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The Effect of Sublethal Doses
of a Molluscicide (Bayluscide) on the Development

of Schistosoma mansoni
in Biomphalaria sudanica tanganyicensis

R. F. STURROCK 1

The complete eradication of snails from waterbodies is rarely achieved with existing
molluscicides. This communication describes laboratory experiments- designed to show
whether snails surviving such treatment are still capable of transmitting Schistosoma
mansoni. The treatment, with Bayluscide, was given at various times during the develop-
ment of the infection. Snails that survived treatment were as susceptible to infection as
were untreated controls but, although the initial survival rate of infected snails was as good
as that of uninfected snails, their ultimate survival rate was poorer. Treatment had no
permanent effect on the development of the schistosome, although there is some evidence of
a delay in some cases. Infected snails may survive a field application of Bayluscide and
continue parasite transmission, and uninfected survivors are susceptible to infection. Thus,
while it nzay curtail transmission dramatically, the use of molluscicides will not eliminate
transmission in the absence of other measures to prevent infection of the surviving snails.

The use of molluscicides will remain the most
effective method of interrupting transmission of
bilharziasis until an efficient, safe and cheap drug is
developed for use in man. At present, however, it is
generally accepted that, with the molluscicides
currently in use, complete eradication of snail
populations is not possible in many habitats since,
for a variety of reasons, some proportion of these
populations will receive a sublethal dose. The
questions arise whether infected survivors can still
transmit bilharziasis and whether uninfected sur-
vivors are as susceptible to infection as the original
population. These points are examined in the two
experiments reported here.

MATERIALS AND METHODS

Biomphalaria sudanica tanganyicensis (Smith) were
used in these experiments and were bred and
maintained in trays in the laboratory as described by
McClelland (1964) but with their diet supplemented
by freshly boiled lettuce. Schistosoma mansoni
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miracidia were obtained by standard techniques
from local (Mwanza) schoolchildren for the infection
experiments in which snails were exposed individually
to 4 miracidia each. Cercarial outputs from 8.00
a.m. to 2.00 p.m. were counted at intervals during
the patent period by the filtration-staining tech-
nique used by Webbe (1962). Bayluscide was
administered as described by Webbe & Sturrock
(1964) at a level of 0.06 ppm for 24 hours to achieve
a killing rate of the order of 25 %. Snail deaths were
recorded daily throughout the experiment, and the
dead snails were removed from the culture trays.

In this paper, the term " treated " is used to
denote exposure to Bayluscide, and the term
" infected " to mean exposure to S. mansoni mira-
cidia, as described above.

RESULTS

Experiment 1

The snails were three months old at the start of the
experiment. Five groups of them were infected and,
of these, one group had been treated three days
before infection (pre-infection stage), one was
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treated 10 days after infection (early prepatent stage),
one was treated 20 days after infection (late pre-
patent stage) and one was treated 40 days after
infection (patent stage). The fifth group was not
treated (untreated group). Four groups of uninfected
snails were treated simultaneously with the infected
groups, while a fifth uninfected group was not
treated. Thus, ten groups in all were used, each of
which consisted initially of 50 snails.

In the untreated, the pre-infection and the patent
groups, the range of the prepatent period was 25-38
days; in the early prepatent group it was 25-42 days,
and in the late prepatent group it was 25-46 days.
On day 40, just before treatment of the patent
group, the numbers of snails shedding cercariae and
the numbers of survivors for the five groups of
50 snails in the order given above were respectively
17/27, 13/29, 11/25, 18/40 and 12/29. The infection
rate did not differ significantly from group to group

(X2=4.7; P>0.3). In the patent group, on day 43,
12 of the 27 survivors were still shedding cercariae.
At this time, therefore, the infection rate did not
differ from that seen immediately before treatment
(x2=0.03; P>0.8).
The mean cercarial outputs of the five infected

groups throughout the experiment are shown in

Table 1. The logarithms of these figures were
examined by the analysis of variance. There was a

rapid build-up in the over-all cercarial production to
a fluctuating peak level that dropped off significantly
over the last fortnight of the experiment. The total
cercarial production of the pre-infection and patent
groups was significantly higher than that of the
remaining groups (P <0.05), and that of the early
prepatent group was significantly lower than that of
all the other infected groups (P <0.05).

In order to examine the long-term influence on
survival of the various combinations of factors
(presence or absence of treatment and/or infection)
at the four stages of the infection, the numbers of
snails remaining alive in each group at each of 10
successive five-day periods after treatment were

expressed as percentages of the number of snails
remaining alive in that group at the time of treat-
ment. These data are shown as survival curves in
Fig. 1.
An analysis of variance was performed on these

data, transformed to angles. The main significant
points may be summarized as follows. At all four
stages of infection, there was an initial rapid drop in
the mean survival, but this drop slowed down be-
tween 15 and 20 days after treatment. This rapid fall

TABLE I
MEAN CERCARIAL OUTPUT PER SNAIL OF S. MANSONI AT INTERVALS THROUGHOUT THE PATENT PERIOD
OF FOUR GROUPS OF B. SUDANICA TANGANYICENSIS EXPOSED TO SUBLETHAL DOSES OF BAYLUSCIDE

AT DIFFERENT STAGES OF INFECTION, AND OF AN UNTREATED CONTROL GROUP

Time in days Stage of infection when snails were treated with Bayluscide
after exposure

Untreated Pre-infection Early prepatent Late prepatenttomircidia
contro saestage stage Patent stage Toa

29 178 912 50 309 138 1587

33 282 891 155 457 513 2298

38 182 617 562 891 631 2 883

42 355 1 413 339 741 741 3 589

47 93 1 202 89 355 813 2 552

52 398 1 349 436 338 661 3182

59 380 1 047 295 776 977 3 475

66 263 1514 174 407 2 042 4 400

73 199 912 32 331 1 778 3252

80 93 646 18 251 1 445 2 453

87 69 355 23 12 933 1 392

Total 2 492 10858 2173 4868 10672 31063
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FIG. I
SURVIVAL CURVES OF GROUPS OF B. SUDANICA TANGANYICENSIS TREATED WITH A SUBLETHAL DOSE

OF BAYLUSCIDE AT DIFFERENT STAGES OF INFECTION WITH S. MANSONIa

5 10 15 20 25 30 35 40 45 50 5 10 15 20 25

NUMBER OF DAYS AFTER TREATMENT WITH BAYLUSCIDE

30 35 40 45 50

wHo 60078

Snails exposed to infection and to Bayluscide.

*---4 Snails exposed to Bayluscide but not infected.

-o Snails with S. mansoni, untreated.

o----0 Snails without S. mansoni, untreated.

a The number of snails remaining alive at each time is expressed as a percentage of the number of snails alive at time of
reatment.

1001

279

w
a
c.,
-J

0C)
F-
LU.

c-

CLXx

U-0LUo
L

-J

U-

0

LU
I-

LU

C-)

o

LU

CD
-c

m

EARLY PREPATENT STAGE

- --O- --,%
% '11

%

5',~~~~%O --0

W ~~-41 a1
'--- - "a.As

t~~~~%06. "I-%

PATENT STAGE
I



R. F. STURROCK

TABLE 2
MEAN CERCARIAL OUTPUT PER SNAIL OF S, MANSONI AT INTERVALS THROUGHOUT
THE PATENT PERIOD OF TWO GROUPS OF B. SUDANICA TANGANYICENSIS, ONE EXPOSED

TO A SUBLETHAL DOSE OF BAYLUSCIDE PRIOR TO INFECTION,
THE OTHER NOT EXPOSED TO BAYLUSCIDE

Treatment Time in days after exposure to miracidia
with I__ _________ __ ________________ Total

Bayluscide 32 39 46 53 60 67 74 80 88 |95

Given 40 60 251 537 490 347 209 132 219 288 2 573

Not given 31 107 275 72 372 229 178 48 166 219 1 697

Total 71 167 526 609 862 576 387 180 385 507 4 270

in mean survival was due primarily to the high mor-

tality of the groups exposed both to treatment and
infection and to treatment alone, but infection alone
also produced mortality. The over-all survival rates
of the pre-infection and early prepatent stages were

similar, and both were higher than that seen in the
late prepatent stage, in which the mortality of the
treated and infected snails and of those that were

infected but not treated was especially high, but
lower than that of the patent stage, in which the
mortality of both the treated and the infected groups

was very low.

Experiment 2

This experiment was performed to assist in the
interpretation of the results of the first experiment,
particularly with regard to the origin of the miracidia
and to the effect of handling on uninfected snails.
Forty-four three-month-old snails that had survived
treatment with Bayluscide three days previously
were infected, together with another group of 44
untreated snails. These two groups correspond to the
untreated and pre-infection-stage groups in Experi-
ment 1. In addition, two more groups of 44 un-

untreated, unexposed snails were used; one group

being left untouched throughout the experiment,
the other receiving the same amount of handling as

the treated and infected snails.
The prepatent period for the infected but un-

treated group ranged from 32 to 46 days, that of the
treated group from 32 to 53 days. On post-treatment
day 40, 9 of the 34 survivors in the untreated group

and 9 of the 36 survivors in the treated group were

shedding cercariae. These rates do not differ
(X2=0.23; P>0.8). By the end of the experiment,
15 of the treated snails and 11 of the untreated
snails had shed cercariae.

The mean cercarial outputs of the two groups
throughout the experiment are shown in Table 2.
The logarithms of these figures were examined by
the analysis of variance. The build-up to peak
cercarial production was rather slower than in the
first experiment, and the drop-off towards the end of
the experiment was less marked. The total mean
cercarial production in the treated group was not
significantly higher than that of the untreated
group (P >0.05).
The number of snails remaining alive in each

group at intervals of 5 days after the time of infection
is shown in Fig. 2. Regression analysis showed the
four survival curves to be linear over the period of
the experiment. The curves of the handled and non-
handled control groups did not differ significantly
(P >0.05). Those of the two infected groups had
the same slope but, owing to a slightly higher initial
mortality in the untreated group, its mean survival
was slightly lower than that of the treated group
(P <0.05). Comparison of the curves of the infected
and treated group and the infected group with the
survival curve obtained from the pooled data of
the two uninfected control groups showed that the
curves of the two infected groups were steeper
(P <0.05) and their mean survival considerably
poorer (P <0.001) than that of the control.

DISCUSSION

In several cases in the first experiment, and in the
second experiment, the length of the prepatent
period of infected snails and the time taken to reach
peak cercarial production were rather greater among
snails that had been exposed to Bayluscide. This
retarding effect was not permanent, however, and
both the total number of snails that shed cercariae
and the infection rate at day 40 were, in several
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FIG. 2
SURVIVAL CURVES OF THE FOUR GROUPS OF B. SUDANICA TANGANYICENSIS IN EXPERIMENT 2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

DAYS AFTER EXPOSURE TO S. MANSONI MIRACIDIA
wil 60079

Snails with S. mansoni alone.

*---e Snails with S. mansoni, exposed to Bayluscide.

o-o Unhandled control.

o--- -o Handled control.

cases, higher in the treated than in the untreated
groups. Similarly, the total mean cercarial output
was higher in the treated than in the untreated
groups in all but one case.

However, in the first experiment, the snails treated
during pre-infection and patent stages were exposed
to miracidia from a source different from that used
for the other groups. While neither the length of
the prepatent period nor the infection rate appeared
to be affected by this difference, the cercarial output
of these two groups was considerably higher than
that of the remaining groups. Results with miracidia
from the same source for both infected groups in the
second experiment indicated that the cercarial output
was not influenced by treatment with Bayluscide.
Nevertheless, among the three groups exposed to
miracidia from the same source in the first experi-

ment, the cercarial output of the early prepatent
group was significantly depressed.
The slight differences in the pattern of cercarial

output in the first and second experiments are more

likely to be attributable to the lower temperature
during the latter experiment, causing an extension
of the prepatent period and a delay in the onset of
peak cercarial production, rather than to differences
between the viabilities of the miracidia. This tempera-
ture effect has been noted by Stirewalt (1954).
When considering the survival curves obtained in

the first experiment, it was realized that the un-

infected control groups had not been handled in
exactly the same manner as the infected and treated
groups and that, particularly during the patent
stage of the infection, this lack of handling may have
resulted in an artificially high survival rate among
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the control groups. However, this was not found to
be the case in the second experiment, in which
handling of the control groups did not result in an
increased mortality. Therefore, comparison of the
survival curves of all the groups in the first experi-
ment appears to be legitimate.

In the first experiment, there was little difference
between the survival of snails treated before infection
and that of treated but uninfected snails. Among
infected snails treated either early or late in the pre-
patent stage or during the patent stage, survival was
less than among uninfected groups treated at these
stages, heavy mortality occurring mainly at the end
of the prepatent and early in the patent stages. A
similar heavy mortality at this time was also ob-
served in infected, untreated groups, the over-all
survival of which, by the end of the 50-day observa-
tion period, was about the same as in the uninfected
groups exposed to Bayluscide.
The heavy mortality in the infected groups, with

or without treatment, appears to coincide with
the time when, according to Chernin (1964), the
secondary sporocysts have become established in the
ovotestis and digestive gland of the snail and are
beginning to produce cercariae. The disorganization
of the tissues and metabolism of the snail at this time
seems to place a strain on the host that proves lethal
to the less resilient snails. The added stress of
treatment with Bayluscide during and even well
before this stage increases this mortality still further.
This is particularly emphasized in the group treated
at the patent stage, where the kill among uninfected
snails was relatively poor, probably owing to the
resistance to the chemical developed by the snails
with age (Hopf & Muller, 1962; Webbe & Sturrock,
1964), while the ultimate kill among the infected
snails was much higher.

In relating these results to field conditions, it
appears that B. sudanica that survive sublethal doses
of Bayluscide will be as susceptible to infection as
snails that are not exposed to this molHuscicide.
Snails that harbour prepatent infections are not
initially more susceptible to Bayluscide than are
uninfected snails, but they will exhibit a delayed and
greater mortality during the late prepatent and early
patent stages. Snails with patent infections are also
more susceptible than uninfected snails, but it may
take several days for this to become apparent. There
is some evidence, in the slight prolongation of the
prepatent period and the delay in attaining peak
cercarial production, that sublethal doses of Baylus-
cide do interfere with the development of S. mansoni
infections. Presumably, the chemical does penetrate
the snail tissues, but it is not possible to say whether
it acts directly on the parasite or indirectly by dis-
turbing the physiology of the host, although the
latter explanation seems the more probable.
The possibility of using a chemical to rid snails of

schistosome infections has never been seriously con-
sidered, although it is conceivable that such a
chemical might be effective in much lower doses and
consequently be cheaper than the molluscicides
currently in use. To expect Bayluscide to act in
this manner may appear unfair, except that it is
toxic to both miracidia and cercariae (Webbe, 1961)
and it certainly appears to penetrate the tissues of the
snail. However, while these experiments suggest
that sublethal doses may slightly retard the develop-
ment of the parasite, doses sufficiently high to kill
it would probably exceed the lethal dose for the
snail (a situation not dissimilar to the use of anti-
mony in the human), and the molluscicidal action of
Bayluscide is its chief asset in the control of bilhar-
ziasis.
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RItSUM12

Des groupes de mollusques Biomphalaria sudanica tan-
ganyicensis ont e soumis au laboratoire a l'action de
doses subletales de Bayluscide, certains avant d'etre expo-
ses a l'infection par des miracidiums de Schistosoma man-

soni, d'autres, infectes, A divers stades de d,veloppement
du parasite.
En comparaison de l'evolution de l'infection dans un

groupe temoin non traite, on a constate, chez les mol-
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lusques traites, un retard du developpement du parasite,
marqu6 par I'allongement de la p6riode d'infection
latente et I'apparition plus tardive des emissions cerca-
riennes maximales. Au 4Oe jour cependant, le taux d'in-
fection des mollusques traites etait, dans plusieurs cas,
superieur 'a celui du groupe t6moin. L'emission cerca-
rienne globale moyenne etait egalement plus importante,
sauf dans un cas, chez les mollusques traites que chez les
non traites.
La survie des mollusques exposes au Bayluscide avant

l'infection a e tres proche de celle de leurs homologues
traites mais non infectes. Chez les mollusques traites apres
l'exposition aux miracidiums, la mortalite la plus elev6e

a ete observ6e a la fin de la periode d'infection latente et
au debut de la periode d'infection d%clar6e, le moment
choisi pour I'application du molluscicide n'ayant par
ailleurs aucune influence.

11 semble que sur le terrain les mollusques en etat d'in-
fection latente ou aver6e resistent egalement aux doses de
molluscicides, lorsque ces dernieres sont impuissantes a
detruire les mollusques non infectes, et continuent a trans-
mettre l'inf ction. Les mollusques non parasites qui sur-
vivent a I'application de doses insuffisantes sont tout aussi
receptifs A l'infection par S. mansoni que les mollusques
non traites.
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