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experiment c the partially dried culture was left for
several months before reculturing, and it is sug-
gested that when it is merely desired to maintain
a culture the sand could be dried out over a
period of four to six months and reculturing per-
formed about twice a year. It should be mentioned
that it is not yet known for certain whether the worms
can mature when continuously submerged, or if
partial desiccation is a stimulus to both mating and
oviposition.
The sand used in the culturing was taken from the

foot of the tree in a cavity of which the nematode
infection was discovered at Livingstone, Zambia.
This was a softwood tree, Ricinodendron rautenii.
The tree-hole was of large dimensions, being estim-
ated to hold about a bucket of water. Sand and dead
leaves constituted the debris at the bottom. It seemed
that during the dry season the sand was carried up
into the dried-out rot-hole and on to other parts of
the tree by termites. In the absence of this particular
sand, a fairly fine sand mixed with some broken-up
dead leaves or a little compost would probably be
the best substitute. But sand sifted through a sieve
of 210-,u openings proved to be quite unsuitable, as
the worms could not or would not burrow into it.

It is interesting to speculate on the biochemistry of
this nematode. As has been noted, a surplus of food
rich in vitamins, such as yeast or dog-biscuits, may
stimulate the larvae to pupate despite the presence
of the parasite. Questions which are considered to
merit investigation are: Does the parasite have

secretions which actually inhibit larval metamor-
phosis, or is such inhibition simply the result of
interference on the part of the mermithid with the
haemolymph of the host? The fact that on some
occasions at least immature worms are carried
through the pupal stage, emerging when fully grown
from the adult mosquito, may be a pointer to the
parasite's means of dispersal in nature.

Conclusions
Welch f and Weiser g have remarked on the

possibility that mermithid nematodes may prove of
real significance in the biological control of mosqui-
tos and other insect vectors of medical importance,
such as blackflies.h Furthermore, Weiser g em-
phasizes the necessity for mass culture of the pos-
sible control agent as a first step in the assessment of
its potentialities.

** *

I am grateful for facilities given me both at the South
African Institute for Medical Research, Johannesburg,
and at Bristol University, England, where culture experi-
ments were carried out in addition to those at Livingstone.
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Non-Ovicidal Molluscicides in the Control of Bilharziasis
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In the search for molluscicides, WL 8008 (N-
trityl morpholine) was found to be highly toxic to
adult snails, but for all practical purposes this
compound is non-ovicidal. We have therefore
examined the possibilities of using a non-ovicidal
compound in control measures.

The effect of multiple applications of a non-ovicidal
molluscicide
It is important to remember that it is the trans-

mission of bilharziasis that must be broken. Mol-
luscicidal applications, by killing the snail inter-

mediate hosts, interfere with the development of the
parasites from the miracidial to the cercarial stage
and are really aimed at preventing cercariae from
being shed into the water. Thus, although a single
application of a non-ovicidal compound might only
have a transient effect upon the adult snail popula-
tion, the young snails hatching out from the eggs
take some time to become infected with the parasite
and a further period of several weeks before they
start to shed cercariae into the water.
A series of single applications could therefore

break transmission of bilharziasis without necessarily
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reducing the snail populations to very low levels.
If m is the time in months between hatching and the

onset of shedding cercariae into the water, then -
m

is the maximum number of applications to be made
to prevent transmission throughout the year. In
practice, fewer applications might well be effective,
first, because important transmission is seasonal
in many epidemic areas, and second, because the
interval between applications probably could be
longer than m without allowing important cercarial
populations to build up in the water.

In many areas, such as Egypt and Southern
Rhodesia, snail breeding appears to be seasonal, and
there are periods when very few or no eggs are to be
found. Ovicidal activity is relatively unimportant
at these times.

Double applications of a non-ovicidal compound
There is evidence that the incubation period of

snail eggs is shorter than the interval between hatch-
ing and the onset of egg-laying. Two applications
of a non-ovicidal compound, separated by an interval
longer than the incubation period but shorter than
the period between hatching and the onset of egg-
laying, should therefore be as effective as a single
application of an ovicidal compound.

Continuous low-dosage applications
A non-ovicidal but otherwise highly active

compound could be effective if applied at low
dosage over long periods. Clearly, the costs of such
a technique would need to be examined very
closely, but it could lead to considerable economies
in labour and simplification of the problems of
application in irrigation systems and even in standing
water.

The use of mixtures
Just as WL 8008 is non-ovicidal but highly active

against adult snails, there are compounds which are
highly ovicidal but relatively ineffective against
adults. A mixture of two compounds, one highly
toxic to adults and the other to eggs, would then be
very effective at very low dosage.

Bait formulations
Non-ovicidal compounds also have possibilities

for use in a persistent bait upon which the snails
would feed. If such baits could be effective in the
field for a period of about four weeks, they would
kill both the adults present at the time of application

and the adults subsequently hatching from the eggs;
the lack of ovicidal activity would then be un-
important. It is of interest that WL 8008 is relatively
non-toxic to fish which eat it in bait form.

Discussion
If two compounds were equally toxic to adult

snails and equally costly, and if one of them were
also ovicidal, then the ovicidal compound would
evidently be preferred on the grounds that it is
capable of attacking the entire snail population and
delaying its numerical recovery. However, not the
least of the problems of controlling bilharziasis is
cost, and the use of a non-ovicidal compound would
be acceptable if it reduced over-all costs without
raising insuperable field problems.

Using Egypt as an example of an area where its
transmission almost certainly varies considerably
with the seasons, it is of interest to speculate on the
way WL 8008 might be used to control bilharziasis.
The accompanying table gives some fragmentary
data on snail populations and on the shedding of
cercariae in Egypt in 1962; no figures were available
for January and February, but these are cold months
and snail numbers are low. Very crudely, the cer-
carial population is proportional to the number of
snails shedding cercariae, i.e., to:
(snail counts) x (percentage of snails shedding cercariae).
There appears to be a notable peak in cercarial

population during June to September. Possibly 75%
of the man-water contact in Egypt takes place during
the months June to August. The figures in the
accompanying table suggest that perhaps 90% of
the human infections occur in June-August and
possibly 97%-98 % during the period June-Novem-
ber. Adequate control measures during this period
of six months might therefore break transmission of
the disease.

It is unrealistic to expect complete eradication of
snails in a single application ofmolluscicide. However,
an effective treatment in May, followed by a second
one in about September, would probably achieve
good control of transmission. These could be two
low-continuous-dose applications or two double
applications of a non-ovicidal compound; alterna-
tively, a double application of a non-ovicidal
compound in May, followed by a single application
in September when the egg population is low, might
give good results.

If the interval between hatching of snail eggs and
the onset of shedding of cercariae is effectively
about two months (and this is not an unrealistic
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SOME FRAGMENTARY DATA ON SNAIL POPULATIONS AND THEIR SHEDDING
OF CERCARIAE IN EGYPT IN 1962

% of snails
Month Snail counts shedding A x B Ax B expressed as

I (A) cercariae a percentage
~~~~~(B)_

January (-) (-) (200) (0.2)

February (-) (-) (200) (0.2)

March 2 000 0.10 200 0.2 1.5

April 4 000 0.13 520 0.6

May 2 000 0.13 260 0.3

June 5 000 2.01 10 050 12.4

July 19 000 0.93 17 670 21.7 54.2

August 16 000 1.02 16 320 20.1

September 11 000 1.01 11110 13.6

October 17 000 0.69 11 730 14.4 39.2

November 12 000 0.76 9120 11.2

December 7 000 0.59 4 130 5.1 5.1

81 510 100.0 100.0

estimate) single applications of a non-ovicidal
compound in May, July and September would
prevent transmission of cercariae during the peak
period, and the third application, made against a

snail population which is mostly if not entirely
adult, might reduce it to a very low level for the
rest of the year.

Conclusion

Although at first sight a non-ovicidal mollusci-
cidal compound might appear to be at a serious
disadvantage when compared with ovicidal mollusci-
cides, a more detailed study suggests that this need
not be true if the compound is much more toxic to
adults than the ovicidal material and not too expen-

sive. The use of such a compound would require a

better understanding of the bionomics of the snail
hosts and the epidemiology of bilharziasis, however,
and a somewhat different approach to field evalua-
tion. The following seven points have to be studied
in several well-chosen localities:

(a) the incubation of snail eggs;

(b) the period between hatching and the onset of
egg-laying;

(c) the period between hatching and the shedding
of cercariae;

(d) the effect upon snail populations of two appli-
cations of a non-ovicidal compound, made with an
interval between them which is long enough to allow
the hatching of all eggs initially present but too
short to allow any further egg-laying;

(e) the subsequent effect of a single application of a
non-ovicidal compound upon the cercarial popula-
tion;

(f) the effect of continuous low dosages on snail
populations;

(g) the effect of sustained regimes of application
such as were suggested for Egypt earlier in this note,
not only on snail populations but also on cercarial
populations and the transmission of bilharziasis.

Much of the information upon the epidemiological
situation in Egypt was collected during a very short visit
to Alexandria in June 1964, and I am very grateful to
Dr M. Farooq and the staff of the Egypt-49 project for
giving me access to their records and for discussing at
considerable length the possibilities of WL 8008.

Nearly all the ideas in this note have, of course, been
gathered from the work of others, notably Dr V. de
V. Clarke, Dr C. J. Shiff and Mr N. 0. Crossland.
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