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New Concepts in the Epidemiology of
Rhodesian Sleeping Sickness

R. J. ONYANGO1

The results from recent studies of a number of outbreaks of T. rhodesiense sleeping
sickness have enabled workers in this field to reconsider the epidemiology of the disease.

The known limits of the distribution of the disease are defined and its extension to
2 new areas in Teso district, Uganda, and to the south-western district of Ethiopia are
reported. Human reaction to the T. rhodesiense infection is discussed in detail and the
importance of healthy carriers is emphasized. The old belief that transmission of the
disease is restricted to Glossina of the morsitans group is discounted, as recent evidence
shows that G. fuscipes is an equally efficient transmitter. The susceptibility of Glossina
to infection with T. rhodesiense and the factors which play a role in the transmissibility
of the parasite to animal hosts are outlined.

The economic, social, and climatic factors which operate to increase man-fly contact
in various endemic areas are described and the ecological relationship of the 3 components
of the host-vector-parasite complex is reviewed. The fact that Rhodesian sleeping sickness
is a zoonosis is stressed, and the role of the movements ofman, game and domestic animals
in spreading the infection is discussed. The need for further study of the recent epidemic
in Ethiopia is urged as it seems likely to provide further new information. The merits of
the immunological approach to the control of the disease in both man and his beasts is
discussed, but at present this appears to be impracticable.

Rhodesian sleeping sickness as distinct from
Gambian sleeping sickness occurs, at the southern-
most limit of its distribution, in the north-western
districts of Botswana (the Ngamiland and Chobe
districts) at latitude 20°S; in Mozambique and north-
east parts of Southern Rhodesia on the banks of the
Zambezi River; in the northern and north-western
provinces and in the Luanga Valley of Zambia;
throughout the mainland of Tanzania in the tsetse
belts; in Ruanda and Burundi; in Kenya and
Uganda along the north-eastern shores of Lake
Victoria and in the Kioga basin in the Teso district;
and in Ethiopia in the south-western province in the
area around Gambela. The last-named constitutes
the northernmost limit of the distribution of Rhode-
sian sleeping sickness at latitude 8°N. In this
geographical area which encompasses Central and
Eastern Africa, the disease exists in scattered foci.

1 Director, East African Trypanosomiasis Research
Organization, Tororo, Uganda, East Africa.

The causal agent of Rhodesian sleeping sickness,
Trypanosoma rhodesiense, was first isolated from
man in Rhodesia and Nyasaland in 1908. From the
study of its morphology and virulence in rodents it
was differentiated from T. gambiense by Stephens &
Fanthan (1910). Kinghorn & Yorke (1913) showed
that T. rhodesiense was cyclically transmitted by
Glossina morsitans. T. gambiense, which was dis-
covered about a decade earlier (Forde, 1902), had
been proved to be responsible for sleeping sickness
seen among natives from West Africa in the eight-
eenth and nineteenth centuries and had also been
seen among natives from West Africa in the eigh-
teenth and nineteenth centuries and had also been
proved to be the etiological agent in the devastating
epidemic in Uganda at the turn of this century.
During the Uganda epidemic referred to, T. gam-
biense was again found to be transmitted by G. pal-
palis as in Western Africa. Since these early dis-
coveries and until recently, the 2 infective trypano-
somes have been distinguished by their respective
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vectors; T. rhodensiense being transmitted by
G. morsitans only, whereas T. gambiense was carried
solely by G. palpalis. Other distinguishing charac-
teristics observed were that T. rhodensiense caused
virulent infection in rodents with very high parasit-
aemia whereas T. gambiense caused only slight and
fleeting infections and a good proportion of the
parasites in rodents infected with T. rhodesiense have
their nuclei in the posterior end of their bodies. The
presence of T. brucei, an organism morphologically
indistinguishable from T. rhodesiense, in areas where
T. rhodesiense had been isolated, complicated the
picture except that subsequent study of T. brucei
(the causal organism of nagana in cattle) showed
without doubt that it was not infective to man
(Kleine & Eckhart, 1913). The ease with which
T. rhodesiense and T. brucei infected not only small
but big game animals and were tolerated by some
species of the latter (Willett & Fairbairn, 1955)
induced early workers to conclude that in the
epidemiology of both diseases, game animals were
playing an important role. The isolation of T. rhode-
siense from a bushbuck (Heisch, MacMahon &
Manson-Bahr, 1958) provided incontrovertible evi-
dence of this in regard to Rhodesian sleeping
sickness. For many years the basic concept accepted
was that Rhodesian sleeping sickness could only be
cyclically transmitted by tsetse of the morsitans
group and not by tsetse of any other group. Man
became infected by coming into contact with the
infected fly in its habitat. Since game acted as
reservoir, the local conclusion was that the disease
was maintained in that habitat by transmission
between tsetse and game both of which share the
same environment. As a result of this concept,
measures aimed at the control of Rhodesian sleeping
sickness were for some time directed at breaking the
fly-man and fly-game contacts by organizing human
settlement far removed from the fly belts, by con-
trolling visits to the infested areas, and by selective
slaughter of game.

Subsequent investigations of the epidemiological
factors in the epidemics that followed, the closer
study of the ecology of the disease in endemic areas,
and in particular the study of host-parasite relation-
ships in the past decade or so, have enabled workers
in this field to invoke newer concepts in the light of
the additional knowledge gained. It is the intention
of the author to discuss in this paper these new
concepts mentioning in passing important findings
in recent investigations which have been undertaken
in the various endemic areas and during 1 or 2

epidemics. The recent advances in the knowledge of
the host-parasite-vector relationship will also be
outlined briefly.

THE TRYPANOSOME IN MAN AND ANIMAL HOST

T. rhodesiense usually causes in man an acute illness
which in its typical form progresses rapidly, appears
to involve the central nervous system in a matter of
weeks and causes death in untreated patients in a
matter of 3-9 months (Willett, 1955). Fever in early
infection tends to run a remittent course which
recurs at about weekly intervals. Peaks of parasit-
aemia seem to occur at times when fever is highest
(Ross & Thomson, 1910; Onyango & de Raadt,
1964). Atypical infections may be mild and the
clinical picture may resemble that of typical T. gam-
biense sleeping sickness. These atypical infections
are few and far between. Yet in a few instances the
patient may be infected and have trypanosomes
circulating in the blood without symptoms (Blair,
1939; Bailey & Ineichen, 1966). Surveys carried out
in endemic areas in recent years have shown that a
further proportion of people, usually up to 10 %, has
antibodies specific to trypanosomiasis as determined
by the immunofluorescent (IF) test.
The subclinical cases which remain symptomless

may be regarded as ambulant carriers as they may
act as a source of infection to the fly vector. These
healthy carriers were first found in Rhodesia and
described by Blair (1939); recently Gelfand (personal
communication, 1968) has shown that this state is
still being seen in endemic foci in Rhodesia. In
Uganda, Hopwood (personal communication), the
District Medical Officer, Busoga, retnembers seeing
a female carrier during the 1940-44 epidemic, and
recently 2 patients whose clinical state would be
classified as carrier have also been seen. One was
seen by the author in 1965. The man remained
symptomless for 2 weeks after admission and before
treatment was administered. Another was found in
Bugoto village which is situated in the Rhodesian
sleeping sickness endemic area of South Busoga,
Uganda, by Bailey & Ineichen (1966). This man was
found to be parasitaemic but was otherwise in good
health. On examining the records of sleeping-
sickness cases it was noted that most of the cases
notified 6 months before the discovery of this patient
were alleged to have become ill after visiting the
same village to buy fish. After treatment of the
patient it was observed that during the next 6 months
no further person reported an infection associated
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with a visit to this village. It appeared that this man
may have been the source of infection until he was
treated.

Although infection does not confer solid immunity
in Rhodesian sleeping sickness as evidenced by the
finding of reinfected cases, it would appear that
there are a few individuals who get bitten by infected
flies but do not develop symptoms though they may
display signs of relative immunity. This acquired
immunity may be explained on the basis of continued
exposure not only to doses of T. rhodesiense too
small to cause overt infection but also to other
non-infective trypanosomes such as T. brucei,
T. vivax and T. congolense. These may stimulate the
manufacture of antibodies common to them as well
as to T. rhodesiense, and these antibodies may be
detected only by the appropriate tests. The titre of
these antibodies is sometimes quite high in certain
individuals and it is probable that if these antibodies
were protective against the actual infection, those
people showing high serum titres would never
become infected. The introduction of the IF test
into the study of trypanosome infections has enabled
us to see the pattern of Rhodesian sleeping sickness
much more clearly. The technique for the IF test
in current use has been modified; it is quite simple
(Bailey, Kimber & Cunningham, 1966) and at
present it is possible to use it for screening a large
population with little difficulty. This modified
IF test has been found to be quite reliable. A
population which shows about 10% of its members
to be positive by the IF test is likely to be generally
exposed to the disease.

In a recent investigation in Kagwara village,
Teso district, Uganda, where the author found 1 case
of Rhodesian sleeping sickness for the first time,
examination of 600 inhabitants, taken at random,
revealed 24 persons to be positive by the IF test.
Thorough investigation for the presence of the
parasite in 19 of them yielded negative results.
However, allowing about 1 Y. of the positives to have
been false, it is probable that the other 17 persons
could have experienced trypanosome infection in
some way or other. Transmission in Kagwara village
may have just begun and not yet become intensive.
The reported discovery of 2 proven cases of T. rhode-
siense in the area calls for close vigilance.

In the animal hosts which act as reservoirs of
infection, as proved by Heisch, MacMahon &
Manson-Bahr (1958) and Onyango, van Hoeve & de
Raadt (1966), T. rhodesiense causes an infection the
course of which varies according to the species of

animal infected. In cattle T. rhodesiense will cause
mild infections unless the infected animal is under
other stress. Wilde & French (1945) showed that
cattle infected with T. rhodesiense remained in fairly
good health up to a period of 6 months. One cow
infected experimentally remained in perfect health
for a period of over 290 days with a T. rhodesiense
infection which could still infect clean flies after
passage through sheep (van Hoeve et al., 1967).
Game animals are, however, much more important
as animal reservoirs of infection because they share
the habitat of the fly and thus maintain continuous
cycles of transmission. Results of experimental
infection reported by Ashcroft, Burtt & Fairbairn
(1959) enabled the authors to classify African wild
animals into 3 groups according to the reaction of
the animals to infection with T. rhodesiense. There
is a group which succumbs to infection readily.
Then there is another group of animals which is
difficult to infect or, if infected, develops a slight
parasitaemia and quickly throws off the infection;
animals of the third group, which includes reedbuck
and bushbuck, become heavily infected and the
parasites persist in the blood for a long time before
the animals recover. The conclusion drawn by
Ashcroft and his colleagues in this study was that the
animals such as kudu, giraffe, bushbuck, reedbuck
and waterbuck might be the more important reser-
voirs of trypanosomiasis. Lumsden (1963) studied
the distribution of trypanosome species in the game
and found that organisms of the T. brucei group
occurred rarely in Giraffa, commonly in Reduncinae
and moderately in Tragelephinae. Baker et al. (1967)
in a search for T. rhodesiense infection in the game
inhabiting Seregenti National Park found a different
distribution of trypanosome species in game animals
from those of Ashcroft, Burtt & Fairbairn (1959) and
Lumsden (1963). T. rhodesiense is therefore an
organism for which a variety of game animals may
act as host. Its persistence in any of the animal
reservoirs will depend on many factors such as age,
species, the presence of other intercurrent infections,
etc. Once it has established itself in an animal that
tolerates it, it will remain infective as long as the
animal lives. A single strain cyclically transmitted
from one animal to another will retain its infectivity
for many years, as was shown by the Tinde experi-
ments (Corson, 1936; Fairbairn & Burtt, 1946). It is
not unreasonable therefore to expect an infection to
remain for years in a locality where an infection has
been introduced into the right game species which
continue to live in infested areas.
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VECTOR AND T. RHODESIENSE

The traditional belief that T. rhodesiense was trans-
mitted only by Glossina of the morsitans group is no
longer tenable in the light of recent findings. In
addition, the argument that the morsitans group
of flies, particularly G. pallidipes, has a potentiating
effect and therefore could enhance the virulence of
T. gambiense and change the course of human
infection into Rhodesian sleeping sickness seems

to have no valid basis. The fly species of the morsi-
tans group known so far to transmit cyclically
T. rhodesiense are G. morsitans, G. pallidipes and
G. swynnertoni. In 1960, Southon & Robertson
(1961) isolated T. rhodesiense from G. palpalis
fuscipes in South Busoga, Uganda. During an

epidemic in Alego, Central Nyanza, Kenya (Willett,
1965), the' only fly species found in the area and
which was definitely responsible for transmission
was G. palpalis fuscipes. It was again the only fly
found in Kagwara village on Lake Kioga, Uganda,
where 2 cases of T. rhodesiense were discovered for
the first time by the author (Onyango, 1968).
Both sexes of these 4 species of Glossina are

capable of transmitting T. rhodesiense which under-
goes cyclic development in all of them. All are

capable of being infected by human patients or the
animal reservoir. The susceptibility to infection of
any of these vectors depends on many factors such
as the age of the fly when taking an infected feed,
the host on which the fly would subsequently feed,
the availability of preferred hosts, the ability of
preferred animal hosts to act as reservoirs, and a

number of other factors which have been discussed
by such authors as Wijers (1958) and Harley (1968).
Even when an infected preferred host is available,
the number of flies that will eventually become
infected after feeding on it is variable and does not
anywhere approach a 100% infection rate. Once
infected, however, the fly remains so throughout its
life. An infected fly cannot transmit the infection
to a new host unless it lives for more than 18 days
to allow time for the parasite to go through the
whole cycle of development in the fly successfully.
Some infections develop in the gut and remain there
not proceeding to the salivary glands to produce
infective metacyclics. Even when the infection is
established in the salivary glands, not all bites by the
fly will result in overt infection in the mammal host.
Experiments to determine infectivity of an infected
fly have employed 4 main methods, i.e., fly-probing
on a glass slide: dissection of salivary glands, mouth

parts and gut; trituration of the whole fly and
inoculation of the resulting suspension into mice;
and triturating pools of blood upon which an
infected fly has fed. By employing all these methods
separately it has been shown that the infectivity
of a fly infected with T. rhodesiense may vary con-
siderably from day to day because of the variable
number of trypanosomes extruded at any one
time. This number has been estimated to vary from
O to 40 000. Thus an infected fly may not always
deliver a big enough inoculum to cause overt
infection.

In addition to the known vectois, other haemato-
phagous diptera have been shown to be capable of
transmitting infection from one animal host to
another. This form of transmission has been
referred to as mechanical. The flies involved in such
transmission carry infective trypanosomes on their
proboscis where the organisms may remain alive up
to 48 hours. In a situation where there is high
infection rate in either the animal or the human
population mechanical transmission is a probability
that cannot be ruled out. The exact role of mechan-
ical transmission in the epidemiology of T. rhodesi-
ense still needs proper examination.

HOST-VECTOR RELATIONSHIP

Rhodesian sleeping sickness is a disease prevalent
only among the rural population and will become
manifest in endemic or epidemic form when man
comes into contact with infected populations of the
fly vector. In the morsitans fly-belts of Central and
East Africa man gets infected by wandering in the
bush infested with the fly. Some occupations, such
as fishing, hunting game, collecting of honey and
beeswax, take man into the habitats of this fly.
Morsitans fly-belts may contain vegetation in which
G. pallidipes and G. swynnertoni will thrive as well.
Meat hunger in some parts of Central and East
Africa have obliged men to depend on game for meat
and therefore game hunters are always at risk. Be-
cause of advancing fly-belts in some countries
coupled with land hunger or habitual shifting settle-
ments, man finds himself coming into close proximity
with the fly. In these situations unless man moves
out, there will be increased morbidity and mortality
in the human population and at times both may
reach alarming proportions. In order to exploit
mineral resources in the fly-belts in Zambia, some
industrial organizations have, perforce, set up labour
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camps in infected areas without prior precautionary
measures which would ensure the establishment of a
reasonably sized fly-free zone around the new
settlements. Consequently, susceptible members of
such a labour force have acquired infection at an
alarming rate (Faulkes, personal communication,
1968).
The long droughts which occurred in Botswana

between 1958 and 1963 brought peasant population
and fly into close contact in the Okavango swamp
where man, his cattle and game sought water in the
same places into which the fly population had
receded, sheltering in the shady vegetation around
those water holes. The result was a considerable
increase of the incidence of the disease in Botswana
during those years. Later as rains appeared the
incidence of the disease declined remarkably.

G. palpalis fuscipes lives in a totally different
habitat from flies of the morsitans group. Classically
G. palpalis fuscipes prefers the evergreen vegetation
along the edges of rivers and shores of lakes. It is
here that the fisherman and the fishmonger are likely
to come in contact with it and probably get infected.
The epidemiology of T. rhodesiense infection among
fishermen in Lake Victoria has been aptly described
by Robertson (1963) and the author who has con-
tinued to work in the area confirms those findings.
In spite of its classical habitat G. palpalis fuscipes
appears.to have a capacity for adapting itself to new
and unusual habitats and, in 3 areas in East Africa,
it has displayed this capacity. In Lango district in
Uganda during the T. gambiense sleeping sickness
epidemic of 1956-58 Morris (quoted by Shore, 1960)
found that G. palpalis fuscipes had taken temporary
residence within homesteads and the fly was found
to live in and around the huts at almost any time
of the year. These huts were, however, situated near
the rivers. In the Alego epidemic (Willett, 1965)
it had left its riverine habitat and was living around
the homesteads in Euphorbia plants grown and used
as hedges. In addition, many flies were found
breeding in the Lantana thickets growing between
these homesteads miles away from any water course.
In a third area G. palpalis fuscipes has been found
on top of a hill in Budimu in Samia-Bugwe county,
Uganda, where there are neither rivers nor streams
(Wijers, personal communication, 1968).

In th, many different habitats which range from
open woody savanna to small thickets round human
habitations, the fly vectors of T. rhodesiense have dif-
ferent opportunities of coming into contact with man.
The degree of this contact will determine the type

of the outbreak. Where this contact is " personal "

as defined by Nash (1960), an epidemic will occur.
The relationship between the fly and animal

host appears simple but is quite intricate, and much
more complicated to understand when considered
in the general epidemiology of Rhodesian sleeping
sickness. Both fly and animal host frequently share
the same habitat, but for transmission to be main-
tained the infected animal must belong to the
restricted group on which the fly feeds by preference,
or when obliged to, and also belong to the species
which will easily get infected and tolerate T. rhode-
siense infection for a long period. Studies by Weitz
and others of the blood meals from various species
of Glossina have given us an idea of the species of
animals on which tsetse feed (Glasgow et al., 1958;
Weitz, 1963; Baker, Sack & Laufer, 1967). These
studies do not reveal a uniform pattern of feeding
habits of Glossina and it may be that a fly population
in one area will have a different feeding pattern from
another population in a different area depending
on the availability and abundance of game species.
It should be borne in mind that where the so-called
preferred hosts are absent, Glossina may take blood
meals from any big animal available and may feed
continuously on that available species. To cite the
Alego epidemic again, the search for wild pigs and
other mammals in the area showed the presence of a
few duikers only. Reptiles such as crocodile and
monitor lizard were not seen. Hence the animals
available to the fly were cattle, which were abundant,
and man himself. In the study of blood meals from
G. palpalis fuscipes caught in the area it was shown
that 41 % came from primates, probably all man,
40% from cattle, and 15% from reptiles. In this
situation G. palpalis fuscipes was feeding on cattle
in a greater proportion than expected. The
investigations of Wijers (personal communica-
tion, 1967) carried out in Mufangano Island where
both G. palpalis fuscipes and cattle were abundant
and in close contact with each other showed that the
fly meals were 50% from cattle and goats and the
other 50% from reptiles. On- this island G. palpalis
fuscipes totally ignored man and even the herdsmen
who brought the cattle to the lake shore for water
were not attractlve. The non-attractiveness of man
to the fly inhabiting Mufangano Island may explain
the reason why Rhodesian sleeping sickness out-
breaks have never occurred on the island in spite
of a number of known infected fishermen who have
visited the island (Wijers, personal communication,
1967).
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HOST-VECTOR-PARASITE RELATIONSHIP

In the foregoing section a brief review of the
ecological relationship of only 2 components of the
host-vector-parasite complex has been presented.
In this section the relationship of all 3 will be
considered in an attempt to present a more complete
picture of Rhodesian sleeping sickness epidemiology
as it is understood at present.

In endemic areas the infection persists because
of the continuous transmission of the disease
between game and the appropriate vector. Man
becomes infected by visiting the endemic area and
places in which the game-fly transmission goes on.

If a man is to be infected, the fly biting him must
inject into him a reasonable number of infective
metacyclics and the man himself must be susceptible
to infection. The fly, on the other hand, to become
infected must have taken its feed from an infected
animal at the right time, when parasitaemia is high
and many stumpy forms of the parasite are in
circulation. G. palpalis is more susceptible to
infection if the infective feed is taken very early in
its life (Wijers, 1958). This does not appear to be
the case with G. morsitans which may become
infected after having had a number of earlier feeds
(Harley, 1968). The infected person remains a

source of infection unless treated. If he lives in a

settlement where the vector has a preference for man
and also an opportunity to bite him frequently, the
infected person, particularly if he is an ambulant
carrier, will infect the vector which will in turn infect
other susceptible persons available to it. The
number of persons who will be exposed to the bites
of infected flies and the frequency of such bites, and
hence the type of an outbreak, will be determined
by the nature of man-fly contact. Rhodesian
sleeping sickness epidemics occur generally in areas
in which it has never been known before and nearly
everybody is susceptible. In addition, the first cases

pass unrecognized, their number builds up and
among these, ambulant carriers roam at large.
It is only when the death toll has risen to an alarming
figure that people become aware of an epidemic.
The prerequisites for epidemics are the prevalence
of a widely distributed vector, the existence of many
infected animals or persons, and the personal nature
of man-fly contact.
The spread of infection to other areas may occur

if an infected and symptomless patient travels to
a far-off village located in an infested area. The form
in which the disease will appear in a new village

depends on the conditions enumerated above, in-
cluding environmental conditions which favour
longevity of the fly. In the majority of new out-
breaks of Rhodesian sleeping sickness the agent
responsible for the introduction of infection to the
new community may be difficult to discover. It is
said that man has been responsible for the spread
of Rhodesian sleeping sickness to many new foci,
and that thereafter game and domestic animals
become infected and then act as reservoirs which
maintain the disease endemically. This is believed
to be so in regard to the spread of the disease from
Malawi and Zambia to Tanzania. The Busoga
outbreak of 1940 (MacKichan, 1944), which was
responsible for the introduction and dissemination
of Rhodesian sleeping sickness to the north-eastern
shore of Lake Victoria, was traced to immigrant
labourers from Tanzania. The extension northwards
in Uganda into the Teso district is thought to have
been by fishmongers whom Bailey & Ineichen
(1966) have shown to come from as far afield as the
endemic area of Busoga where they buy fish and
then sell it in the Teso and Bugisu districts. The
spread could of course be due to other agents not
yet discerned, for an average patient with typical
T. rhodesiense infection is generally so ill that he
would be confined to his hut and would not have
enough strength to walk about.
Although Fairbairn (1948) in his study of the

epidemiology of the disease in Tanzania states
that the introduction of Rhodesian sleeping sickness
into an area can usually be traced to the arrival of an
infected human being, and this has been subse-
quently shown to be the case by MacKichan (1944),
it is likely that game and domestic animals may also
be responsible for further dissemination of the
disease. The investigation of an outbreak of
Rhodesian sleeping sickness in Maswa district,
Tanzania, by eminent workers (Swynnerton, 1923,
1925; Duke, 1923; Davey, 1924, 1925) showed how
possible it is to arrive at contradictory conclusions
in regard to the agent responsible for the introduc-
tion of the disease into a new focus. Fortunately
studies of the population dynamics of wildlife have
already begun in East Africa and it should be
possible in the near future to gain a proper under-
standing of population movements of various species
of wild game, particularly those that are now known
to be capable of acting as reservoirs. Movements of
domestic animals are generally haphazard in the
whole of the African continent but it is known that
in some countries cattle could be moved in large
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herds to and from endemic and non-endemic areas
that are fly-free or supposedly so. During these
movements it is possible for cattle to carry the
parasite from one area into another and if favourable
conditions exist in the latter then the parasite would
establish itself in the new home.
Bushbuck once infected remain so for a long time

and thus may cause infection in flies with which
they share the same habitat, thus causing localized
foci of infection. Other animals, including the
bigger antelopes, have a tendency to avoid man and
to roam extensively through woodland and run for
miles if alarmed (Nash, 1960). Multifarious human
activities in the game sanctuaries such as game
poaching, game cropping, population movement
studies which employ helicopters, big-game hunting,
etc., might scare various species and consequently
the game might run away for miles, crossing the
boundaries of their country of origin carrying along
with them T. rhodesiense to neighbouring countries.
In January 1968 a count of the wildlife population
showed that one area in the Serengeti National Park
contained 100 000 beasts belonging to 8 species.
A repeat of the count 6 months later showed only
30 000 beasts, two-thirds of the original population
having emigrated to unknown locations. Movement
of game in herds to and fro must also be a common
occurrence.
The recent discovery in 1967 of Rhodesian sleeping

sickness near Gambela, Ethiopia, has attracted
attention and its origin is being investigated. If the
disease is a recent introduction, it is probable that
various game-cropping activities in Northern Uganda
and game hunting in Northern Kenya may have
dispersed infected game into Ethiopia thus intro-
ducing the infection into that country. The evidence
that infection exists in the Uganda game parks was
given in 1958 when Robertson isolated T. rhodensi-
ense from a man employed in the Murchison Falls
game park who was suffering from sleeping sickness.
The incidence of human infection is not known but
it could be negligible because the flies have an ample
supply of animal hosts which offer the type of food
they prefer, and in which infection of T. rhodesiense
may have been perpetuated unknown to health autho-
rities. The distance from Murchison Falls game park
to Gambela is only about 400 miles (ca 650 km); a dis-
tance that an animal could cover in less than 10 days.

CONCLUSIONS

The new concepts in the epidemiology of Rhode-
;sian sleeping sickness which replace the older ones

are only acceptable in the light of the new evidence
of the relationships between fly, man and animal
reservoirs.
To the clinician the confirmation of diagnosis of

the disease must be based on the results of labor-
atory investigations. Cases diagnosed clinically as
sleeping sickness from which inoculation into
mice and rats causes high parasitaemia with a short
prepatent period of one to 10 days should be
regarded as Rhodesian type, particularly when the
organisms in the rodents are resistant to trypars-
amide. This final diagnosis should be adopted even
if the clinical symptoms are mild and uncharacter-
istic. The diagnosis must not be influenced by the
vector found in the area, particularly if this is
G. palpalis fuscipes which was thought to transmit
only T. gambiense. It is now well established that
G. palpalis fuscipes is as efficient a vector of T.
rhodesiense as any fly of the morsitans group. In
the apparent absence of any of the 4 species, G.
morsitans, G. pallidipes, G. swynnertoni and G. pal-
palis (fuscipes), a thorough search must be made and,
even if the initial result does not reveal the presence
of Glossina species, transmission must not be
regarded as mechanical until there is sufficient
proof. The existence of healthy human carriers in
endemic areas should be recognized and as they are
likely sources of continuing endemicity they should
be treated and freed from infection when they are
discovered.
The argument that T. gambiense when transmitted

by G. pallidipes becomes more virulent and exhibits
features of T. rhodesiense should not be advanced,
as the corollary, which is that T. rhodesiense when
passaged through G. palpalis becomes less virulent,
is not true. The fact that animal reservoirs are
important in the epidemiology of sleeping sickness is
incontrovertible. Cattle in particular should receive
attention when control measures are being taken in
endemic areas and where possible they should be
treated with the object of reducing the size of the
reservoir pool. The role of animal reservoirs as
" spreaders" of the disease to distant places and
other countries needs investigation. The fly vector
depends on game for its food and the proposal that
it can be eradicated by the removal of game should
remain no more than a theoretical proposition
because this approach has been found very objection-
able, wasteful and unscientific. An approach that
will not interfere with the biological balance in
nature is the immunological one and research into
the posstibilities of vaccination to protect man and his
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animals from the disease should be stepped up.
In the meantime, the constant contact between man
and fly could be broken by clearing landing places
for fishermen, by clearing a large zone around
human settlements that will enable both old and

new settlers to keep healthy domestic animals, so
that there is no meat hunger and no wish to hunt
illegally. Good diagnostic and treatment centres
should also be provided in the rural areas for those
who are at risk.

RRESUMEi

CONCEPTS NOUVEAUX EN MATItRE D'EPIDEMIOLOGIE DE LA TRYPANOSOMIASE
A TRYPANOSOMA RHODESIENSE

Des donn6es recueillies a l'occasion de la decouverte de
plusieurs foyers recents de trypanosomiase a Trypanosoma
rhodesiense, notamment dans le sud-ouest de l'Ethiopie
et en Ouganda, amenent a reconsiderer les notions clas-
siques relatives A 1'epid6miologie de la maladie.
Pour le clinicien, il importe que le diagnostic de

l'affection soit confirme par les r6sultats des examens de
laboratoire. Les cas de maladie du sommeil seront attri-
bu6s A une infection du type rhodesiense lorsque l'inocu-
lation du mat6riel infectieux au rat et a la souris provoque,
apres une periode de prepatence d'une dur6e de 1 a 10
jours, une parasitemie intense rebelle au traitement par
la tryparsamide. Le diagnostic doit etre tenu pour
definitif meme si les sympt6mes cliniques sont peu
accentue's et peu caracteristiques, et il ne doit pas etre
influence par la nature du vecteur present dans le foyer,
surtout s'il s'agit de Glossina palpalis fuscipes. Cette
glossine, consideree classiquement comme ne transmettant
que T. gambiense, est aussi capable de propager T. rhode-
siense que les tse-tse du groupe morsitans. Meme si la re-
cherche des vecteurs possibles- G. morsitans, G. pallidipes,
G. swynnertoni et G. palpalis fuscipes - ne donne aucun
resultat, une transmission m6canique par des dipteres he-
matophages ne doit pas etre affirmee sans preuve suffisante.

Onne peut admettre l'opinion selon laquelle T.gambiense
acquiert une virulence accrue lorsqu'il est transmis par
G. pallidipes et se comporte & certains egards comme
T. rhodesiense; de meme, le passage de T. rhodesiense chez
G. palpalis n'a nullement pour effet de diminuer la viru-
lence du parasite. Le role epidemiologique des animaux
sauvages et domestiques - reservoirs indiscutables de la
maladie du sommeil - est important, et il convient de
traiter le betail chaque fois que les circonstances le per-
mettent. De nouvelles recherches sont necessaires afin de
preciser dans quelle mesure les animaux propagent
l'infection dans d'autres pays ou territoires. II est certain
que les glossines prel6vent l'essentiel de leur nourriture
sur les animaux sauvages, mais il est d6plaisant, peu
scientifique et dispendieux de tenter d'obtenir l'eradica-
tion du vecteur par la destruction massive du gibier. Les
methodes immunologiques, en revanche, ne risquent pas
de nuire a l'equilibre biologique naturel et les recherches
consacrees a la mise au point de procedes d'immunisation
de l'homme et des animaux doivent etre poursuivies et
intensifiees. En attendant, tout sera mis en ceuvre pour
limiter au maximum les contacts de l'homme et des
animaux avec le vecteur.
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