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INTRODUCTION

The exploitation of genetic resistance to disease is becoming an increasingly 
important consideration in livestock development programmes, particularly where 
conventional disease control measures are too costly or are not effective. Such an 
approach may be directly applicable to animal African trypanosomiasis, a disease 
that certain breeds of cattle are able to survive without the aid of treatment but to 
which other breeds rapidly succumb. This trait has been termed trypanotolerance 
and is generally attributed to the taurine breeds of cattle in West and Central Africa, 
namely the N'Dama and the West African Shorthorn.

While trypanotolerant breeds are a well recognised component of livestock 
production in certain areas of Africa, they represent only about 5% of the total 
cattle population of Africa (ILCA, 1979). Failure to exploit these breeds can poss
ibly be attributed to the belief that because of their smaller size (Table 1) they were 
not productive and that their trypanotolerance was a characteristic which had been 
acquired to local tsetse challenge. However, in recent years evidence has been 
obtained to indicate that trypanotolerance is an innate characteristic and may, there
fore, be genetically exploited (reviewed by Murray et al., 1979a). Furthermore, in 
a recent major survey of the status of trypanotolerant livestock in West and Central 
Africa (ILCA, 1979), indices of productivity were examined using all the basic pro
duction data that could be found for each region, each management system and for 
different levels of tsetse challenge. The results strongly suggested that in areas of 
no or low tsetse challenge the productivity of trypanotolerant cattle relative to other 
indigenous breeds was much higher than previously assumed (Table 2). Comparative 
data could not be obtained in some areas because the level of trypanosomiasis risk 
was such that breeds other than trypanotolerant ones could not survive. On the 
basis of these findings, there is currently considerable interest in the exploitation 
of trypanotolerant breeds in tsetse-infested areas of Africa.

* International Laboratory for Research on Animal Diseases (ILRAD),
P  O  Box 30709, Nairobi, Kenya.

** International Livestock Centre for Africa (ILCA), P O  Box 46847, Nairobi, 
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In this paper the current information on the genetic basis of trypano- 
tolerance, environmental factors which can influence its stability and, the possible 
mechanisms which underlie this trait are examined.

EVIDENCE IN C A T T L E  O F  GENETIC RESISTANCE TO 
TRYPANOSOMIASIS

In one of the first accounts of West African livestock Pierre (1906) recorded 
the ability of certain cattle to survive in tsetse-infested areas. Subsequently, in 
both field investigations and in experimental studies the resistance of the taurine 
animals was recognised increasingly (Stewart, 1951; Chandler, 1952, 1958; 
Desowitz, 1959). While there was no question of the validity of these results, it was 
not possible to evaluate the relative contributions of innate and acquired resistance 
because the history of the animals under study was not known.

More recently, however, there have been a series of reports which have 
confirmed that trypanotolerance does exist as an innate characteristic. Using 
animals which had never been previously exposed to trypanosomiasis and, in some 
cases, using animals b o m  of dams never previously exposed, it was found that 
N'Dama were significantly more resistant than Zebu to experimental challenge with 
wild caught tsetse (Stephen, 1966; Roberts and Gray, 1973) natural field exposure 
(Toure et al., 1978; Murray et al., 1981a) and to trypanosomes inoculated by 
syringe (Murray et al., 1979b; Saror et al., 1981).

A  dramatic example of the differences in susceptibility and productivity was 
reported by Murray et al., (1981a) who exposed 10 Zebu cows and 10 N'Dama cows 
to a natural field challenge from Glossina morsitans submorsitans. The animals 
were 2| to 3 years old and had not been previously exposed to trypanosomiasis. All 
Zebu died of trypanosomiasis within 8 months of first exposure (Fig. 1). hi contrast, 
while all N'Dama became infected, only 3 N'Dama died of trypanosomiasis; these 
animals had all been suckling calves before Ihey succumbed 11 to 14 months after 
initial exposure. These differences in susceptibility were associated with the fact 
that the prevalence, level and duration of parasitaemia were significantly less in the 
N'Dama. Correspondingly, the N'Dama developed less severe anaemia than the 
Zebu. The packed red cell volume (PCV) of the N'Dama was not significantly differ
ent between 8 months after exposure, when all Zebu were dead, and 21 months when 
the experiment was terminated. In addition to reduced mortality, the N'Dama 
experienced no abortions and produced 5 calves. In the Zebu, in marked contrast, 
abortions occurred both in early and late pregnancy and no live calves were 
produced.

While critical experimental evidence is lacking, there is some evidence to 
suggest that trypanotolerant breeds may also be resistant to several other important 
infectious diseases. Thus, the N'Dama have been reported to be more resistant to
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Figure 1. The average weekly parasitaemic score in N'Dama and Zebu exposed to a 
natural challenge of G. m. submorsitans. The hatched areas of the histogram rep
resent N'Dama. The level of the first peak of parasitaemia plus one standard devi
ation is shown for N'Dama (•) and Zebu (o). PCV values and mortalities are given. 
The one N'Dama death was due to anthrax, (published with permission from Advances 
in Parasitology).
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tick-borne diseases, including heartwater (Cowdria ruminantium), anaplasmosis and 
babesiosis (Epstein, 1971). These observations might reflect a greater resistance 
to the tick per se. In addition, N'Dama and West African Shorthorn have been shown 
to be resistant to streptothricosis (Stewart, 1937; Coleman, 1967) and are also said 
to be more resistant to helminthiasis (Dr. A. A. Ilemobade, personal communication).

The possibility that genetic resistance to trypanosomiasis might have devel
oped in cattle in East Africa has generally not been considered because most ob
servers believe that if it did exist to any significant extent it would have been well 
documented by this time. However, there is evidence from the field that Zebu in 
some areas might have developed some degree of resistance. Thus, Cunningham 
(1966) pointed out that thousands of Zebu survive around the shores of Lake Victoria 
even though they are continuously exposed to tsetse. A  similar observation has 
been made for Zebu belonging to the Orma people in south eastern Kenya (Dr. A. 
Njogu, personal communication). More recently, on a dairy ranch in Kenya, it has 
been found that, based on the number of treatments required for trypanosomiasis,
§ Sahiwal - J Ayrshire cattle were significantly less susceptible than 5  Sahiwal - § 
Ayrshire (Trail et al., in press). However, it must be emphasised that this herd 
was under a low tsetse challenge and it is felt that the degree of reduced suscepti
bility found is probably much less than that of the recognised trypanotolerant breeds 
of West Africa.

It is possible that a spectrum of resistance to trypanosomiasis exists between 
different breeds of cattle, with N'Dama and West African Shorthorn at one extreme, 
imported exotic cattle at the other extreme and Bos indieus types being somewhere 
in between.

GENETICS O F  T H Y P A N O T O L E R A N C E

What little information exists on the inheritance of trypanotolerance in cattle 
would suggest that it is inherited as an incompletely dominant trait (Stewart, 1951; 
Chandler, 1952; Letenneur, 1978), raising the hope that by selecting from the more 
resistant animals within a breed, resistance could be increased. The main obstacle 
to such an approach at present is the lack of a genetic marker which would allow 
selection on susceptibility without recourse to subjecting the breeding candidates to 
challenge with trypanosomes.

Studies in Kenya, where it was found that f Sahiwal - 5  Ayrshire were less 
susceptible to trypanosomiasis than 5  Sahiwal - § Ayrshire, provided the first infor
mation from a large scale breeding situation on the heritability of P C V  values used 
as indicators of trypanosome infection. With more than 30 sires represented, 
each with 16 daughters and 2.3 records per daughter, the heritability of the average 
PCV value throughout the calving interval was 0.16 ± 0.08, a finding which could 
have important implications in developing breeding programmes (Trail et al..
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in press).

E N V I R O N M E N T A L  INFLUENCES O N  T R Y P A N O T O L E R A N C E

Trypanotolerance can be supplemented or reduced by a number of factors 
affecting the host and its environment. These factors include stress (work, 
pregnancy, parturition, lactation, suckling), intercurrent disease and poor nutrition 
(reviewed by Murray et al. v in press).

One of the most important factors which would appear to affect the stability 
of trypanotolerance is the severity of the trypanosomiasis risk to which the animals 
are exposed. While critical data estimating the level of trypanosomiasis risk are 
lacking, preliminary findings indicate that as the level of risk increases, produc
tivity falls (Table 3) and that N'Dama can suffer severely from the disease as judged 
by stunting, wasting, abortion and even death.

Another significant factor which influences susceptibility to trypanosomiasis 
is age. Several groups of workers have noted that calves are significantly more 
resistant to trypanosomiasis (reviewed by Fiennes, 1970). While this might be at
tributed to maternally derived antibodies in younger calves, it is recognised that in
creased resistance can last for as long as 8 months and that its loss is associated 
with weaning (Dr. W. W. Lutz, personal communication). On the basis of these 
observations, it has been proposed that the transfer of colostrum from an immune 
dam supplemented by early exposure to local strains of trypanosome will create a 
resistant animal, providing it is not moved to another location (Desowitz, 1970).

In this respect, there are now several reports which indicate that cattle, both 
of trypanotolerant (Chandler, 1958; Desowitz, 1959; Toure. et al., 1978; Saror 
et al., 1981) and trypanosusceptible breeds (Bevan, 1936; Whiteside, 1962; Fiennes, 
1970; Wilson et al., 1976; Bourn and Scott, 1978; Trail et al., in press), which 
survive trypanosomiasis, with or without the aid of chemotherapy, gradually become 
more resistant to challenge. This situation probably causes much of the controversy 
over the belief held by many that the resistance of trypanotolerant breeds is largely 
the result of acquired immunity to local trypanosome strains and that tolerance 
diminishes if cattle are moved to distant locations. While exposure to new trypano
some strains will undoubtedly lead to infection, the superior genetic resistance of 
the trypanotolerant breeds will mean that their chances of survival and acquiring 
resistance in new locations will be significantly greater than for trypanosusceptible 
breeds. This has been confirmed by the successful movement from West Africa of 
Lagune in 1904 and N'Dama in 1920 to Zaire and more recently the introduction of 
N'Dama into the Central African Republic, Gabon and Congo (ILCA, 1979).

However, it must be recognised that the movement of cattle especially 
heifers, of any breed, over large distances with resultant exposure to different
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T A B L E  1. WEIGHTS O F  T H R E E  INDIGENOUS AFRICAN BREEDS OF C A T T L E

Breed Weight at 1 year (kg) Weight of mature cows (kg)

N'Dama 114 248
West African Shorthorn 79 162
Zebu 180 300

Source; ILCA (1979)

TA B L E  2. INFLUENCE O F  B R E E D  O N  PRODUCTIVITY

Breed No. of 
herds Management Tsetse challenge Productivity index (kg)*

Zebu 20 Ranch Zero-low 38.6
N'Dama 30 Ranch low 37.1

Source; ILCA (1979)
* Total weight of one year old calf and liveweight equivalent of milk produced per 
100 kg of cow per year.

T A B L E  3. INFLUENCE O F  L E V E L  O F  TSETSE C H A L L E N G E  A N D  OF
M A N A G E M E N T  ON PRODUCTIVITY O F  T R Y P A N O T O L E R A N T  
C A T T L E

Level of challenge No. of herds Productivity index (kg)*
Zero 3 40.1
Low 13 31.9
Medium 10 23.2
High 4 18.8

Management
Ranch/Station 16 33.7
Village 14 23.3

Source: ILCA (1979)
* See footnote to table 2.
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diseases, different environments and different management systems will mean that 
a period of adaptation will be required. That different types of management can 
affect the productivity of trypanotolerant cattle was shown when the productivity 
index of N'Dama herds kept on ranches was compared to that of N'Dama herds kept 
in villages. The productivity of the animals in villages was 30% less than that of 
animals maintained under ranching conditions (Table 3).

MECHANISMS

Increased resistance to trypanosomiasis would appear to depend upon an in
herent capacity to control and reduce parasitaemia. The fact that inoculation of 
trypanosomes by syringe leads to no significant differences in infection rates or pre
patent periods in breeds of cattle and strains of mice of different susceptibilities, 
suggests that the capacity of resistant animals to control parasitaemia may be 
related to a superior innate immune response.

1. Immune response
Differences in immunological responses to trypanosomes have been demon

strated between trypanotolerant and trypanosusceptible breeds of cattle. Thus, 
Desowitz (1959) found that N'Dama with previous experience of trypanosomiasis were 
able to eliminate trypanosomes more rapidly than Zebu following renewed challenge. 
He concluded that the trypanotolerant nature of the N'Dama lay in their capacity to 
mount a superior secondary immune response to trypanosomes. Further evidence 
that the N'Dama might possess a better innate immune response was reported by 
Shapiro and Murray (in press) who demonstrated an association between the greater 
capacity of N'Dama (compared to Zebu) to control T. brucei infections and their 
ability to recognise at least one of 3 common trypanosome antigens of molecular 
weight 110, 000, 150, 000 and 300, 000 daltons.

Similarly, work in mice has shown that resistant strains produce a more 
consistent antibody response to T. congolense than susceptible strains (Murray, 
et al., 1981c), while with T. brucei infections the antibody response reaches much 
higher levels in resistant strains of mice (Black et al., unpublished). However, no 
differences were found in the immune response between strains of mice of different 
susceptibility when they were inoculated with non-dividing irradiated T. brucei or 
T. congolense (Black et al.. unpublished; W.I. Morrison, unpublished). These 
findings suggested that some other factor(s), possibly involved in the induction of 
the immune response, was responsible for the differences in the immune response 
to a live trypanosome infection observed in both cattle and mice of different 
susceptibilities.

Studies in mice have shown that rate of differentiation of T. brucei from 
rapidly dividing slender forms to non-dividing senescent stumpy forms, together
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with the rate of production of protective antibodies, regulates the capacity of the host 
to control and reduce parasitaemias in mice (Sendashonga and Black, in press). 
Furthermore, the rate of parasite differentiation influences the kinetics of antibody 
production because antibody responses are stimulated by stumpy but not by dividing 
slender forms (Black et al., in press; Sendashonga and Black, in press). Treat
ment of T. brucei-infected mice with inhibitors of prostaglandin synthesis, which 
accelerate parasite differentiation in vitro, reduces parasitaemia, shortens the time 
to parasite wave remission and accelerates the development of protective responses 
(R.M. Jack, unpublished). These studies suggested that host factors related to 
prostaglandin synthesis either by the host or by the parasite, by regulating the rate 
of parasite differentiation, might play a role in the induction of the immune response 
and, as a result, might influence the severity of infection, i. e., the host determines 
the level of susceptibility by controlling the rate at which parasites differentiate.
This hypothesis was tested in resistant C57B1/6 mice which are capable of control
ling parasitaemia to a significantly greater extent than C3H/He mice which are highly 
susceptible to infection. It was found that parasite differentiation occurred earlier 
and antibody levels were higher in the more resistant C57B1/6 mice. Therefore, it 
is possible that differences in susceptibility might be due to differences in the produc
tion of prostaglandin. This in turn might be related to differences in the degree of 
activation of macrophages between mouse strains, as it is known that prostaglandins 
are synthesized by activated macrophages (Allison, 1978).

Another possible explanation for trypanotolerance is that resistant animals 
are less susceptible to immunodepression, a common feature of trypanosome infec
tions which is especially severe in laboratory animals (Goodwin et al., 1972). Evi
dence for a relationship between immunosuppression and susceptibility of mice to 
T. brucei has been reported by Selkirk and Sachs (1980). It was found that strains of 
mice of different susceptibilities showed corresponding differences in depression to 
heterologous antigens, with IgM responses in particular becoming rapidly depressed 
in the most susceptible strains. It was concluded that the extent and rapidity of onset 
of suppression of IgM responses determined the course of infection.

The role of parasite differentiation and parasite induced immunodepression 
in influencing host susceptibility to African trypanosomes need not be mutually 
exclusive. Not only would it appear that prostaglandins regulate differentiation and 
as a result control the induction of the immune response (R.M. Jack, unpublished), 
but it is also known that prostaglandins are immunosuppressive per se and can inhibit 
antibody responses (Webb and Nowowiejski, 1977).

It now remains to be determined whether pharmacologicaliy-active mediators 
such as prostaglandins, which would appear to play a central role in determining the 
susceptibility of mice to trypanosomes, are also involved in tiypanotolerant cattle.

It is known that following infection by tsetse, parasites first become estab
lished in the skin where they multiply for several days prior to their dissemination
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to the bloodstream. Thus, it is possible that the pharmacoiogicaily-active factors, 
discussed earlier, which influence parasite growth and differentiation, could be 
operative at this level. However, at present there are no published data on the skin 
reaction or its influence on the parasite in trypanotolerant breeds of cattle. That skin 
reactivity might be important in susceptibility was suggested from work in trypano- 
tololerant wild animals such as eland and waterbuck in which parasitaemias are low 
and there is little clinical evidence of disease. In eland and waterbuck, the skin 
reactions following bites with trypanosome-infected tsetse were much smaller than 
in susceptible cattle and goats (Murray et al., 1981b). Such an outcome may reflect 
earlier induction of the immune response with rapid elimination of the parasites 
from the skin. Alternatively, some as yet unidentified physiological or structural 
factors which influence susceptibility may be operative at the level of the skin.

2. Physiological factors
Trypanotolerance may be related not only to the capacity to control the para

site but also it may be associated with reduced susceptibility to the effects of the 
disease because of a number of physiological factors possessed by trypanotolerant 
breeds which aid survival. These factors possibly include superior adaptation to 
food utilisation, heat tolerance and the capacity to conserve water. Unfortunately, 
critical data concerning these parameters are not available. However, what is 
known is that where food intake is marginal, as it is in many areas of Africa, breeds 
with an inherently high maintenance requirement will suffer most, as demonstrated 
by weight loss or reduced weight gains (Vercoe, 1974; Frisch and Vercoe, 1978). 
Thus, it is likely that trypanotolerant breeds with much lower inherent maintenance 
requirements are probably much better adapted to remain productive in the con
ditions which prevail in West and Central Africa.

In the same way, little is known about water conservation and heat tolerance 
in trypanotolerant breeds, although there are indications that they have developed 
remarkable capability to conserve water and to tolerate heat. Thus, Pagot (1974) 
found that N'Dama could withstand higher levels of humidity than Zebu, while Greig 
and McIntyre (1979) demonstrated a considerable range in rectal temperature in 
N'Dama from 34.4°C at dawn to 41.1°C in late afternoon. The teleological argument 
for such a phenomenon is that thermoregulation under cold conditions, i. e., less 
than 20°C for tropical breeds of cattle, requires the use of body energy stores.
Thus, when caloric intake is low, energy is conserved by allowing the body tempera
ture to fall (Professor D. Kobertshaw, personal communication).

With regard to water metabolism, studies in East Africa have shown that the 
water requirement of the indigenous East African Zebu is about half that of Herefords 
and is similar to that of several species of wild bovidae, such as the eland (EAVRO, 
1967). While there is no published information on the trypanotolerant breeds, it is 
possible that they have adapted to an even greater extent as indicated by the feet that 
N'Dama turn over less water than Zebu in terms of ml per kg body weight (Dargie, 
1980).
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CONCLUSIONS

The exploitation of trypanotolerant breeds of cattle offers one of the most 
important approaches to the control of the continental problem of animal African try
panosomiasis. This conclusion is based on the knowledge, firstly, that tiypano- 
tolerance is an innate genetic characteristic and, secondly, that breeds such as the 
N'Dama and West African Shorthorn are much more productive than previously 
supposed. However, trypanotolerance can be reduced under certain adverse con
ditions such as high levels of tsetse challenge or it can be supplemented by previous 
exposure. Therefore, to realise the full potential of trypanotolerant breeds, it is 
important that the main environmental factors which affect trypanotolerance be 
identified and the extent of their influence quantified. Full comprehension in trypano
tolerant animals of the factors which control parasite growth and allow the develop
ment of an effective immune response might provide marker(s) for selective breeding 
of trypanoresistant livestock or it might allow the development of strategies for the 
induction of trypanotolerance in susceptible animals by non-specific means.

SUMMARY
Certain indigenous taurine breeds of cattle, namely N'Dama and West 

African Shorthorn, in West and Central Africa are significantly more resistant 
to trypanosomiasis than Bos indicus breeds. This trait, termed trypanotolerance, 
is innate and appears to be inherited as an incompletely dominant character
istic. Despite their small size, trypanotolerant breeds are at least as product
ive as other indigenous breeds. Trypatolerance can be reduced by a variety of 
stress factors including high levels of tsetse chalenge or it can be supplement
ed by previous exposure. Trypanotolerance would appear to be related to the 
ability to control parasitaemia, a capacity which at least in kice infected 
with T. brucei is associated with prostaglandin synthesis. Low maintenance 
requirements, ability to conserve water, greater heat tolerance and increased 
resistance to other infectious diseases are other characteristics attributed 
to trypanotolerant breeds. When all these factors are considered, it would - 
appear that the N'Dama and the West African Shorthorn, through a rigorous - 
process of selection over several thousand years, now provide a 'package' for 
survival and production in the tsetse-infested savanna areas of West and Central 
Africa.

RESUMEN
Algunas razas bovinas indxgenas, concretamente la N'Dama y la West Afri

can Shorthorn, de Africa Occidental y Central, son bastante mas resistentes a 
la tripanosomiasis que Bos indicus. Este rasgo, designado tripanotolerancia, 
es innato y parece ser heredado como caracter incompletamente dominante. A pe- 
sar de su pequeiia talla, las razas tripanotolerantes son por lo menos tan pro- 
ductivas como las otras razas indigenas. La tripanotolerancia puede reducirse 
en una serie de factores acentuados, entre los que se incluye un alto grado de 
amenaza de la tsetse, o que puede suplementarse mediante una exposicidn previa. 
La tripanotolerancia parece estar relacionada con la capacidad de controlar la 
parasitemia, capacidad que por lo menos en los ratones infectados con T. brucei 
se relaciona con la sxntesis de la prostaglandina. Las bajas exigencias de man- 
tenimiento, la capacidad para almacenar el agua, una mayor tolerancia al calor 
y mayor resistencia a otras enfermedades infecciosas, son otras caracterxsticas 
que se atribuyen a las razas tripanotolerantes. Si se tienen en cuenta todos es 
tos factores, parece que la N'Dama y la West African Shorthorn, a traves de un 
rigur.osu proceso de seleccion durante varios miles de anos representan ahora un 
"bloque" de supervivencia y produccion en las zonas de sabana infestadas de tse 
tse en Africa Occidental y Central.
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