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THE TSETSE AS A VECTOR OF DISEASE

Human trypanosomiasis is found only in areas where tsetse are known to exist,
and it is at present considered improbable that the disease can be transmitted
by any other means. Researches have, however, established that in certain areas
—for example, in Northern Rhodesia and Nyasaland—animal trypanosomiasis
can be transmitted, though never originated, by other biting flies. If a biting
fly, feeding on an infected animal, is interrupted in its feed by, say, the swish
of the beast's tail, it may alight on an adjacent healthy animal and plunge its
still wet proboscis into it, thus transmitting the parasite directly, or mechanically,
without the latter having undergone any change or development. The tsetse
is nevertheless by far the most dangerous vector, since it is the only insect
which is capable of cyclical, as opposed to direct, transmission of trypanosomes.

In order to infect man or a domestic animal, the tsetse must first become
infected itself. One of the main reservoirs of infective trypanosomes, especially
of those which infect domestic animals, exists in wild animals, which form the
first choice of food for some of the most prevalent species of tsetse and which
harbour trypanosomes, frequently without themselves being affected.

Inside the fly a trypanosome undergoes a cycle of development lasting about
three weeks, after which the fly becomes infective to other hosts upon which
it feeds, and remains infective for the rest of its life, which may last as long
as six months, but is generally very much shorter, commonly three to six weeks.

The exact relationship of the infected tsetse to disease is determined by a
number of factors, the principal being the habits of the particular species of
tsetse and the characteristics of the particular species of trypanosome with
which it is infected. While, so far as is known, most species of tsetse are
prepared to feed on cattle, either from choice or in the absence of other
suitable food, in fact, only a small number of species, whose habits are such
as to bring them into contact with man and his domestic animals, are important
as vectors of disease. They fall into two main groups: the riverine tsetse
(typified by Glossina palpalis and Glossina tachinoides), which live and breed
in the vegetation fringes of streams, rivers and lakes; and the woodland, or
game, tsetse (typified by Glossina morsitans), which inhabit savannah woodland
through which they range widely in search of food. Wild animals frequenting
the habitat provide hosts for tsetse of this group. A third group, the forest
tsetse (typified by Glossina fusca), inhabit deep forest and have little contact
with man, but it has recently been proved that they can carry the trypanosomes
which infect cattle. In general the woodland tsetse inhabit country where human
population is sparse, and the likelihood of sleeping sickness being derived from
the bite of infected woodland tsetse is therefore relatively small, although in
East Africa the woodland tsetse is responsible for a fair number of cases.
Riverine tsetse, on the other hand, infest sources of water used by people
going about their ordinary lives, and sleeping sickness is a very real danger in
areas where contact exists between the two.

Tsetse are sometimes infected with two or more species of trypanosomes,
one of which may be transmissible to man, while the other may be transmissible
only to stock. Some kinds of tsetse appear to be infected only with trypano-
somes which affect animals, while others may, in circumstances not yet clearly
understood, occasionally become infected with trypanosomes dangerous to man,

The trypanosomes which cause disease are injected by the tsetse into the
bloodstream of the host while the insect is feeding. The species which infect
man eventually find their way into the nervous system if the infection is of
sufficiently long duration, and it is at that stage that they produce the symptoms
of wasting and intense lethargy which are characteristic of sleeping sickness;
death may, however, occur before these classical symptoms develop. Many of
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METHODS OF CONTROLLING TRYPANOSOMIASIS

Since trypanosomiasis is caused by a specific parasitic organism, the trypanosome,
which is transmitted by a specific vector, the tsetse fly, any means of controlling
either the parasite or the vector will achieve control of the disease. The
prevention of contact between the vector and its animal or human host will
also achieve control. Normally all these approaches are now used. Until
comparatively recent times, however, the only effective means of control was
through control of the tsetse. This remains, particularly since the development
of modern insecticides, a most effective means of control.

Control of the Tsetse

Methods of tsetse control are for the most part an attempt to exploit the
existing knowledge of the biology of the fly, and as that knowledge has in-
creased, new methods have been adopted. Total extermination over even a
limited area is very costly and extremely difficult by any known method, and
in practice the choice of method must often be determined by cost and the
availability of suitable labour, Moreover, the control of tsetse is not an end
in itself. Tt is but one step in the reclamation of land for man and his
domestic animals. The potential value of the land and the costs of other
necessary measures such as pasture improvement, water conservation, road
building, and even medical and educational facilities for an incoming popula-
tion, must be taken into account.

Apart from cost, practical considerations influence the choice of control
measures. Relevant factors are the species of tsetse, the nature of the sur-
roundings and of the climate, the size of the infested area, and whether the
infection is mainly medical or mainly veterinary.

Methods of tsetse control at present in use include the direct attack on the
fly, principally with insecticides, and indirect methods which seek to make the
environment unsuitable for the fly, for example, by clearing the bush which
forms its habitat, by controlling the game which forms its food, or by human
settlement, which changes the ecology of the environment. In practice most
countries employ a combination of two or more methods.

Methods Directed Against Vegetation

Among the first scientific facts to be established about the tsetse were its
need of shade and its preference for certain types of vegetation. These facts
were the basis of the earliest form of attack on the tsetse fly—that of bush
clearing. This method has been used in almost all tsetse-infected countries.
With increasing knowledge of the tsetse’s habits, methods of clearing have
developed from the ruthless clearing of all vegetation in a given area to the
discriminative or selective clearance of only those parts of the vegetation known
to be essential to the flies.

In West Africa the riverine tsetse have been the main object of attack. A
close study of these tsetse enabled entomologists to define within narrow limits
their climatic requirements during certain seasons, and to alter the environment
adversely by partial clearing of the vegetation along the banks of rivers, and
particularly at fords, crossings, village approaches and wherever people are
likely to congregate. In Northern Nigeria this method has been used on a
large scale since 1938. For example, in 1950-58 more than 3,000 miles of riverine
vegetation were cleared in the provinces of Zaria, Katsina and Kano, and in
Benue Province the rivers were treated in an area of 600 square miles. But
bush clearing, in Nigeria, is now giving way to other, less costly, methods or
is being used in association with insecticides to prepare the way for the latter.
Elsewhere in West Africa, owing to the high cost of labour, this method has
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project to test and demonstrate the feasibility of 'settled’ ranching in a relatively
good cattle-grazing area normally grazed in a nomadic fashion.

Game Control

Since certain species of tsetse commonly feed on game, the fly may be
attacked indirectly by attacking or driving away these host animals. Fencing
may be erected, as has been done, for example, in Northern Rhodesia, to
maintain a game-free zone between the fly-belt and the farming area. Large-
scale successes have been achieved by game control in Southern Rhodesia and
Uganda. For example, in Uganda, where there were extensive advances by
two species of woodland tsetse in the 1930s and early 1940s, the Department
of Tsetse Control had by the end of 1957 freed more than 7,000 square miles
of country as a result of a major programme to halt the advances, to reclaim
the newly invaded country—mainly by game elimination—and to prevent its
reinfestation. Game control is not always easy to apply, however, and in
general is not willingly resorted to unless there appears to be clear evidence,
not only that it will be practicable, but that there is no practical alternative.
In any case it is generally recognised that it should be used only within the
framework of an over-all land-use policy.

Control by Insecticides

One of the major developments of recent years has been the synthesis and
use of modern insecticides, principally DDT (dichloro-diphenyl-trichlorethane)
and Dieldrin, which are either applied to objects on which tsetse will rest or
broadcast over an area. The use of insecticides, already far cheaper in most
conditions than clearing wvegetation, is likely to become cheaper still as
experience is gained and the scale of operations expanded.

Where the fly has a restricted habitat, either seasonally or continuously,
success has already been achieved on a fairly large scale. In Northern Nigeria,
for example, a number of schemes have been carried out with success against
the riverine tsetse . palpalis and G. tachinoides. Under one of these schemes,
in South Zaria, 400 miles of rivers and streams have been reclaimed from
(. palpalis. Elsewhere in Northern Nigeria use has been made of the fact that
towards the northern end of its range, the normally far-ranging woodland tsetse,
G. morsitans, is seasonally restricted by dryness of conditions to evergreen
vegetation. One scheme, started in 1956, has provided 350 square miles of
tsetse-free grazing along the flood plains and adjoining uplands of the Koma-
dugu Gana river. In Kenya, Uganda and Tanganyika the principal carrier of
human sleeping sickness G. palpalis is being successfully combated by a
method of insecticidal control developed by the East African Trypanosomiasis
Control Organisation (see p. 16). In Kenya, by 1960, more than 2,000 square
miles had been freed of this fly.

Immense problems remain to be solved before the far-ranging woodland
species of East and Central Africa can be exterminated over large areas, though
large-scale trials with insecticides are being carried out. In this region the use
of aircraft for the application of insecticides has obvious advantages, but is
expensive.

One potential drawback to the use of insecticides is that once the effect of
the insecticide has worn off, the treated area is again one in which tsetse
can survive and multiply and it may be reinvaded from the periphery or from
a small area accidentally left untreated.

Much work is at present directed towards refinement of techniques of
insecticidal control. The careful study of the resting sites of the fly may, for
example, reveal these to be limited in extent. An immense economy in effort
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in 1939 an identical compound, named Antrypol, was synthesised by British
scientists in the laboratories of Imperial Chemical Industries. It is still used
to a considerable extent, alone or in conjunction with other drugs, in the
treatment of human trypanosomiasis, particularly in its early stages.

Tryparsamide, developed by American scientists at the Rockefeller Institute
in New York in the 1930s, was found to be effective against the Gambian
infections, especially late cases; it is often used in conjunction with Antrypol.

Shortly before the war a new series of drugs, the diamidines, was produced
in the United Kingdom, and one of the series, Pentamidine, synthesised by May
and Baker, is now the most widely used drug for treatment in the early stages
of the disease and for prophylaxis.

Among newer drugs which are being used with some success are Melarsen
and its related compound Mel B (Arsobal or melarsoprol), both produced by
Dr. Friedheim of New York. Mel B has become the drug of choice for late
cases of Rhodesian infection, where the central nervous system is involved. A
high proportion of cures has been achieved among these late cases, which
were hitherto considered incurable. Mel B has also been used for the treatment
of Gambian infections and has produced a significant percentage of cures in
cases which were resistant to Tryparsamide. A single dose has been used
successfully for the cure of early cases, but because of its toxicity it is generally
administered only in hospital and under medical supervision.

Mass Diagnosis and Treatment

In most of the countries where sleeping sickness is a problem, the disease
has been controlled for a number of years by a system of mass surveys and
treatment first developed by a Frenchman, Dr. Jamot. Mobile teams of
Africans, trained in precise methods of diagnosis, aim at a regular examination
of the whole population in the affected zones. These surveys permit infected
persons to be treated, either by the teams or in local hospitals or dispensaries,
and also furnish valuable epidemiological information on which other control
measures can be based.

Throughout the area affected by the Gambian form of sleeping sickness, mass
surveys and treatment have helped to bring about a spectacular decrease in the
incidence of the disease over the last 15 years, though its reduction below its
present level remains a problem, and precautions cannot safely be relaxed.

In Northern Nigeria, for example, as a result of the activities of the mobile
teams of the Sleeping Sickness Service and clearances directed against the
riverine tsetse, the total number of new cases of sleeping sickness found has
fallen from 85,000 in 1935 (from among 400,000 examined) to under 4,000 in
1960 (from among 1,600,000 people examined). Over one million people are
examined each year by the mobile teams alone, and patients are also treated
at sleeping sickness dispensaries, Native Administration dispensaries, and
general hospitals. The drugs normally used are Antrypol in conjunction with
Tryparsamide or Pentamidine in conjunction with Tryparsamide. In Ghana,
where the disease is kept under control by Medical Field Units, large-scale
surveys and mass treatment with Pentamidine supplemented by anti-tsetse
measures have helped to reduce the incidence from 6,800 new cases in 1939,
at the height of a serious epidemic, to around 2,000 in 1948 and to only 830
in 1958. In Sierra Leone an energetic campaign by mass diagnosis and treat-
ment brought to an end a serious epidemic that occurred in 1939 in the eastern
part of the country. The incidence of the disease has since decreased to such
an extent that mobile survey teams have been disbanded. Only 26 new cases
were reported in 1958, In Uganda sleeping sickness has been greatly reduced
by a combination of mass surveys and treatment and an insecticidal attack on
the vector, G. palpalis.
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The British drug, Antrycide, synthesised in the laboratories of Imperial
Chemical Industries, was the first drug to have, in greater measure than any
existing drug, the principal properties for which research workers were looking.
It was tried out with success in 1948—the readily soluble Antrycide methyl-
sulphate as a curative drug and the less readily absorbed Antrycide prosalt for
prophylaxis. Antrycide methylsulphate has since been used in the treatment of
several million cattle with excellent results, though with slightly less success
in T. vivax cases than with T, congolense, and its value as a curative drug is
well recognised. It is used, for example, to treat 250,000 cattle annually in
Uganda and some 70,000 in Southern Rhodesia. In Nyasaland it is being used
to limit the effects of trypanosomiasis transmission by biting flies. Antrycide
prosalt, injected at two-monthly intervals, has been extensively used to protect
cattle in the presence of fly, not only as a practical measure of control but
also as the standard of comparison in the trial of newer prophylactics. In
Uganda 16,000 head of cattle are living inside the tsetse belt under protection
with this drug. Special uses have been to protect cattle passing through fly-
infested country and to protect cattle moved into a tsetse area to resettle it.
Neither form is toxic if used in the right dosage. There is, however, a tendency
in some areas for trypanosomes to emerge which are resistant to Antrycide,
and there is as yet no ‘sanative’ on the market which can be used to cure this
resistance.

Studies of the phenanthridines, a series of drugs which British scientists had
discovered before the war to be active against T. congolense, led to the testing
of a very considerable number of compounds in the laboratories of British
pharmaceutical firms and to the further testing of a number in the field. One,
Homidium (Boots Pure Drug Company), has proved to be a curative drug of
great value; in Northern Nigeria cattle are treated with this drug and Antrycide
equally, and it is the principal drug being used in Kenya in the current research
into the control of drug-resistance (see p. 13), 2 change being made to the
German drug, Berenil, when resistance occurs. Another, Prothidium (Boots
Pure Drug Company), shows considerable promise as a prophylactic particularly
in East African conditions; a prophylactic procedure being tested in Kenya is .
to inject Prothidium at four- or five-monthly intervals, with the curative drug
Berenil interposed whenever resistance is suspected. Metamidium (May and
Baker), a phenanthridinium compound not yet on the market, shows con-
siderable promise as a curative drug, and it seems that it may be useful as a
‘sanative’ where resistance to Antrycide or Prothidium has developed.

Berenil, which has been tried out in the last few years, has been found to
have many attractive features as a curative drug. One is that it appears to be
the drug least prone to cross-resistance. It has thus come to be regarded as an
invaluable drug to be kept in reserve for the elimination of strains which have
become resistant to other drugs, though it appears that it may be less effective
in West Africa than elsewhere.

The relatively insoluble complexes of suramin with various trypanocidal
drugs, developed at the West African Institute for Trypanosomiasis Research
(see p. 17), have given long periods of protection in field trials, but severe
swellings and other reactions at the site of the injection are a problem which
has yet to be overcome. These complexes are among the newer drugs which
are being tried out as prophylactics.

Immunisation

The prevention of any disease by the use of drugs becomes a second-best if
it is possible to stimulate natural resistance by an inoculation which produces
active immunity. This goal has not yet been achieved for trypanosomiasis in
man and his domestic animals, but much fundamental research in the science
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to the far-ranging woodland tsetse, a substance which attracts the fly to deposits
of insecticide has been discovered and developed.

Research by the Uganda Department of Tsetse Control has included investi-
gations into the use of insecticides and new formulations of drugs, and trials to
see if Dieldrin can safely be sprayed on cattle in order to mop up residual
pockets of tsetse not eliminated by game control measures.

In Tanganyika large-scale trials of insecticides have recently been carried
out and research has also included the investigation of tsetse breeding sites, the
use of traps scented with animal extracts and trials of new drugs.

The Tropical (formerly Colonial) Pesticides Research Unit, Tanganyika, which
is under the aegis of the Colonial Pesticides Research Committee in Britain,
carries out research with insecticides against many kinds of insect pests, in-
cluding much valuable work on tsetse. For example, the unit developed the
method now used in Kenya, Tanganyika and Uganda to control the riverine
tsetse, GG, palpalis. More recently, experimental spraying from the air on an
11 square mile block of savannah woodland in Tanganyika, using one pint
of 2} per cent Dieldrin per acre, has reduced catches of G. morsitans and
G. pallidipes by 99-5 per cent, though the cost is still about £300 per square
mile. The unit also experiments with arboricides which might be of use in
making tsetse clearings or in suppressing regeneration.

Research in Britain

British Colonial Development and Welfare grants for trypanosomiasis
research were until recently disbursed mainly in support of the trypanosomiasis
research organisations in the British territories in Africa. While this policy is
being continued as far as political changes in Africa permit, the Tsetse Fly
and Trypanosomiasis Committee, in its report for 1958-59, said it had noted
many instances where it would seem that the advances in knowledge in some
aspects of the trypanosomiasis problem had reached the stage where resources
available in Britain to tackle such problems could usefully be exploited to a
greater extent. With the development of rapid communications, collaborative
studies could be undertaken between workers in Britain and in Africa. In
particular, a great deal could be done, and indeed has been done, along these
lines in the development and testing of curative and prophylactic drugs. It
was suggested that the encouragement of research into the fundamental prob-
lems at a chain of research centres in Britain would be a useful means of
rendering continued scientific assistance in this field to the emergent territories.
With this in view a working party was set up towards the end of 1959 to
encourage research of this kind and to keep it under review.

An example of current research is the work at Liverpool University under
Professor R. M. Gordon on the development of the infection in the mammalian
host from the time of biting of the tsetse fly and the maintenance of the different
forms of trypanosomes in culture. At the National Institute for Medical
Research work is being carried out on the resistance of trypanosomes to drugs
—how it develops and how it can be detected and measured in the field.
Another example of current research is the study of immunology, to which
an invaluable contribution has already been made by Dr. B. Weitz at the Lister
Institute of Preventive Medicine. Earlier research at this Institute by Dr. Weitz
led to the development of a technique through which the institute has been
able to assist the research organisations in Africa by identifying the blood
meals in tsetse flies, and thus the animals on which they have fed.

International Co-operation
Since the tsetse fly menace is common to all countries of tropical Africa,
international co-operation in research and in the exchange of information has

a tole to play in combating it.
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