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Immunity in African Trypanosomiasis*
M. A. SOLTYS 1

In this review of current knowledge and research on the immunological responses in
African trypanosomiasis, the author deals with the non-specific constitutional resistance of
man and animals to trypanosomes; the results of research on specific adaptive immunity
developed during and after illness and the demonstration of protective antibody; some
promising results that have been achieved in attempts at vaccination; the effect ofimmunity
on chemotherapy; the antigenic structure of trypanosome strains; the use of various
serological tests in diagnosis and the application of immunochemistry to trypanosomiasis
serology.

In his conclusions, he suggests that more modern techniques should be used in serological
investigations to solve the problem of the difference between cyclically and mechanically
transmitted strains and that of relapse strains. It is also important to determine whether
relapse strains are transmitted cyclically by flies without any antigenic change. Further
studies are needed on the sensitivity to chemotherapeutic drugs of trypanosomes mechani-
cally and cyclically transmitted. Finally, the author suggests that more research be conducted
on various methods of immunization with killed and with living vaccines.

Studies of the immunological responses in
African trypanosomiasis, after an enthusiastic start
by British, French and German scientists at the
beginning of this century, have tended to lag behind
in comparison with similar studies in bacterial
diseases. Recent years, however, have witnessed a
marked renewal of interest in immunity against
trypanosomes. New and highly sensitive immuno-
logical techniques have been developed and there is
now experimental evidence that some of the immu-
nological techniques may be used for the diagnosis
of trypanosomiasis and it is also possible that a
protective immunity in the form of a vaccine may
be developed for the control of trypanosomiasis.
Although a chemotherapeutic armamentarium has
become available to combat trypanosomiasis more
effectively than ever before, it has been unable to
achieve eradication or widespread control of the
disease and in this respect has not fulfilled its pro-
mise. The appearance of drug-resistant strains and
the relatively great administrative difficulties in
giving the drugs to large numbers of people or
cattle at frequent intervals have made it virtually
impossible, particularly when dealing with nomadic

* Revised version of a paper submitted to the WHO
Expert Committee on Trypanosomiasis, June 1962.

1 Lecturer in Bacteriology, Department of Animal
Pathology, University of Cambridge, England.

tribes, to control the disease by chemotherapeutic
means. Therefore the possibility of immunization
to control the disease would be most welcome,
since by this method other infections have been
controlled without necessitating drastic change in the
socio-environmental order.

NON-SPECIFIC CONSTITUTIONAL RESISTANCE OF MAN

AND ANIMALS TO VARIOUS SPECIES OF TRYPANOSOME

This resistance is, for the most part, a genetic
endowment of an entire species with respect to a
particular parasite. In the case of non-susceptibility
the resistance is absolute and all individuals of that
species are entirely insusceptible to an infectious
agent. The susceptibility to various pathogenic
trypanosomes is shown in the table overleaf.

In other cases the resistance is relative, and here
racial and individual differences become apparent
within the species, one race or member being less
susceptible than another.
A racial non-specific resistance has been clearly

demonstrated in the N'Dama cattle of Western
Africa by Chandler (1952). His further studies in
1958 showed that a group of N'Dama cattle which
had been previously exposed to infection and another
group of cattle of the same breed which had not
previously been exposed possess a degree of toler-

1267 - 753 -



M. A. SOLTYS

SUSCEPTIBILITY OF MAN AND DOMESTICATED ANIMALS TO PATHOGENIC AFRICAN
TRYPANOSOMES

Pathogenic Man Cattle Sheep Pigs Camels Equines Dogstrypanosomes and goats

T. brucei

T. gambiense ++ + +++ + ++ +++ +++

T. rhodesiense +++

T. congolense - +++ ++ + ++ ++ +++

T. simiae - ± + +++ _ _

T. vivax - ++ ++ - - ++

T. evansi - + ++ - ++ ++

+++= All forms of infection, including often very acute.
++ = Usually chronic form, very seldom acute.
+ = Chronic infection with spontaneous recovery.
-= Highly resistant to infection.

ance to the pathogenic effects of infections with a
number of strains of different geographical origins
of both Trypanosoma vivax and T. congolense.
The serological studies by the lysis protection test
suggested that specific antibodies were not elaborated
except as a response to infection and that they are
species-specific. Chandler (1958) suggested on the
basis of his observations that tolerance to trypa-
nosome infection is an inherent quality of N'Dama
cattle, but exposure to infection enhances this
tolerance. On the other hand, Desowitz (1959)
believes that the racial resistance of N'Dama cattle
to trypanosomes is due to acquired immunity. He
demonstrated that in N'Dama cattle born and bred
in a tsetse-fly area after challenge with T. vivax a
scanty transient parasitaemia terminating in a self-
cure occurred. On the other hand, in the same breed
of cattle born and bred in tsetse-free areas, a chronic
type of infection occurred preceded by a series of
intense parasitaemic attacks similar to that in Zebu
born and bred in tsetse areas. These observations
indicate that N'Dama cattle born and bred in a
tsetse area produce an immune response, while
Zebu reared under the same conditions do not. He
suggested that a difference may lie in the nature of
the gamma-globulin of the two breeds, since after
challenge in immune N'Dama cattle a third gamma-
globulin component was present which was not
detected in Zebu cattle. Studies of Chandler (1952)
on the resistance to trypanosomes of Zebu-N'Dama
cross-bred cattle showed that they resisted infection
only slightly better than pure Zebu.

The evolution of resistance in human populations
constantly exposed to infection has not been properly
studied, although there is some indication of higher
resistance in persons in endemic areas than in those
never exposed to infection.

Certain physiological and pathological charac-
teristics of the host also play an important role in
determining the likelihood of infection and in
deciding the outcome of established disease. For
example, healthy pigs are highly resistant to T.
brucei, but if there is intercurrent parasitic infesta-
tion they are susceptible.

SPECIFIC ADAPTIVE IMMUNITY DURING ILLNESS

AND AFTER RECOVERY

Rouget (1896) was the first to report that serum
from rabbits and dogs infected with T. equiperdum
exerted a protective action on mice infected with
the same strain. In 1902 Laveran & Mesnil reported
that the sera taken from goats and sheep, following
recovery from T. brucei infection, exerted a pro-
tective action in mice when mixed with a homo-
geneous species. Such serum had no action against
a heterologous trypanosome, T. equinum. These
early observations were confirmed by other workers
using other pathogenic trypanosomes (Martini,
1905; Franke, 1905; Thiroux, 1906). A practical
application of this protective property of serum was
studied by Diesing (1905). This was carried out in
cattle crossing the region of the Cameroun, which
was heavily infested with tsetse flies infected with
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trypanosomes. Each animal received 40-50 ml of
serum from a donkey that had survived three to six
inoculations of heavily infected blood. Only a
small percentage of cattle became infected during
their travel. Van Saceghem (1922) successfully used
immune serum for the treatment of goats infected
with T. congolense.

Similarly, protective antibodies were demonstrated
in the sera of 24 persons infected with T. gambiense
whereas no such antibodies could be found in the
sera of five uninfected persons (Heckenroth &
Blanchard, 1913), and while the sera of infected
patients were almost always protective in mice they
only exceptionally produced other reactions. Studies
by various workers have demonstrated that pro-
tective antibodies act by rendering the parasite
susceptible to phagocytosis or lysis or both.
The conflict between one school, which attributed

the disappearance of trypanosomes in the immune
animal to phagocytosis, and the other school, which
believed in trypanolysin, still exists. Opinion is still
divided, since trypanolysin has not been convin-
cingly demonstrated in vitro. A possible explanation
of this may be that most of the studies have been
carried out with the sera of animals which have an
inhibitory effect on the lytic component of comple-
ment or that the systems employed have not con-
tained the lytic factors of complement.

Soltys (1957a) mixed non-inactivated rabbit
antiserum with a suspension of trypanosomes and
observed motility of trypanosomes in dilutions of
sera as low as 1: 10, when dilutions 1: 320 of the
sera afforded protection in mice. This indicates
the lack of relationship between the protective
capacity of immune serum and the trypanolysin
content. Examination of peritoneal exudate at
intervals of from a few minutes to one and a half
hours after the injection of a mixture of trypano-
somes and immune serum shows intense phago-
cytosis of the parasite. The longer the contact
between the parasites and the immune serum before
injection or the more potent the antiserum, the
greater is the protective and phagocytic action.
During studies of protective antibodies various

workers observed that in the presence of antibodies
trypanosomes become biologically altered so that
they are no longer susceptible to antibodies produced
by the host. Studying protective antibodies, Soltys
(1957a) found the neutralization test a very useful
tool provided that homologous antigen is used. It
has the great advantage that it is a biological test
which clearly demonstrated protective antibodies.

His work has been at the present time extended and
improved by Lumsden (1961) and his colleagues in
East Africa.

IMMUNIZATION OF ANIMALS

After the demonstration of the protective anti-
bodies in the serum of animals recovered or chroni-
cally ill, investigators have attempted to produce
active immunization against trypanosome infections
by three methods: (a) infection with a living but
attenuated parasite; (b) infection with a virulent
organism followed by treatment with drugs; (c) in-
jection with killed trypanosomes.

Infection with a living but attenuated parasite

Attempts to establish immunity with an attenu-
ated strain of T. brucei passaged through rats were
unsuccessful since the organism was still virulent.
Nevertheless, -in some cases vaccinated animals
did not show pronounced symptoms. Blood taken
from vaccinated animals was infective to other
animals.

Schilling (1935) inoculated small doses of not
more than 50 organisms into cattle in endemic areas
and showed that animals so treated lived longer than
untreated animals. However, they eventually suc-
cumbed to the infection.

Infection with a virulent strain followed by treatment
with drugs
Early observations of Ehrlich and other workers

that an animal which was cured of an infection with
a pathogenic trypanosome was resistant for some
time to another infection stimulated further studies
in this field. Kleine & Fischer (1922) demonstrated
that monkeys infected with T. brucei and then cured
with suramin sodium (Bayer 205) developed a more
persistent immunity than when given a prophylactic
dose of the drug alone. This has been confirmed by
Browning & Gulbransen (1936) and by Fulton &
Lourie (1946). Browning & Calver (1943) not only
confirmed the results of previous workers but also
demonstrated that the immunity produced after cure
with the drug was much more solid with a strain of
trypanosome which produces a chronic course of dis-
ease than with a strain which causes a more severe
disease. Absolute resistance to reinoculation with
the same strain persisted for at least a year. Experi-
mental studies were confirmed by the field observa-
tions of Bevan (1936), who showed that cattle which
had contracted trypanosomiasis and had been
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treated with suitable drugs thereafter survived for
long periods in enzootic areas without further
treatment. Soltys (1955) showed that Zebu cattle
in an enzootic area which had been inoculated
prophylactically with Antrycide-Pro-salt at two-
monthly intervals for some time resisted infection
for about 18 months without further treatment. His
results were confirmed by the workers of the Zoo-
logical and Tsetse Section of the Department of
Veterinary Services in Kenya. They showed that
cattle which received four doses of Antrycide-Pro-
salt prophylactically at three-monthly intervals in
the area of low challenge of infection remained
resistant to infection without further treatment for
three years (Kenya, Veterinary Department, 1956).
Smith (1958) concluded from his studies that resist-
ance of prophylactically treated animals to infec-
tion is probably due to combined action of the
residue of the drug and antibodies.

Immunization with killed trypanosomes

The early attempts to immunize laboratory
animals with dead trypanosomes either were almost
entirely unsuccessful, or, at the most, prolonged the
life of the " immunized " animal for a short time as
compared with that of the control. Promising
results were obtained by Culbertson & Kessler
(1939), who showed that rats could be rendered
completely resistant to a subsequent inoculation of
living T. lewisi following the repeated injection of
the formolized homologous antigen. Similar studies
were carried out with T. gambiense by Lapierre &
Rousset (1961). These authors demonstrated that
immunity appeared in mice six to eight weeks after
vaccination and lasted up to nine months.

Similar studies are being carried out at present by
the writer with T. brucei in rats and in sheep. For-
molized suspensions of T. brucei mixed with plasma
of infected rats at the peak of parasitaemia and with
an adjuvant will produce an immunity in all vac-
cinated animals which lasts for over a year.1 Strains
of T. brucei differ markedly in their ability to pro-
duce protective immunity. So far studies have been
carried out with homologous strains. Further stu-
dies will be carried out with heterologous strains and
also in combination with chemotherapeutic drugs
used prophylactically in order to determine whether
a possible partial immunity produced against hetero-
logous strains of the same species may act either

1 Soltys, M. A. Immunization of animals against T.
brucei with a dead vaccine (in preparation).

synergetically or as an additive factor with a chemo-
therapeutic drug during the treatment.

THE EFFECT OF IMMUNITY ON CHEMOTHERAPY

A series of papers by Browning and his colleagues
between 1935 and 1953 clearly demonstrated that
immunity plays an important part in chemotherapy.
They also demonstrated that the diminished sensi-
tiveness to the drug is often unrelated to any previous
contact with the drug and is associated with the
immunological state of the parasite. Soltys (1958)
demonstrated that a strain of T. brucei maintained by
passage through mice, and therefore not exposed to
antibodies, was more sensitive to suramin sodium
and Antrycide than the same strain passaged through
rabbits, when exposure to antibodies did occur.
Similar results were shown with suramin sodium by
Brown & Williamson (1962).

It is possible that strains mechanically transmitted
by biting flies are more resistant to drugs than try-
panosomes transmitted cyclically by the tsetse fly.

Studies by E. F. Whiteside (personal communica-
tion, 1957) and others strongly suggest that drug
resistance more frequently occurs in heavily fly-
infested areas where mechanical transmission is
common than in the areas which have only a small
infestation of flies and mechanical transmission is
rare. It is suspected that strains which are mecha-
nically transmitted produce antigenic variants re-
sistant to antibodies so that more drug is needed for
such trypanosomes than for those sensitive to anti-
bodies. A normal chemotherapeutic level of drug
would encourage variants to produce drug resistance.

In order to get some information in this field on
the sensitivity to drugs, studies should be carried out
in Africa uising sheep infected with trypanosomes
transmitted both mechanically and cyclically.

ANTIGENIC VARIATIONS AND ANTIGENIC STRUTJTURE

The observation of Franke (1905) that the blood
of the host could obtain both trypanosomes and
antibodies led him to the conclusion that the
parasites had become biologically changed from the
original strain and had acquired a resistance to anti-
bodies. The greater part of the literature on immuni-
ty in African trypanosomiasis deals with studies
of these so-called " relapsed strains " or antibody-
resistant strains. Various controversial views have
been held and it is still not clear whether this phe-
nomenon is a process of selection in which the non-
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resistant strains are killed by the antibody, leaving
the resistant ones, or whether it is an adaptation to
antibody. Taliaferro (1941) believes that, whatever
underlying mechanism is involved in the variations
reported for trypanosomes, it is probably com-
parable to the phenomenon seen in free-living species
when they become adapted to various chemicals.
As the acquisition of a resistance to a chemical is
often, although not always, associated with the
acquisition of the power to destroy the specific
chemical or to convert it into a less poisonous com-
pound, it would be interesting to know whether the
relapse strains of trypanosomes can produce en-
zymes which destroy antibodies and thus allow the
trypanosomes to live in the presence of antibodies.
It is envisaged that this is a mechanism similar to
that of penicillin-resistant staphylococci, which pro-
duce penicillinase and are able to live in the presence
of penicillin.

In spite of various views and hypotheses it is
possible to divide all workers in this field into two
schools. The first school consists mainly of the early
workers, who studied this problem by neutralization
reactions and demonstrated that serum from calves
or dogs infected with T. brucei was able to neutralize
the original strain which had been passaged through
mice but not the strain isolated from a calf or dog
when serum samples were taken. This strain has
been called the relapse strain or " antibody-resistant
strain" (Laveran & Mesnil, 1902; Diesing, 1905;
Mesnil & Brimont, 1909; and many others). Similar
results were obtained by Soltys (1957a).
The failure of a relapse strain to be neutralized by

the sera collected from the same animal may be due
to the mixture of variants representing a relapse
strain. Inoki (1960) has recently demonstrated by
injection of a single trypanosome that a relapsed
strain is a mixed strain rather than a combination
of the antigens in the single trypanosome.
The second school consists of workers who carried

out their investigations mainly in mice which were
incompletely cured of infection with drugs. Using
mainly serological tests they found that during
infection trypanosomes undergo constant antigenic
changes (Ritz, 1914, 1916; Leopold, 1928; Lourie &
O'Connor, 1937). According to such obse?vations
the antigenic variants differed not only from the
original strain injected into an animal but also from
one another.
Most of the workers who have compared the in

vivo action of immune serum with other phenomena,
such as the attachment to platelets of trypanosomes

and trypanolysis, have come to the conclusion that
the mouse-protection test gave the most consistent
results, while the latter two methods were not very
efficient. Some workers produced evidence that
trypanolysins are strictly strain-specific, while others
showed that they are not even strictly species-
specific. Since the neutralization reaction is more
reliable than any other for the study of relapse
strains it is suggested that it should be used to solve
this most interesting biological problem. The
method of preserving given strains of trypanosomes
by freezing developed by Polge & Soltys (1957)
should be a great help in a new approach to studies
on antigenic variation.
A remarkable feature of antibody-resistant strains

is that they may be maintained for many generations
by passage through mice. Mesnil & Brimont (1909)
demonstrated that an antibody-resistant strain which
exists in the blood along with antibodies can main-
tain its resistance to antibody in mice for 19 pas-
sages. Thereafter the strain becomes antibody-
sensitive. Similar results were reported by Soltys
(1958), who found that an antibody-sensitive strain
which became a relapse strain (antibody-resistant)
after several passages through rabbits returned to its
original state (antibody-sensitive) after 25 passages
through mice, where it was not exposed to antibodies.

It would be interesting to see whether a radical
change in environment, such as a cyclical passage
through a tsetse fly, is followed by a loss of resistance
to antibodies. No experimental studies have yet been
performed to determine this. However, most of the
investigators who studied immunity in naturally
infected cattle and horses failed to observe relapse
strains, whereas workers using guinea-pigs and mice
observed relapse strains. Diesing (1905) and van
Saceghem (1922) reported clinical improvement in
cattle and horses exposed to various strains after
receiving serum from other animals after recovery.
Similarly, Chandler (1952) and Desowitz (1959)
found antibody produced by Zebu and N'Dama
cattle against T. vivax to be species- rather than
strain-specific. There is no doubt that this contro-
versial problem needs to be re-worked with a com-
pletely new approach. It is difficult to understand
why this phenomenon does not occur in T. cruzi or
other blood protozoa.

Antigenic structure studied by agglutination reaction

Recently Cunningham & Vickerman (1962), using
the agglutination technique described by Soltys
(1957b), studied the antigenic structure of 10 strains
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of the T. brucei group from recent isolations and two
relapse strains of one of them. They demonstrated
at least six different antigens. The number of anti-
gens identified in a particular strain varies from one
to five. The results indicate not only that many
strains from man and animals have antigenic com-
ponents in common, but also that successive re-
lapses of a strain occur in the same host. They
found that if one clone was used only a single
antigen was detected. It is conceivable that, on
injection of a strain containing several clones into a
susceptible animal, the relative proportions of the
different antigenic types in the ensuing infection
might vary considerably from those obtaining in the
original inoculum, and different hosts might favour
the multiplication of different populations within
each strain. This could explain the production of
antisera with different agglutinating properties by
different rabbits in response to the same inoculum.
For instance, strain 302 on inoculation into one
rabbit evoked antibodies against antigens B, C and
D, while on injection into another rabbit no anti-
bodies against B were elicited but antibodies were
produced against C and D. This implies that
trypanosomes representing the B component in the
inoculum failed to multiply in the second rabbit and
hence did not stimulate antibody response.

Antigenic structure studied by precipitation reaction

Gray (1961), by using the Ouchterlony technique,
showed that precipitating antisera against T. vivax
contained some antibodies which reacted with anti-
gens common to T. vivax, T. gambiense and T. brucei.
The antisera also contained antibodies which reacted
with antigens which may be specific to T. vivax.
The possession of a common antigen or antigens

may explain the results of early workers who re-
ported a group immunity with several other species
(Braun & Teichmann, 1912). Recent studies of
Brown & Williamson (1962) on antigens in the
T. brucei group have shown that at least three groups
of precipitinogens in brucei-group trypanosomes can
be separated and characterized. They suggested that
the variant changes in trypanosomal antigens estab-
lished as cytoplasmic proteins should be susceptible
of analysis in terms of present knowledge of the
intracellular control of protein biosynthesis.

SEROLOGICAL REACTIONS AND IMMUNOCHEMISTRY

Control of the disease rests to a great extent on
precise diagnosis, which is, at present, far from per-
fect and often difficult.

In addition to the existing microscopical methods
applied to blood, gland juice or cerebral fluid, most
of which are unreliable, it would be advantageous if
a serological method could be developed. The com-
plement-fixation test has been described for infec-
tions with T. equiperdum and for infections with the
South American T. cruzi (Woody et al., 1961). Early
attempts to use the complement-fixation test in
African trypanosomiasis produced very contradictory
results, mainly owing to the use of different antigens.
Most of the antigens consisted of extracts of organs
from infected animals, which contained, besides try-
panosome material, extracts of organs having either
anticomplementary effect or a non-specific fixation
effect. Those workers who prepared their test anti-
gens from trypanosomes freed from blood and
organs obtained good results and concluded that the
complement-fixation test could be used to detect
infection; the test is specific for the genus, but not for
the species. Recent papers of Pautrizel et al. (1959,
1960) on the value of the complement-fixation reac-
tion as a diagnostic test in human trypanosomiasis
suggest that the complement-fixation test will prove
to be of considerable diagnostic and prognostic
value provided that a pure antigen devoid of anti-
complementary properties is prepared. The prepara-
tion of such an antigen is described by Pautrizel et al.
(1959). The agglutination test described by Soltys
(1957b) and modified by Cunningham (personal com-
munication, 1962) appears to be of value for the
diagnosis of trypanosomiasis. According to Cun-
ningham a small drop of blood collected on blotting
paper is sufficient for studying agglutinins.
The fluorescent-antibody technique has been ap-

plied with success in the sero-diagnosis of T. cruzi
infection by Fife & Muschel (1959) but it has not yet
been tried in African trypanosomiasis.

In order to evaluate any of the suggested tests
comparative studies should be carried out in labora-
tory and large animals experimentally infected with
various pathogenic species of trypanosomes trans-
mitted by ffies and with the same strain passaged
in mice and tested with homologous and hetero-
logous antigens. The comparative studies should be
carried out independently in two African research
institutes on trypanosomiasis.
Desowitz (1956) showed that serum from N'Dama

cattle infected with T. vivax reduced the oxygen up-
take of T. vivax in vitro and caused lysis of the
trypanosomes. He developed a relatively simple
technique by using the Warburg respirometer and
showed that the method is fairly sensitive and reliable
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for measuring the titre of antibody in the serum. On
the other hand, Thurston (1958) found that the
oxygen consumption of T. brucei was reduced only
by those concentrations of immune serum that
caused the trypanosomes to become non-motile and
then to be lysed. The lower concentrations of serum
that inactivated the trypanosomes so that they were
non-infective to mice, although they were still motile,
had little effect on the respiration ofthe trypanosomes.
Ingram & Soltys (1960) carried out studies on

immuno-conglutinin levels in animals infected with
T. brucei. They have shown that immuno-conglutinin
appears in rabbits infected with T. brucei within
seven days after infection and reaches its peak titre
within 30 days. In animals treated effectively the
immuno-conglutinin level dropped to its pre-infec-
tion level. No change in the titres of immuno-
conglutinin was observed after treatment of animals
infected with a drug-resistant strain. The authors
suggested this non-specific method with other avail-
able specific methods for diagnosis and for testing
the efficiency of chemotherapy in trypanosomiasis.
The other non-specific but helpful method suggested
by Mattern et al. (1961) and Nicoli et al. (1961) is
electrophoresis. These authors, while studying
changes in the serum proteins of patients infected
with T. gambiense and in suitable controls, found in
all patients with active trypanosomiasis an increase
in macroglobulins. They observed a reversion to
normal during spontaneous remissions or as a result
of specific treatment. Relapses were associated with
rapid reappearance of the characteristic serum pro-
tein pattern. They suggested that this increase might
be used for diagnosis in suspected cases of trypanoso-
miasis.

It would also be ofinterest to determine whether the
purified or concentrated natural antibodies would af-
fect the course of infection in animals or prevent in-
fection in animals when introduced prior to challenge.

CONCLUSIONS

Various immunological reactions may prove valu-
able aids in diagnosis and in the study of the rela-
tionship between trypanosomes and the host.
Studies should be carried out with application of
more modern methods and techniques which are

RItS

Jusqu'ici, la resistance non specifique aux trypanosomes
n Oa et6 que peu etudiee chez l'homme, bien qu'il semble
b ien exister chez les personnes vivant dans les r6gions ou

available today. These include the use of clones,
preservation of trypanosomes by freezing, the neu-
tralization reaction, improved agglutination and
complement-fixation techniques and the fluorescent-
antibody technique.

Investigations should be carried out on antigenic
structure and on the relationships of trypanosomes
which are antigenically stable to the same strains of
trypanosomes transmitted cyclically through flies.
The relapse strains of trypanosomes isolated from
blood of cows or rabbits following mechanical
transmission should be avoided in the first instance.
Later these relapse strains may be studied. It is first
essential to obtain some data on the relationships of
mouse-passage strains to cyclically transmitted
strains. The first part and the second part of these
studies should be carried out as comparative studies
using the neutralization test, agglutination test and
gel-diffusion test in order to find the correlation, if
any, among these three tests.

After obtaining some data concerning the anti-
genic structure of mouse-passaged strains and
cyclically transmitted strains, studies should be car-
ried out to find the most efficient serological test for
the diagnosis of trypanosomiasis.
The agglutination test and the complement-fixa-

tion test are the most promising at present and these
tests should be carried out with sera of animals
experimentally infected with mouse-passaged strains
and with cyclically transmitted strains. The cross-
reactions with various strains should also be exa-
mined. If promising results are obtained in the labo-
ratory these tests should be carried out in the field.

It is very important to find out whether relapse
strains are transmitted cyclically by flies without any
antigenic changes. Further studies should be carried
out on sensitivity to chemotherapeutic drugs with
strains of trypanosomes mechanically and cyclically
transmitted through large animals.

In view of promising results with killed vaccines,
further studies should be carried out to determine
whether immunity produced against homologous
strains can act by virtue of a common antigen in all
strains of the same species as an additive factor in
prophylactic chemotherapy, lengthening the period
of its efficiency.

UMIE

regne l'endemie une resistance superieure A celle des sujets
n'ayant jamais ete soumis i l'infection. Par ailleurs, des
etudes du betail d'Afrique occidentale ont montre qu'un
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groupe du croisement N'Dama possede a un degr6 appr&
ciable une resistance non specifique a des souches patho-
genes de T. vivax aussi bien que de T. congolense. Des
recherches sur F'immunite acquise specifique pendant la
maladie et apres guerison ont montre que le resum d'ani-
maux infestes exerce une action protectrice sur des souris
infestees par la meme souche; tout ceci est evocateur
d'anticorps. L'on a observe que les anticorps protecteurs
ne detruisent pas les trypanosomes in vitro mais se bor-
nent a en alterer la biologie, de sorte qu'ils ne sont plus
capables de se multiplier chez l'animal. A la suite de ces
observations, l'on a note que le test de neutralisation etait
un instrument tres utile de mesure des anticorps prote-
geant I'animal contre des trypanosomes homologues. Des
essais de production d'une immunite active grace a
l'injection de trypanosomes vivants et morts n'ont donne
que des resultats inconstants bien qu'un certain degre de
protection ait ete note. Des resultats meilleurs ont ete
obtenus en traitant les animaux infestes ou en adminis-
trant i titre prophylactique des m6dicaments aux animaux
vivant dans les r6gions aL forte infestation trypanosomique.
Des travaux signes par Browning et ses collaborateurs,

ainsi que les resultats obtenus par Soltys incitent a
penser que l'immunite joue un r6le de premier plan au
cours de la chimiotherapie. L'on a montre qu'une souche
de T. brucei maintenue par passage sur la souris et par
consequent non exposee L l'action des anticorps etait plus
susceptible a la suramine que la meme souche entretenue
par passages chez le lapin, oui des anticorps sont formes.
En d6pit de certaines theories consacrees a de soi-

disant ((souches a rechutes * ou (i souches resistant aux

anticorps ), le mecanisme intime et le pourquoi chimique
de ces changements sont encore inconnus. D'autre part,
des etudes de la structure antigenique de souches recem-
ment isolees et de souches ((a rechutes# fondees sur la
reaction d'agglutination et la reaction de precipitation
incitent 'a penser que plusieurs souches possedent, outre
I'antigene specifique de la souche, des composants anti-
geniques qu'ils partagent avec d'autres souches de la
meme espece et meme avec d'autres especes.
Des recherches s6rologiques recentes indiquent que la

reaction de fixation du complement et la reaction d'agglu-
tination peuvent presenter un interet diagnostique et
pronostique considerable. D'autres re'actions serolo-
giques, ainsi que 1'etude des proteines seriques, encore
que moins specifiques, ont une valeur d'appoint pour
1'etablissement du diagnostic.

11 est donc souhaitable d'utiliser en mati&e serologique
des methodes et des techniques plus modemes afin de
resoudre le probleme de la difference entre les souches
transmises de fa$on cyclique (mouche tse-tse) et de facon
mecanique (autres insectes piqueurs) comme celui des
souches < A rechutes #. I1 est 6galement tres important de
savoir si les souches <( a rechutes * sont transmises cycli-
quement par les mouches sans alterations de leur struc-
ture antigenique. I1 convient d'etudier la sensibilite A la
chimiotherapie des trypanosomes transmis de faqon
m6canique et de faqon cyclique. Des recherches devront
enfin porter sur les differentes methodes de vaccina-
tion avec des trypanosomes morts et des trypanosomes
vivants inocules en meme temps que les medicaments
chimiques.
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