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in mine-workers on the Witwatersrand, where the possibility of reinfection
is completely ruled out, he obtained a 60% cure, using a total dose of
264 mg/kg administered over 12 days. In a further 22 cases receiving a
total dose of 225 mg/kg over 9 days a cure-rate of only 33 % was obtained.
King also notes toxic symptoms in 56.7% of a series of 37 cases treated.

Fuadin. Two hundred Africans living on a European farm were given
the usual recommended therapeutic dose of Fuadin by daily intramuscular
injection for a period of 10 days. The strictest possible control was exercised
over the patients and every effort was made to see that they came regularly
for their injections. However, at the end of 10 days only 35 patients out
of the original 200 had completed their course, and at the end of 12 days
a further 6 had completed the course.

In conclusion, it seems to be fairly evident that with the present drugs
available, mass treatment is of doubtful value in attempting to control
bilharziasis in South Africa.

A Possible Method of Schistosome-Vector Control
by Competition between Resistant and
Susceptible Strains
by BENGT HUBENDICK, D.Sc., Curator, State Museum of Natural History,
Stockholm, Sweden

Taxonomic knowledge of both partners in the schistosome-vector
complex is unsatisfactory. Several problems in the differentiation of species
and subspecies remain unsolved, and in many other cases the results are
doubtful. There is a need for new methods of species differentiation. Apart
from the various morphological methods, more use should be made of
breeding experiments; a, b and serological techniques, paper chromatography
and other special methods should be given a trial. It is vitally important
that answers should be found to the taxonomic problems, because control
measures have to be adapted to the biological and ecological properties
of the schistosomes and their vectors, and these are species-specific or even
strain-specific. It has been shown that inherited properties-biological as
well as morphological-can vary intra-specifically. Differences in the
distribution of certain genes in different populations have led to the evolution
of strains within the species. A strain of Australorbis glabratus found in
Puerto Rico is highly susceptible to Schistosoma mansoni, whereas a certain
Brazilian strain is refractory. By cross-breeding experiments with these
strains, Newton c showed that susceptibility to S. mansoni infection in

a Barbosa, F. S., Coelho, M. V. & Carneiro, E. (1956) Trans. roy. Soc. trop. Med. Hyg., 50, 296
b Paraense, W. L. (1956) Evolution, 10, 403
c Newton, W. L. (1953) Exp. Parasit., 2 242
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A. glabratus is a heritable character, and that several genetic factors are
probably involved. In a review published in 1955, Kuntz d discusses the
various strains or subspecies that occur within each of the schistosome
complexes or species-groups. In the same paper he also refers to the vector
complexes.

This intra-specific heterogeneity-i.e., the occurrence of genotypically
different strains-makes the study and control of the vector snails much
more complicated than if they were homogeneous, particularly as the dif-
ferences relate not only to morphological features but also to biological
and ecological characteristics. On the other hand, the occurrence of strains
refractory to certain schistosomes suggests the possibility of a new method
of biological control. This idea was first put forward in Paris in 1954 at
the meeting of the WHO Study-Group on Bilharzia Snail Vector Identifica-
tion and Classification. The general reaction was that the idea is immature,
but although this is true, it is felt that a critical examination of the principles
and possibilities of the method will serve a useful purpose.

During the last few years a considerable amount of information has
become available concerning the relationships between strains of vector
snails and strains of Schistosoma. More or less direct proof has been
provided by a number of authors that various strains of snails differ in their
susceptibility to infection by certain strains of Schistosoma, and that some
strains are completely refractory.c. e, f, g, h, i j, k As already mentioned,
Newton c has shown that susceptibility to schistosome infection is a heritable
character, probably involving a number of genetic factors. He has also
found that, in a refractory strain of A. glabratus, " the parasite is destroyed
and removed, usually within 24 to 48 hours after penetration. As a part
of this response, there is a marked infiltration around the parasite. A
fibrotic type of walling-off reaction also appears to be characteristic of this
response." i

As Belding ' has pointed out: "... a single miracidium may give rise to
tens of thousands of cercariae as a result of the 10- to 15-fold multiplication
of sporocysts in the tissues, and the long, continuous production of cercariae
by the secondary sporocysts. The parasites cause more or less injury to
the liver, sexual organs and other tissues, and frequently kill the snail."
According to Schreiber & Schubertm about half the infected A. glabratus
die within four weeks after the first shedding of cercariae. Coelho n found
that A. glabratus infected with S. mansoni laid a significantly smaller number
of eggs and egg masses than those that were uninfected. The hatchability
of eggs from infected snails was reduced, and up to ten days after hatching

d Kuntz, R. E. (1955) Amer. J. trop. Med. Hyg., 4, 383
e Files, V. S. & Cram, E. B. (1949) J. Parasit., 35, 555
fAbdel Malek, E. T. (1950) Amer. J. trop. Med. Hyg., 30, 887
g Files, V. S. (1951) Parasitology, 41, 264
h Hunter, G. W., Ritchie, L. S. & Otori, Y. (1952) J. Parasit., 38, 492
!Kuntz, R. E. (1952) Proc. helminth. Soc. Wash., 19, 9
i Newton, W. L. (1952) J. Parasit., 38, 362
k McQuay, R. M. (1953) Trans. roy. Soc. trop. Med. Hyg., 47, 56
1 Belding, D. L. (1952) Textbook of Clinical Parasitology, New York, p. 700
m Schreiber, F. G. & Schubert, M. (1949) J. Parasit., 35, 91
n Coelho, M. V. (1954) Publ. avulsas Inst. Aggeu Magalhdes, 3, 39
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the mortality rate was greater than that of offspring of uninfected parents.
Olivier et al.o found that when infected specimens of A. glabratus are
kept out of water, most of them die within 20 days, whereas uninfected
snails are able to survive desiccation for a long time. They also made the
important observation that infected snails which survive for more than
20 days lose their infection. Numerous similar reports are to be found in
the literature. It is therefore certain that trematode infection can shorten
the life-span of the vector snails and considerably reduce, or even com-
pletely destroy, their reproductive capacity.

If a susceptible and a refractory strain of host snail live together in
water infected with schistosomes, natural selection will favour the resistant
form and tend to make the susceptible form scarce. Consequently, a
resistant strain introduced into water containing a susceptible strain
of the same species should have a chance of displacing the latter. If cross-
fertilization occurs, the gene responsible for resistance can be expected
to displace its corresponding allele to some extent (cf. Paraense b). In the
case of self-fertilization, the effect of natural selection might possibly be
enhanced by combining genes for schistosome-resistance with genes
conferring other ecological advantages on one strain, e.g. resistance to
drought.

As a method of control, this is at present no more than a theoretical
possibility. Unfortunately the African and American vector snails of
human schistosomes are decidedly eurok, and competition is bound to be
much less efficient in eliminating a more or less eurok strain, which may
be able to survive in habitats quite unsuitable to a strain that is highly
specialized ecologically. The effectiveness of competition as a method of
control is also considerably diminished by the superabundance of food
which many habitats contain.

Complete elimination of the gene or genes responsible for susceptibility
is hardly possible, particularly if they are recessive, but the genes may
become so scarce that very little infection occurs. As soon as the water is
not supplied with new miracidia, selection between the susceptible and the
resistant strain ceases, and the susceptible strain may again be able to
build up a large population. Re-infection of the water will then take place
and may become serious until a renewed process of selection has once more
largely eliminated the susceptible strain. As long as the water is con-
tinuously supplied with miracidia, the selection process will operate.
Additional susceptibility to schistosomes that are not parasitic in man, or
to other trematode larvae, will decisively favour the selection process and
ensure that it continues even when the supply of human schistosomes has
ceased.

On a theoretical basis alone, it is hard to estimate what practical value
this selection method might have for eliminating snail vectors. Before a
more definite appraisal can be made, biological studies of the different
strains, and particularly of infected and uninfected snails, will have to be
undertaken. Most important of all would be a comparison of the rates of

0 Olivier, L., Barbosa, F. S. & Coelho, M. V. (1954) Publ. avulsas Inst. Aggeu Magalhaes, 3, 63
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reproduction. From the results obtained it would then be possible to
calculate the relative selection value of the different constituents of the
population. Thorough consideration would have to be given to the effect
of the selection value in connexion with other factors, such as environ-
mental conditions, mode of reproduction (cross-fertilization and self-
fertilization) and manner of inheritance of schistosome resistance, i.e.,
whether as a dominant or recessive character. If the method still seems to
offer possibilities when all this has been done, practical experiments should
be started.

Suitable refractory strains will have to be selected. Some guidance can
be obtained from the papers already mentioned. It will also be necessary
to select suitable localities with infected snails; a reasonably dense popula-
tion with a high infection rate seems to be the best starting point. The
refractory strain will have to be bred on a large scale, so that a population
of sufficient size can be provided. Obviously, precautions will have to be
taken against the introduction of another strain of Schistosoma. Develop-
ment in the habitat will have to be followed. If a refractory strain of snails
with an easily recognizable morphological characteristic, such as albinism,
could be found, this would make it much easier to check the progress of
the selection process (cf. Newton P and Paraense q).

P Newton, W. L. (1955) J. Parasit., 41, 526
q Paraense, W. L. (1955) Mem. Inst. Osw. Cruz, 53, 277


