu and Kom el Birka 1964-65 12.40 - 4.74 16.14

Akrisha 1962 0.10 4.74 - 0.6b

Akrisha 1964-65 0.39 16.14 0.68 b

a A value of 3.84 or above indicates that the difference is statistically significant at the 5 % level.
b Two degrees of freedom.

Schistosoma mansoni. The results for S. mansoni
are less easy to interpret, for three reasons. First, the
treated and control areas had significantly different
prevalences to begin with; second, a significant
decline in prevalence occurred in the treated area
before operations began; and third, as described
above, the two molluscicides were not equally
effective in preventing the transmission of S. mansoni.

Nevertheless, a very good case can be made out for
the effectiveness of snail control. The important
points are that, even though the prevalence of
S. mansoni in Kom Ishu and Kom el Birka fell
significantly from 1962 to 1963, a much greater
decrease was observed after the start of mollusci-
ciding, especially after 1964, when both areas were
treated with Bayluscide. Whereas, before treatment,
the prevalence in Kom Ishu and Kom el Birka was
significantly higher than in the Akrisha Section of
the Control Division, in 1965 the prevalence in
Akrisha was significantly the higher of the two.
The crucial question is whether or not the un-

known causes for the decline between 1962 and 1963

were still operating. The data from the control area
would indicate that they were not, since no signi-
ficant changes in prevalence were observed between
1962, 1964 and 1965. It was between the last two
years that the greatest decrease in prevalence occur-
red in the treated area. It seems likely that the factor
operating in 1963 was peculiar to that year and
affected only the population of Biomphalaria alexan-
drina, the intermediate host of S. mansoni, or the
transmission of the parasite to the snail. Tempera-
ture records indicate that the spring of 1963 was the
coldest since the start of the project, and this may
have been the cause of the decreased transmission.
It is especially noteworthy that no effect was observed
on the prevalence of Schistosoma haematobium
during that year.

It is hoped that this convincing demonstration of
the effectiveness of snail control will stimulate the
extension of the method, including the thorough
organization and careful supervision adopted
here, to other areas where the endemic situation is
simnilar.
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R'ISUMM

Dans le cadre d'une s6rie d'articles sur le projet pilote
de lutte contre la bilharziose dans le delta du Nil, les
auteurs decrivent les effets de l'utilisation de mollusci-

cides sur l'incidence et la pr6valence des infections A
Schistosoma haematobium et S. mansoni.
Pendant deux annees cons6cutives, des molluscicides
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ont ete appliques en mai et en octobre dans deux zones
proches d'Alexandrie: Kom Ishu, 22 km2 et 6890 habi-
tants, et Kom el Birka, 29,9 km2 et 8506 habitants. Kom
Ishu a et6 trait6 la premiere ann6e avec le pentachloro-
phenate de sodium et la deuxieme annee avec le Baylus-
cide; Kom el Birka a ete traite chaque ann& avec le
Bayluscide. Dans les deux zones et dans une zone t6moin
non traitee, des enfants de moins de 7 ans choisis au
hasard ont subi un examen parasitologique avant l'appli-
cation des molluscicides et ont et r6examines une fois
par an. L'incidence de Schistosoma haematobium, expri-
m6e par le pourcentage d'enfants devenant positifs
chaque annee, a 6t6 reduite au tiers de sa valeur initiale
dans les deux zones traitees; elle est restee constante dans
la zone temoin. L'incidence de S. mansoni n'a diminu6
au cours de la premiere annee qu'a Kom el Birka, mais
a decru de fagon significative dans les deux zones au cours
de la deuxieme annee; elle a augmente dans la zone
temoin. Ces r6sultats semblent lies a la difficulte du trai-
tement par le pentachlorophenate de sodium des petits

canaux dont d'autres 6tudes ont montre qu'ils consti-
tuaient l'habitat primaire de l'hote interm6diaire de S.
mansoni.

L'analyse statistique a rev6le une diminution signi-
ficative de la pr6valence de S. haematobium et de S.
mansoni chez les enfants de 5 a 7 ans. On a 6galement
observe une diminution de cette prevalence chez les en-
fants plus jeunes mais elle n'a pu etre analys6e statisti-
quement pour des raisons techniques. Tout permet de
croire au succes de l'operation dans le cas de S. haema-
tobium. Le cas de S. mansoni est plus complexe mais les
donn6es reunies autorisent la meme conclusion. 11 faut
enfin noter qu'aucun des 92 enfants n6s depuis l'appli-
cation des molluscicides n'a ete trouv6 porteur de
parasites lors des examens annuels auxquels ils ont Wt6
soumis.

Les auteurs pensent que cette etude est la premiere
demonstration scientifique acceptable d'une interruption
de la transmission de la bilharziose dans la vall&e ou le
delta du Nil.
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