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Results of Exposure of Batches from Highly Susceptible and
Less-susceptible Strains of Biomphalaria alexandrina alexandrina
from Egypt to Strains of Schistosoma mansoni from Cairo and Alexandria

by C. C. CRIDLAND, Parasitologist, Danish Bilharziasis Laboratory, Charlottenlund, Denmark

Several investigators have reported that snail
vectors of schistosomes of man vary in their sus-
ceptibility to infection. Stunkard,a Cram, Files &
Jones,b and Abdel-Malek c found that Planorbis
boissyi (Biomphalaria boissyi) d1 of Egyptian origin
was refractory to the Schistosoma mansoni Sambon
strain of the West Indies. Kikuth & Gonnert e

failed to infect B. alexandrina alexandrina (Ehren-
berg) with S. mansoni from Liberia. However,
Cowper f succeeded in infecting B. alexandrina with
S. mansoni from Uganda.
Two consignments of B. alexandrina from Egypt

were received in the laboratory; one lot originated
from the surroundings of Cairo, the other from near
Alexandria. Laboratory-bred snails, reared from
these original wild snails, were exposed to schisto-
some miracidia. Great extremes in infection rates
were found and it was decided, therefore, to conduct
a series of experimental infections using B. alexan-
drina from various parts of Egypt.

This paper records the results of experimental
studies on the susceptibility of B. alexandrina from
6 different populations in Egypt.

Material
Dr G. Mandahl-Barth has provided the following

information on the snail material used in the
experiments.
The sources from which the 6 colonies of Biomphalaria

alexandrina, used in the present experimental work, were
obtained are given below.

(1) The " Alexandria " colony originates from snails
which were brought to the Danish Bilharziasis Laboratory
in August 1965 by Dr B. Dazo. The original locality was

a Stunkard, H. W. (1946) J. Parasit., 32, 539.
b Cram, E. B., Files, V. S. & Jones, M. F. (1947) Nat.

Inst. Hlth Bull., 189, 81.
c Abdel-Malek, E. (1950) Amer. J. trop. Med., 6, 887.
d Since renamed Biomphalaria alexandrina alexandrina.
e Kikuth, W. & Gonnert, R. (1948) Ann. trop. Med.

Parasit., 42, 256.
f Cowper, S. G. (1947) Ann. trop. Med. Parasit., 41, 173.

an irrigation canal a few miles east of Kafr el-Dawar in
Beheira Province.

(2) The " Cairo " colony was derived from snails
brought to the Danish Bilharziasis Laboratory by
Dr Bille in June 1966 from Dr E. McConnell's laboratory
in the US Naval Medical Research Unit No. 3. The exact
locality from which they came originally is not known but
is supposed to be somewhere in Giza Province. Un-
fortunately, this colony died out in February 1967.

(3) The " Ismailiya" colony originates from snails
obtained by Dr Mandahl-Barth from Dr I. A. Aboul-
Ela's laboratory, Ain Shams University, Cairo, and
originally collected at Birket el-Halwas near Ismailiya.
The Danish Bilharziasis Laboratory has a larger sample
collected in the same place by Dr E. Demian on
3 February 1966.

(4) The " Suez" colony was also brought by Dr
Mandahl-Barth to the Danish Bilharziasis Laboratory
from Dr Aboul-Ela's laboratory in December 1966.
Specimens of the original Suez population could not be
obtained.

(5) The " Qalyub " colony is descended from snails
collected by Dr Mandahl-Barth on 7 December 1966
in a closed channel (El-Basusya el-Kadema) 3 km north
of Qalyub in the same province.

(6) The " Nawa" colony is also descended from snails
collected by Dr Mandahl-Barth the same day, i.e.,
7 December 1966, from a drain near Nawa, a small
village about 12 km north-east of Qalyub.

At first, the 6 populations were rather different in the
form and size of the shell, as can be seen from Table 1 in
which the columns on the left give the average sizes for
the 10 largest specimens from each of the original
populations, and the columns to the right give the same
measurements for the 10 largest specimens in the colonies
kept in the Danish Bilharziasis Laboratory. The measure-
ments were made in June 1968, apart from those of the
" Cairo " colony, for which the measurements were made
in February 1967, i.e., from the first generation in the
laboratory.
As regards the " Alexandria " colony, the tenth or

twelfth generation in the Danish Bilharziasis Laboratory
is probably involved; for the remaining colonies, pre-
sumably the fifth or sixth generations.
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TABLE I
MEAN MEASUREMENTS OF 10 FULLY GROWN SHELLS OF B. ALEXANDRINA FROM EACH OF 6 LOCALITIES

Original population a Laboratory-bred specimens a
C olony of

snails Ux100 Hx10O Ux1|0 Hx|OOA D H U A D H U -_
H D H D

" Cairo" 5.3 14.2 4.4 5.3 120 31.0 5.3 14.1 4.2 5.3 126 30.0
" Qalyub" 5.3 11.5 3.3 4.8 146 28.7 5.3 11.9 3.7 4.7 127 31.1

" Nawa" 5.2 15.1 4.6 5.5 120 30.5 5.3 12.4 4.1 4.7 115 33.0

"Suez" 5.1 11.3 3.9 4.0 103 34.5 5.2 11.5 3.6 4.0 111 31.3

"lsmailiya" 6.0 12.9 3.4 5.3 156 26.4 5.3 12.3 3.8 4.6 121 30.9

"Alexandria" 5.6 13.3 4.1 5.5 134 30.8 5.2 11.4 3.5 4.0 114 30.7

a A number of whorls;
D greatest diameter of shell in mm;
H = height in mm of last whorl behind aperture;
U = greatest diameter in mm of umbilicus.

It will be seen from Table 1 that only 10 specimens in
each population have been measured for calculations of
the average size and shell-proportions; the reason is
partly that in one of the original samples, no more
fully grown snails were available, and partly that this
number seems to give a reasonably reliable estimate. If
smaller specimens are included in the measurements, the
result becomes less clear because young shells of B.
alexandrina, i.e., shells below 8 mm-9 mm in diameter, are
relatively higher, and have a proportionally smaller
umbilicus, than the fully grown shells. However, the
result will not be significantly altered if, instead of
10 shells, 20 or more shells of about the same diameter
are measured. For instance, measurement of 21 shells,
more than 11.8 mm in diameter, from the original
Ismailiya population gave the following mean values:
greatest diameter in mm (D), 12.5; height in mm of last
whorl behind aperture (H), 3.3; greatest diameter in mm
of umbilicus (U), 5.1; which gives a U/H ratio of 154 and
an H/D ratio of 26.4. The mean values for 25 shells over
13.4 mm in diameter from Nawa are: D, 14.7; H, 4.5;
U, 5.4; U/H, 120; H/D, 30.6. This correspondence is
still closer for laboratory-bred snails because their shells
develop more uniformly than in nature.

It is well worth noticing that the considerable differ-
ences in shell-sizes and proportions, as found in the
original populations, almost disappear in laboratory-bred
colonies in the course of a few generations. The extremes
of the original populations of " Ismailiya " and " Suez "
were such that they might have belonged to different
species; " Ismailiya " resembled B. sudanica and " Suez "
resembled B. pfeifferi with respect to the number of
whorls, the height of the shell and the size of the
umbilicus. Now, after 5 generations in the Danish
Bilharziasis Laboratory, the colonies are becoming more

uniform. The " Nawa " and " Qalyub " populations,
both collected on the same day within the same area,
had, in spite of almost the same number of whorls, a
striking difference in size and, to a certain extent, also a
difference in the relative size of umbilicus. After a few
generations in the laboratory, they are now closely
similar.
As the characteristic differences in shell-form and size

of the various populations-no matter how pronounced
or distinctive they may be originally-disappear in
laboratory-bred colonies, they must probably be regarded
as ecophenotypic and should not be considered to have
any taxonomic value. To determine whether the labora-
tory-bred snails had developed in an unnatural way,
200 shells over 13.0 mm in diameter from 28 different
localities in the Nile Delta were measured and the average
measurements were calculated for B. alexandrina. The
average values obtained are: A, 5.3; D, 14.2; H, 4.3;
U, 5.3. The value for U is thus equal to 123% of H,
which again is 30.3% of D. The laboratory-bred snails
are clearly in good agreement with the B. alexandrina
average in their proportions, but, as expected, do not
reach the " wild" snails in size.
Anatomical features in the original populations and in

their descendants have also been compared, but only a
few differences could be found. All 6 populations must
be referred to the inland form of B. alexandrina,g because
the vergic sheath is as long as, or slightly longer than, the
preputium, and this character has remained unchanged
in laboratory colonies. It must be noticed that the radula
in the original populations from Ismailiya and Kafr
el-Dawar (" Alexandria ") was closer to the typical form,

g Mandahl-Barth, G. (1958) Intermediate hosts of
Schistosoma, Geneva, p. 46 (World Health Organization:
Monograph Series, No. 37).
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the mesocones on the lateral teeth being rather like arrow-
heads in shape. The later generations, however, like the
remaining populations, had simple triangular mesocones.
Whether the typical B. alexandrina from the coastal area
with the very pronounced arrow-head-shaped mesocones
also develop triangular mesocones under laboratory con-
ditions is not known, but it must be considered likely
since in other species of Biomphalaria also (for instance,
B. pfeifferi and B. angulosa), populations with arrow-
head-shaped mesocones are known, as well as others with
simple triangular mesocones. In Bulinus truncatus, how-
ever, the form of the teeth is not changed by laboratory-
rearing.
As certain forms of B. alexandrina (for instance,

" Suez ") resemble forms of B. pfeifferi so closely that the
possibility of the former being a northern race of the
latter could not be ruled out, a series of cross-breeding
experiments between different populations of B. alexan-
drina and a homozygotic albino strain of B. pfeifferi
from Abu Usher in Sudan was carried out. An immature
specimen of B. alexandrina was placed together with an
immature albino specimen of B. pfeifferi in a number of
1-litre glass containers. The snails were kept together
until eggs were laid, then they were isolated, each
B. alexandrina and B. pfeifferi by itself. All B. pfeifferi
produced albino offspring and all B. alexandrina produced
offspring that were coloured characteristically. The young
from the B. alexandrina were observed through 2 genera-
tions without a single albino appearing. Thus, crossing
does not appear to have taken place, and B. alexandrina
and B. pfeifferi must be regarded as 2 different species.

Altogether, 1900 juvenile laboratory-bred snails
between 6 mm and 7 mm in diameter (2 months old)
from these populations were used in the infection
experiments. They originated from adults which had
not previously been used in any experiments.
B. pfeifferi originating from Southern Rhodesia
served as a control for the experimental procedure
and for the viability of the miracidia.

Egyptian strains of S. mansoni were obtained from
the US Naval Medical Research Unit No. 3 in Cairo
and from the WHO Project 49 near Alexandria.
The strains were maintained by use of B. alexandrina
as intermediate hosts. The faeces of albino mice that
had been exposed in the laboratory to schistosome
cercariae 2-3 months previously were used as a
source of schistosome eggs.

Experimental containers. Specimen tubes that
measured 4 cm in diameter and contained 10 ml of
water were used for infection experiments.

Batches of 25 exposed snails were maintained in
glass aquaria, 25 cm long by 18 cm wide and 21 cm
deep, containing gravel, sand and aquatic plants
(Sagittaria). It was found that snails survived well in

such containers. The snails were fed on scalded
oven-dried lettuce and Daphnia were added to keep
the water clean. Standard, filtered pond water was
used in all experiments. An illuminated, thermo-
statically regulated glass cabinet was used to keep
the water in the aquaria at a temperature between
26°C and 28°C.

Methods

Fresh mice faeces were macerated and sedimented
in 0.9% saline in the usual manner; hatching was
stimulated by a desk-lamp. Care was taken, if
faeces from several mice were used, that they were
well mixed. Only active miracidia less than 3 hours
hatched were used since the studies of Maldonado &
Acosta-Matienzo h have shown that the miracidia
can lose their infectivity after 3 hours.

Snails were individually exposed to 6 miracidia in
specimen tubes; as many batches of 25 snails from
each of the 6 localities as the number of miracidia
permitted were exposed on the same day. The
duration of contact between snails and miracidia
was 6 hours. In the same way, individual control
snails (B. pfeifferi) were exposed to 6 miracidia.
Under standard conditions, 12 exposures were

made with snails from 5 different colonies, and
6 exposures of snails from one, i.e., the " Cairo "
colony, which unfortunately died out. At the end of
the experiments, a simultaneous exposure was made
with batches of 50 snails from 5 colonies.
The water in the specimen tubes was maintained at

the same temperature (26°C-28°C), as the water
from which the snails were taken prior to the
exposure. Standen stated: "Snails are extremely
sensitive to sudden changes in their environment,
and the raising and lowering of the temperature can
determine whether they remain extended or retracted
within the shell". The same temperature was
maintained throughout the 60 days the snails were
examined for'cercariae. The aquaria containing the
exposed snails were examined daily after the twenty-
first day of the pre-patent period for the emergence
of cercariae. Snails were examined in bulk until the
first cercaria emerged, and individual snails were
washed in pond water to remove any cercariae.
When the first cercaria was seen, the snails were iso-
lated in specimen tubes and examined daily until the
release of cercariae ceased; afterwards they were

h Maldonado, J. F. & Acosta-Matienzo, J. (1948) Amer.
J. trop. Med., 28, 645.

i Standen, 0. D. (1949) Ann. trop. Med. Parasit., 43, 268.
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TABLE 2
VARIATION IN SUSCEPTIBILITY OF B. ALEXANDRINA POPULATIONS TO INFECTION WITH

A STRAIN OF S. MANSONI FROM CAIRO

No. No. No. Percentage Incub.ation No. INo. No. Percentage perbaiod
of snails of snails of snails of snails (eiday)a of snails of snails of snails of snails (eiday)a
exposed examined positive positive (days)8at exposed examined positive positive (days)8at

" Cairo " colony

25 25 25 100.0

25 22 21 95.5

25 21 20 95.2 22-28

75 68 66

25 23

25 25

25 21

25 24

25 20

25 17

25 14

25 24

25 21

25 22

250 f 211

" Qalyub " colony

13

15

15

18

11

10

7

10

10

13

j122J

250 1 230 45 19.6

23-3

26-38

" Suez " colony

25 23 10 46.1

25 21 4 19.0

25

25

25

25

25

25

25

25

250

25

25

25

25

25

25

25

25

25

25

250

25

25

25

25

25

25

25

25

25

25

250

" Suez " colony (continued)

22 8 36.4

23 4 17.4

22 5 22.7

25 6 24.0

19 7 36.8

20 8 40.0

20 8 40.0

25 14 56.0

220 [ 74 33.6

25

25

22

22

24

23

23

2!

29

21

233

"1lsmallya"1 colony

i2
0

*4

*3

0

4
4
0

3

13

1 23

" Alexandria " colony
25 3

25 2

24 3

25 3

25 2

25 2

23 2

21 1

23 1

22 2

238 1_21

8.0

0.0

18.2

13.6

0.0

17.4

17.4

0.0

13.0

14.3

9.9

12.0
8.0

12.5

12.0

8.0

8.0

8.7

4.8

4.3

9.1

8.8

22-35

26-39

24-36

97.0

56.5

60.0

71.4

75.0

55.0

58.8

50.0

41.7

47.6

59.1

57.8

" Nawa " colony

25

25

25

25

25

25

25

25

25

25

23

25

23

20

25

25

24

20

24

21

2

5

5

4

6

4

5

5

4

5

8.7

20.0

21.7

20.0

24.0

16.0

20.8

25.0

16.7

23.8
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TABLE 3
VARIATION IN SUSCEPTIBILITY OF B. ALEXANDRINA

POPULATIONS TO INFECTION WITH A STRAIN OF
S. MANSONI FROM ALEXANDRIA

No. of No. of No. of Percentage Incubation
snails snails snails of snails dexposed examined positive positive 260C - 8tC

"Cairo " colony
25 25 23 92.0

25 24 20 83.3

25 22 22 100 22-29

75 71 65 91.5

Qalyub " colony
25 21 15 71.4

25 24 13 54.2
25-33

50 45 28 62.8

Nawa " colony
25 25 3 12.0

25 25 8 32.0
25-39

50 50 11 22.0

"Suez " population
25 24 6 25.0

25 22 8 36.4
23-31

50 46 14 30.4

" Ismailiya " population
25 25 1 4.0

25 22 4 18.2
24-3

50 47 5 10.6

" Alexandria " population
25 25 0 0.0

25 23 3 13.0

50 48 3 6.3 24-37
50 48 3 6.3

examined in bulk twice a week. There was some mor-
tality ofsnails during the pre-patent isolation and dur-
ing the periods of observation. Only snails that died
after the twenty-first day of exposure were dissected
and examined for sporocysts, and were then included

in tabulations of the number of snails positive or
negative for infection. Snails which survived 60 days
without shedding cercariae were recorded as negative
for schistosome infection.

Results
The results of these experiments, summarized in

Tables 2 and 3, revealed that the " Cairo" colony
was highly susceptible to both strains of S. mansoni
from Cairo and Alexandria and an infection rate of
97.0% and 91.5%, respectively, was achieved.
Of the 5 remaining colonies, " Qalyub" and

"Suez" showed a high to moderate degree of
susceptibility with a mean infection rate of 60.3%
and 32.0%, respectively. The " Nawa " colony was
approximately one-third as susceptible as the
" Qalyub " colony with a mean infection rate of
20.8%.

Snails from the 4 colonies mentioned above proved
susceptible in various degrees in all the experiments.
In no instance was an obviously retarded infection
found; snails were either entirely negative or con-
tained cercariae.
There was only a slight difference in susceptibility

between the "Alexandria" and the "Ismailiya"
colonies, with a mean infection rate of 7.6% and
10.2%, respectively. The highest infection rates in
these 2 colonies was 13.0% for "Alexandria" and
18.2% for "Ismailiya " snails. One batch of
" Alexandria" snails in the experimental series
proved to be non-susceptible and 3 batches of the
" Ismailiya " colony were refractory, with a retarded
infectivity of 4.0 %.
The results from the simultaneous-exposure

experiments (Table 4), although the infection rate
was unusually high, followed the pattern of results
previously described. The " Ismailiya" colony
showed the highest infection rate (19.1 %) in all the
experiments. None of the " Alexandria " snails shed
cercariaeduring the60-dayperiod, andwhen theywere
dissected2.0 %were found to have retarded infections.
The mortality rate of snails during the develop-

ment period of the parasite was only slightly higher
among snail populations with higher infection rates.
The highly susceptible B. pfeifferi originating from

Southern Rhodesia served as controls. The mean
infection rate for the Cairo and Alexandria strains of
S. mansoni was 95.8% and 91.3 %, respectively.

Discussion and conclusions
From the results of the experiments described

above with B. alexandrina, the intermediate host of
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TABLE 4
RESULTS OF SIMULTANEOUS EXPOSURE OF BATCHES FROM LESS-SUSCEPTIBLE AND

HIGHLY SUSCEPTIBLE COLONIES OF B. ALEXANDRINA TO A STRAIN OF
S. MANSONI FROM CAIRO

1No. of snailsI No. of snails No. of snails1 Percentage Incubation
Colony of snails | exposed 'examined positive of snails period (days)

sitive at 26 0C-280C

B. pfeifferl from Sou-
thern Rhodesia
(controls) 50 46 42 91.3 22-30

" Qalyub" 50 48 32 66.7 24-32

" Nawa" 50 48 19 39.6 26-38

" Suez" 50 43 20 46.5 22-34

"Ismailiya" 50 47 9 19.1 25-39

"Alexandria" 50 50 0 0.0 0

S. mansoni in Egypt, it can be concluded that the
2 colonies originating from the surroundings of
Cairo and Qalyub were highly susceptible to infec-
tion. However, the same results were not achieved
with a colony of B. alexandrina received from Cairo
at the end of the study. A series of 3 experiments,
each consisting of 3 exposures of batches of 25 snails
to S. mansoni miracidia from Cairo, was carried out.
In the new colony, only 2 batches showed a moderate
susceptibility with an infection rate of 25.0% and
26.6%, respectively. None of the snails in the third
batch shed cercariae during the whole period of
observation, yet snails from the same district, used
previously in the main experiments, were highly
susceptible, the mean infection rate being 94.3%.
These results suggest that localized strains of snails
occur in Egypt. Cowper stated: f " the existence of
refractory and susceptible strains of B. alexandrina
in the Nile Valley has been suggested ".
The snails from Qalyub also proved to be highly

susceptible and the second-highest infection rate was
found in this colony. However, although the distance
from Nawa to Qalyub is short, the snail colonies
from Nawa had a low-to-moderate susceptibility,
approximately one-third as high as the colony from
Qalyub. Comparing the length of incubation period
in snails from Nawa with that in snails of the other
colonies, it was found to be unusually long-in some
experiments the last snails started to release cercariae
after 41 days.
From the results obtained (see Tables 2 and 3) it is

clear that the snail colonies originating from the
3 coastal towns showed great variations in suscepti-
bility to infection with S. mansoni. The " Suez"

colony showed moderate-to-high susceptibility; in
one experiment the infection rate was as high as
56.0%. Snails from this colony had a very short
incubation period and commenced shedding cercariae
at 22 days at a temperature between 26°C and 28°C.
The same short incubation period also occurred in
the " Cairo " colony, and the shedding period of
6 days was the shortest recorded in any of the
6 colonies. In none of the experiments was the
" Suez" colony refractory.
The results obtained from the " Alexandria" and

" Ismailiya " colonies were interesting. Both showed
a low rate of infection with a refractory tendency
which occurred twice in the " Alexandria " colony
and 3 times in the " Ismailiya" colony. The
" Alexandria " snails had the lowest mean infection
rate of 7.6% whereas the " Ismailiya " snails showed
a slightly higher infection rate of 10.3% in the
12 exposures. If the negative experiments are dis-
counted, the infection rate is slightly higher, i.e.,
9.1 % and 13.8 %, respectively. In both colonies, the
first shedding of cercariae occurred between the 24th
and 26th days, and the incubation period of some
snails was as long as 37 and 39 days, respectively.
The "Alexandria" and " Ismailiya" colonies,

which originally had a radula resembling that of the
typical B. alexandrina, showed considerably less
susceptibility than the other 4 colonies. It would be
of great interest to carry out a series of experimental
infections with typical B. alexandrina from the
coastal area of Alexandria.

There was no difference in the susceptibility of
snails when 2 strains of S. mansoni, from Alexandria
and Cairo, were used; the snail hosts proved equally
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susceptible (or refractory) to each. The intermediate
infection rates with only 2 exposures to the Alexan-
dria strain of S. mansoni are, although of interest,
probably not significant in expressing the gradations
in susceptibility, since only small numbers of snails
were used.
The conception of 2 strains of S. mansoni, as used

in this study, must be considered with reservation;
Saoud J stated that the limited distribution of the
parasite, together with great movements of human
populations in the Nile Delta, would be obstacles to
the separation necessary for the isolation and
development of distinct strains of the parasite.
The observations of Cram et al.b and De Witt k on

the possible reduction of the susceptibility of snails
after prolonged laboratory cultures are in conflict
with the findings of Saoud.' The results obtained
during the present work, and especially from the last
simultaneous exposure (Table 4) of 4 colonies of
snails with a prolonged laboratory life, of 7-8
generations, show that the infection rate was well
over the average for the 12 exposures previously
made, except for the refractory " Alexandria " snails.
It thus appears that the maintenance of B. alexan-
drina for an extended period under laboratory
conditions does not decrease the susceptibility of this
species. The writer has maintained B. pfeifferi (used
as control snails in the presently described experi-
ment) in the laboratory for a period of 4 years and
the snails are as highly susceptible now as in the first
generation.

Since it has been found that B. alexandrina is
partially refractory to infection with all strains of
S. mansoni other than the Egyptian, the writer has on

I Saoud, M. F. A. (1965) J. Helminth., 4, 363.
k De Witt, W. B. (1955) Exp. Parasit., 4, 271.

several occasions tried experimentally to infect
B. alexandrina from various parts of Egypt with a
Liberian strain of S. mansoni and succeeded in
attaining the low infection rate of 0.7%. Only
1 snail became positive after the exposure of 150
snails, out of which 135 were examined for cercariae.
B. alexandrina was also successfully infected with a
Tanzanian strain of S. mansoni; of 4 batches of
25 snails each, 1 snail became infected. It is of
interest to note that in both cases it was a B. alexan-
drina from Alexandria that became positive. How-
ever, B. alexandrina could not be infected with
S. mansoni from the West Indies.
From the data obtained in the present study, it

can be concluded that there is no correlation between
the degree of susceptibility of snails to infection
with S. mansoni and the distance separating the snail
populations. It is also concluded that B. alexandrina
was highly susceptible in one population only and
less susceptible, or partially refractory, in the other
populations.

It must be stressed that it was not possible to
pursue the investigations to the limit, and that the
results are described primarily as an incentive to
further studies which seem desirable. It would be
of interest to undertake a population survey of
B. alexandrina in the region concerned to obtain
information on susceptibility to infection and the
area of dispersion. Such a survey might show
whether the less-susceptible populations occupy
definite areas.

* *

My grateful thanks are due to Dr G. Mandahl-Barth,
Danish Bilharziasis Laboratory, who supplied informa-
tion on the snail material used in the experiments and
who criticized the manuscript.


